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LOI MO DAU

Hoa hoc phan tich I mén khoa hoc vé cac phiong phap xac dinh thanh phan dinh
tinh va dinh lugng cita cdc chit v hén hop cia cluing. Nhiu vgy, héa phan tich bao gém
cte phuong phap phat hién, nhan biél ciing nhit cde phuong phap xac dinh ham lugng
ctia cdc chdt trong cdc mdu can phan tich. Dé tién hanh phan tich dinh tinh cang nhu
dinh luong cdce chdt, dac biét khi phan tich cdc chdt trong cdc mau co thanh phén phic
tap, ngudl ta thuong phdi st dung cdc phitong phap tach chdt mét cach thich hop. Cac
khdi niém vica néu, nguoi doc ciing nhu sinh vién dé duge lam quen khi hoc tap va nghién
cuu cae tai lidu vé cae mén hoc Héa so cdp, Héa hoc dai cuong vi Héa hoc vé co.

Héa hoc phan tich déng vai tro quan trong va cé thé néi dong vai tro séng con déi
ugi sy phat trién ciec mén hda hoc khac ciing nhu cic nganh khoa hoc khac nhau, cdc inh
vile cua cong nghé, san xudt va doi séng xd hol. Chi can don cit mét thi du: Mudn tong
hop maol chdt moi roi nghién citu cac Hnh chat cing nhi nhitng ung dung ciia né nhdt
thiét phdi sit dung cdc phuong phdp phéan tich thich hop dé xac dinh thanh phan nguyén
86, miue d¢ tinh khiét, xac dinh cdu tric cia no. Chinh vt thé Engel da titng noi:"Khing
co phin tich thi khéng thé o téng hop”.

Do cé tdm quan trong nhu vdy nén mot logt cdc chuyén nganh cia kfica hoc phan
tich dé ra doi va ngay cang phat trién manh nhw : Phan tich moi truang, Phan tich
khoang liéu, Phan tich hop kim, kim logi, Phén tich lém sang, Phén tich duoc phdm,
Phan tich thic phdm, v.u...

Khi tien hanh phan tich mot déi tugng nio dé nha phan tich phdi thuc hién cdce bude
sau day:

a) Chon phitong phap phan tich thich hop v xde dinh cdac van dé can gidi quyét. Khi
thuc hién bude niay can phdi dde biét chu y dén tam quan trong, y nghic phap I va kinh
té ciia cong viée phan tich, chi y dén d¢ dung dan, do lgp lai v tinh khad thi cia phuong
phap phan tich.

by Chon mdu dai dién ld mdu cd thanh phan phdn dnh ding nhdt cho thanh phin
cia doi tuong phan tich. Tit mdu dai dién tién hanh chon va chudn bi mdu thi nghiém
la méu ditng dé tién hanh phan tich chdt cin xdac dinh, Sau doé thie hién viéc bién mdu
nay thanh dung dich phan tich.

¢) Tach chdt. Dé phan tich cic méu cé thanh phan phic tap thusng phdi tach hodc
la cac chat la, cdc chdt ngan cdn phép xac dinh chdt can phan tich hodc tich riéng chdt
can phan tich ra khéi hdn hop vdi cae chdi khac.

d) Tién hanh dinh liong chdt can phan tich, tite la thyc hién cdc thao tdc, cac phep
do dac phan tich dé xde dinh ndong do hoge ham luong chdt can phan tich trong dung
dich mdu dd chudn bi trong budc trén.

e) Tinh todan két qud phan tich, dénh gia do tin cdy ctia cde két qud do.

Tdt cd cac bude trén déu co tam quan trong vd lidn quan mdat thiét vdi nhau Rhong
thé bé qua va col nhe bude nio cd.

Tiiy thude vao ban chdt cin cée pluong phdp phan tich ma ngudi ta chia ching thanh
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cde nhom chi yéu sau:

1- Nhém cic phiwong phip héu hoc, trong d6 nguoi ta st dung chit yéu cée phdn ung héa
hoc (thuong goi la edc phdn ting phan tich) va nhing dung cy thiét bi don gidn dé phan
tich cac chdt. Cac phuong phdap héa hoc ra doi rdt som, thuong duge diung dé xdc dinh
nhitng luong ldn, lugng vita va khong qud nho cae chédt. Tuy vdy cde phuong phap héa
hoc li co s6 dé phat trién cac phiong phdp phan tich hién dai sé duge néi dén ngay sau
day v khong bao giv thiéu duge trong bat ki phong thi nghiém phan tich nao.

2- Nhém cdc phuong phdp vit I va héa Ii, trong dé ngudi ta st dung cde thiét bi may
moc phie tgp dé do hogc ghi nhitng dgi luong vat I va héa li nhu cuong doé vach quang
phd phdt xa nguyén ti, cubng d¢ phan ra phong xag hat nhan nguyeén ta, di¢n ihé can bing
ciia ede dign cye nhing vao dung dich phan tich, cudng db dong khi dién phan chdt phan
tich v.v...., cac dai Iuong dé hodc la ddc trung cho bdn chdt phan tich hoge la ham s6 ctia
nong do char do.

Nhom cic phuong phap vat It va héa li thuong dige coi la cae phuong phap phan
tich cong cu. Da s6 cdc phuong phap thuge nhém nay li cdc phuiong phap hién dai, ra
dii tit vad chue nam gan ddy nham ddp ung nhitng yéu céu ngay cang ceo cua khioa hoc,
ki thuat vie doi séng hién dai, Sy ra doi va phat trién cia cdc phuong phdap nay & sy két
hap nhitng thanh tuu ciia khoa hoc phin tich, nhitng thanh tuu cia héa hoc vdi nhitng
thanh tyu rdt riue vé ciia vat I hoc hién dai, ki nghé tin hoe, dién tit va ty dong héa. Cée
phuong phap nay c6 mot loat wu diém ndi bat nhu cho phép xdc dinh mot cach ty déng
hodc ban tu dong rhitng lugng nhd, citc nho cac chdt vo co cing nhu hitu co. Trong nhiéu
truong hop céc phiong phdp cong cu hién dai cho phép xdc dinh c@u fric cdc phan tu
phite tap fcdac phic chdt, cdc chit hitu co). Tuy vdy, dé nam ving day du nguyeén i, bdn
chét va su dung thanh thqe cée phuong phdp nay phdi nam ving co sd Ii thuyét cia cac
loqi phdn ing phan tich va cée phuong phdp héa hec ciia phan tich.

Vi nhitng Il do trén ma cudn sdch nay sé duge chia thanh hai phén chinh. Phan thi
nhdt trinh bay co s6 Il thuyét ctia cac phdn tng phan tich va cac phuong phap héa hoc
stt dung cac loai phdn ing doé. Phan thit hai trinh bay Ii thuyét ca sd va cac ung dung
phan tich ciia ede phuwong phdp phan tich cong cu quan trong nhat.

Cudn gido trinh nay duge bién sogn nhim phuc vy sinh vién v can 06 gidng day cac
trudong dai hoc va cao ding ¢é tham gia hoc tdp va gidng day mén Hoéa hoc phan tich,
dia trén yéu ciu vé cdi tién néi dung chuong trinh cho thich hop vdi hoan cdnh cia
chuong trinh mdi la vita cung cap cho ngudi hoc nhitng kién thiie co bdn truyén théng lgi
vita ¢6 nhitng kién thitc cap nhat dé ndm duge bdn chdt cia cde phuong phap phan tch
vita phat huy duge oc tu duy héa hoc va via biét cach ap dung sang tgo cac quy trinh
phéan tich vao viéc gidi quyét 16t cac yéu cGu thite tién cie nudc ta va thu duge két qua
tot trong nghién ciu khoa hoc, nhanh chong hoa nhdp duge voi nén hioa hoc ngay cang
phat trién hién nay.

Tham vong thi lon nhiung thoi gian va trinh do ¢ han nén chéac chan cudn sach khong
thé tranh khoi sai sot. Chiing toi sé rdt biét on khi nhan duoc nnitng y kién dong gop ciia
cte ban déng nghiép v anh chi em sinh vién,

Moi ¥ kién déng gop xin giri vé NHA XUAT BAN KHOA HOC VA KY THUAT,

70 TRAN HUNG DAO, HA NOL.
Cac tac gia
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CHUONG 1

CAN BANG HOA HOC VA HOAT DO

Trong Hda hoc phan tich ta thuong phai tinh nong do can bing cta céc chit tham
gia va dugce tac thanh trong cdc phan dng phan tich, tuc la nong dé6 cda cac chit dd khi
phan dng dat tdi trang thai can bang. D€ tinh cdc ndng do can bang, ngudi ta thudng
st dung bi€u thitc clia hang s§ can bang duge thist lap bang cach dung dinh luat téc
dung khéi luong. Gia st xét can bang hda hoe:

mA + nB +.——= pC + ¢qD + ... (a),
trong do A, B, C, D... 1a nhitng cdu ti tham gia can bing (a) ma ching khong tich dién.
Ap dung dinh luat tdc dung khéi luong, ta cé:

[CIP[D]

- K (1.1)
[A]l'I'I[B]l'I

trong do [A], [B], [C], [D]... 1a néng do can bang clia cic chat A, B, C, D... va K la hang
s6 can bang,la dai lugng chi phu thude vao nhist do. Néu A, B, C, D... 1a nhitng ion, thi
ta phdi tinh dén tuong tdc tinh dién cia ching, nén trong bi€u thie (1.1) ta phai thay
ndng do bing hoat do.
Hoat d6 a cia mét chdt duge xdc dinh bang hé thite:
a = [C, _ (1.2
trong dd, C ]4 néng dé cla ion; f1a hé s6 hoat d6.

Dai lugng f phu thudc vao lyc ion u cia dung djch. Luc ion u4 biéu thi tudng tac
tinh dién gita cdc ion trong dung dich.
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N&u Z,, Z,.... 1a dién tich va C|, C,... 1a ndng do cha cac ion trong dung dich, thi
lue ion g dude xac dinh bang hé thude: .
o= 5 20, + Z3Cy + ) (1.3)
Hoac dudi dang téng quat:

A

=

o=

~ra

1
5 o (1.3)
2, i .

Néu ¢ gan bang khong tic 12 dung dich rat lofing, twang tic tinh dién gita cdc ion
khong dang ké, thi f bing 1, hoat d6 bang nong do.
Khi 4 < 0,02 thi f duoc tinh 1b:‘.‘mg hé thdc:
lgf =~ 522\{5 (1.4)

Thi du {: Tinh hoat do cua cac ion trong dung dich hén hgp KCl 10-3M, MgSO,
10-3M.

Tinh luc ion ¢ cia dung dich:
= 0,5(1.103 + 1.1073 + 2210 + 2210 = 510"
Vi = 7.107% = 0,07

Tinh hé 6 hoat d6 cla cdc jon

IDg f = lg f(‘l_ = —0,0510,07 = —0’035
fg+r =fe- = 0,92
fog f 2+ =]0gf_\;0§— = -0,522.0,07 = -0,14

fags = Fso3- = 0.72

Tinh hoat d¢ cac ion
Qe+ =d. = 0,92.103 = 9,2.10% mol.l"!
Opg2t = @0l = 0,72.1023 = 7,2.10* mol 2!

Kni 0,02 < 4 < 0,2 thi f duge tinh bang hé thic
7~V
logf = -0,5 — (1.5)
1+

Thi du 2: Tinh hoat dd ctia céac ion trong dung dich KCl 0,1 M.
Luc ion g ciia dung dich
w = 0,50120,1 + 12.0,1) = 0,1
Vi = 0,32
Hé s6 hoat dé cua cdc ion:
logf+ = 1g fo- = (0,5.12.0,32)/(1 + 0,32) = 0,121
f= 0,757
Hoat do cta cac ion:
aypt = a¢-= 0,757.10°" mol.!™!
Khi #>0,2 thi hé sd hoat dtf) f dugc tinh bang cong thie:
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log f = —0,52 ——— + a4 (1.6)
1+ Vi
trong d¢ 2 14 hé sé thay d&i cung véi ion.
Néu A, B, C, D... trong hé thue (1.1) 1a nhitng ion, tiic 14 nhitng phan ti tich dién,
thi bi€u thic hing s6 can bing ¢6 dang sau:
ap- ajh

m n
ay

=K, (1.7)

Trong trutng hop nay, K, dugc goi 1a hing s6 can bang hoat dé hay hang s6 can

*bang nhiét dong, dai lugng nay chi phu thudc vac nhiét d¢ (khong phu thuéc vao nong
do). Thay & = fC vao bi€u thue (1.7):

_(CIPDI L pRr « FErih

COAPBRrRry TR

(1.8)

trong dd, K. dugce goi la hing s6 can bing nong d6, dai lugng nay khang nhitng phu
thudc vio nhiét do ma con phu thuéc vao luc ion cfa dung dich.

Cdc hang sé can bing cua cdc hé khiac nhau, thi du hang s8 axit, hiang s6 bazo, tich
s6 lon cla nude, tich s6 tan ctia cdc chit kho tan, hing s6 bén va khong bén cda cdc
phuc chat ghi trong cac tai litu thudng la cdc hang s6 hoat d¢. Trong thue t&, dé tinh
toan duge don gian, khi tinh néng do cdc ion treng dung dich, hiing s6 ecan bang hoat
do thudng duge coi bing hang s6 can bing nbng d6, tde la ta bo qua su tudng tdc tinh
dién cla cdc ion trong dung dich va coi hé s6 hoat do bang 1. Két qua tinh toan, nhu
vdy, sé thiéu chinh xdc. Nhung vi ta thuong dung cdc dung dich loang, nén sai sé6 cg
thé nam trong gigi han cd thé chap nhan duge.

Trong cac chuong sau, dé don gian hoéa viéc tinh todn, hé s6 hoat do thuang duge
coi bang 1.

Giad st ching ta phai xét can bing (a) ma csc chat A, B, C, D... trong dd con tham
gia vao cde phan ting phu khde (nhy phan ting trao d6i proton, phan ung tao phdc chit,
phan dng tao két tua) thi néng do cia chiing tham gia vao can bang (a) sé giam di,
nghia la cdc phan ding phu d& anh hudng dén can bang (a) dd. D€ bi€u thi anh hudng
cta cac phin ing phu dén can bang (a), ngudi ta thutng ding mot dang hang s6 goi l1a
hing s6 diéu kien. Goi {A’], [B], [C’], [I?’]... 1a téng ndng d6 can bang cla cac dang cla
A, B, C, D... trong dung dich thi [A], [B], (C], [D] chi bang mét phin cta ede nong do
[A], [B), [C7), [TY), tde la:

[A] = [A] «, 5 [B] = (B'] «,
trong do «, «p 1a cde hé s6 nho han 1 13 nhiing dai lugng bi€u thi Anh hudng cta cic
phan @ng phu t6i néng do caa A, B, C, D.., tu do.

Thay cdc néng do cin bang [A], [B)... trén vao hé thuc bi€u dién hing s6 can biang
nong dé cia can bang (a), ta cé:

. [CY[D]4 ... ~ [CIP . [D) Y ey _ [CIP[D]4ep. exfl _ e af ol

R

- = (1.9)
[AI™ [B]" . [A]™ QIBT @ [A](B] Y et

Dai lugng K* trong hé thie (1.9) duge goi la hang s6 can bang didu kién, ng khong
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nhitng phu thudc vao nhiét do, vao luc ion clda dung dich ma con phy thufe vio ca nong
d6 cua cac chdt khdc tic 1a phu thude vao didu kién cia dung dich trong dd can bang
chinh (a) dugc thiét lap. Cac thi du cu thé sé dugce trinh bay trong cidc chuong sau.

Trong cic phuong phap hda hoc ndi riéng ciing nhu trong tdt cA ciac phuong phip
cta phan tich néi chung, ngudi ta thudng nghién ciu sit dung cdc loai cn bing chinh
sau day:

- Can bang axit - bazu (hoac cAn bing trao dé&i proton).

- Can bang tao phuc.

- Can bang két taa.

- Can bang oxi hoa khit (hodc can bang trao ddi electron).

Trude khi di vao xét cd sd li thuyét cla cac loai can bdng trén va vng dung cia
chiing trong ecdac phuong phdap héa hoc cing nhu hda li cia chung, ching ta hay dé cap
dén nguyén tic cia cac phudng phap hda hoc: phudang phap phan tich khéi lugng va
phan tich thé tich. '
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CHUONG 2

DAl CUONG VE PHAN TiCH KHOI LUONG VA
PHAN TiCH THE TiCH

2.1 Nguyén téc chung cta cac phuong phdp phan tich khéi lugng

Phén tich khéi lugng 1a phuong phap dinh lugng hoa hoe trong dé ngudi ta do chinh
xdc bang cach can khéi lugng cua chat can xac dinh hoac nhitng hgp phan cua nd da
duge tdach ra d trang thai tinh khiét hda hoc hoac la dudi dang hgp chAt ed thanh phian
biat trudc.

Thi du, dé dinh lugng vang trong hgp kim, ngudi ta lay mét mau dai dién cho hgp
kim dd, dem hda tan mau nay trong moét hugng thich hgp nusc cuang thuy (HCl +
HNQ,) d¢ chuyén hoan toin miu thanh dung dich. Dem ché& hda dung dich d¢ bing
nhing thuée thi thich hgp, rdi khit chon loe va dinh lugng va. e (III) thanh vang kim
loai Au. Dem loc, riia k&t tita Au d6 rdi sy va nung dén khéi lugng khong ddi. Cusi
cung can lugng Au dd trén cin phan tich dé xac dinh khéi lugng clia né. T khéi lugng
nay xac dinh ham lugng vang trong mau hgp kim.

Dé xac dinh magie ngudi ta tién hanh nhu sau: Hoa tan miu phan tich trong dung
méi thich hep d€ chuyén toan bé luong magie vao dung dich dudi dang ion Mg2*. Ché
hda dung dich bing cdc thudc thi thich hop d& két tua hean toan va chon loc ion Mg+
dudi dang hop chdt kho tan MgNH,PO,. Loc, rita k&t tia roi sdy va nung nd & nhiét do
thich hop d€ chuyén hoan toian thanh hop chat Mg,P,0,. Cubi cling can dé xdc dinh
khéi lugng cia nd. Dya vao cdng thdc cia két téa va khéi lugng vita can duge sé tinh
duge ham luong caa Mg trong miu phan tich. Trong thi du nay hgp chat MgNH_ PO,
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duge k&t tia d¢ tach dinh lugng magie nén duge goi la dong két tia con Mg.P,0; la
hop chdt dude tao thanh sau khi nung dang két tua va dude cdn d¢ xac dinh ham lyung
cua magie nén dude goi la dang can. Phuong phap phan tich khoi lugng magie nhit
trén dude woi 1a phuong phap két tda, Phuung phap ket tda la phuorg phap dioe su
dung phé bién nhit trong phan tich khéi lugng.

Dé xac dinh CO, trong quang cacbonat, ngudi ta phan huy lugng can mau trong
mat dung cu riéng bang axit:

CaCO, + 2H' » Ca’* + CO, + H,0

Toan bé lugng khi CO, giai phdng ra duge hdp thy hét vao hén hgp CaO + NaOH
dung trong mot binh riéng. Lugng CO, do duge xac dinh theo do tang khéi lugng cua
binh dung hén hgp hidp thu. Phuong phap xac dinh ham lugng CO, nhu trén goi la
phuang phap cat.

2.2, Yéu ciau cua dang két tua va dang can

Dé& phuong phap phan tich khdi lugng dat duge dd chinh xac cao, dang két tia phai
thoa man nhitng yéu cdu saw:

- K&t tia can phai thye té€ khong tan. Mudn vay, khi tién hanh két tda nguol ta
phai chon nhirng diéu kién thich hop nhu pH t6i vy, nong do thude thu, nhiét dé thich
hgp d& két tua hinh thanh thuc té khong tan hode, nhu ngudi ta ndi, chat phan tich
duge lam két tia mdt cach dinh lugng, thi du két tua tagi 99,99%

- K&t tua thu duoc can phai tinh khiét, khong hdp phu,cong két va néi hap cic tap
chdt. Chi c6 nhu vay thi dang can méi eé thanh phan xdc dinh ung dung véi cong thuc
hda hoc eta nd.

- K&t tua can thu duge dudi dang dé lge rita d€ co thé tdach ra khoi dung dich mét
cich nhanh chdng va thuan lgi nhit.

Cic yéu ciu trén clia dang két tla s& dugce ban ki va sau hon trong chuong VII (mue
cdc yéu t& Anh hudng dén su két ta hoan toan va dd tinh khi&t cua két tia).

Yeu chu quan trong nhdt cia phan tich khéi lugng 1a chét ran thu duge cudi cung
phai cd cong thic xdc dinh d€ cd thé tit khéi lugng cia né tinh ra duge chinh x4c ham
Iugng nguyén té hodc ion cin dinh phan. Do&i véi nhitng két tia loai BaSO, ed cong thic
xac dinh, bén virng ¢ nhiét do cao, nén sau khi rda sach va sdy kho thi tit khéi lugng
cta nd cd thé tinh duoc lugng ion BaZ* hoac SO7~ cd trong dung dich phan tich. Nhu
vay, trong trudng hop nay dang két tha va dang can la mot hop chat. Nhung , khong
it két tta, chdng han Fe(OH), va Al{OH),, thuang khong cd cong thde xdc dinh, nén
khong thé chon la dang can ma phai nung ching & nhiét dd cao t6i khi cd khdi lugng
khong ddi d&€ chuyén ching thanh Fe,O0, hoac Al,0; 1a nhitng dang can. Dang can phai
théa man nhitng yéu ciu sau:

- Phai ¢o eoéng thie xde dinh, c6 thanh phan khoéng d6i tit khi sdy hodc nung xong
dén khi cAn nd trén can phan tich. Thi du, dang can khong duge hit &m, khong hip thu
khi CO, ¢ trong khong khi, khong bi phan hiy bdi anh sdng v.v.. Dé thoa min yéu
cAu nay cAn phai tién hanh phan tich theo nhimg ki thuit nhat dinh.

- D& ¢d dude két qua phan tich cang chinh xae, khoi lugng mol cua dang cén cang
16n hon khéi luong mol ciia nguyén té hodc ion can phan tich thi cang tét. Thi du, cd
thé xdc dinh Cr** dudi dang can 1a2 BaCrO, hoae Cr,0,. Gia st, sai s¢ tuyét ddi khi cdn
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BaCrO, va Cr,0, déu 1a moét mg, nhung khi can & dang Cr,0, thi sai s6 13 104 x 1/ 152
= 0,7 mg Cr, con khi can d dang BaCr O, thi sai s61a 52 x 1/ 253,3 = 0,2 mg Cr nho
han trudng hop truse 0,7/0,2 =3,5 lan.

2.3. Céch tinh két qua trong phan tich khéi lugng
a. Hé s6 chuyén

Théng thuting dang can khong phai 14 dang can xdc dinh ham lugng. Vi vay, tu khéi
lugng cua dang can phai tinh khéi lugng ctia dang can xde dinh ham lugng. Do d6, dé
tién cho viéc tinh két qua phan tich, ngusi ta dua ra khai niém hé sé chuyén. D6 1a dai
lugng ma ta can phai nhan khdéi lughg cla dang can v8i né d& duge khai lugng ctia dang
cin xic dinh. Thong thudng hé sé chuyén la ti s6 khéi lugng eta mot, hai hoac
nhiéu nguyén ti hodc phéan tt hode ion ctia dang can xsc dinh va khéi lugng phén ti
cia dang can. Trong trudng hop xéc dinh Si thi hé s6 chuyén ti Si0, (dang can), thanh
5i, dang can xde dinh ham lugng la:

Si

Si0,

K =

= 0,4674

Thi du khac: Néu dang can 1a Mg,P,0, va dang cin x4c dinh ham lugng la Mg ,MgO
hay MgCO, thi hé 88 chuyén lan lust la:

2Mg
K, =———— = 0,2185
M& Mg,P,0,
2MgO
Ko S——— = 0,3622
Mg,P,0,
K _2MeC0; 0,7576
MgCO3 MgP0, |

b. Cach tinh két qud phén tich
Thong thudng ngudi ta tinh két qua theo phan tram khdi luang ciia chat can dinh
phan trong mau, ’

Gia st lugng cAn miu 1a p(g), khdi lugng dang can 1a ¢ (g), K 1a hé 6 chuyén.
Ham lugng tinh theo % khéi lugng x

K.9.100
% =— (2.1)
p
Néu p(g) mau cha trong V ml dung dich ma 14y ra v ml dé phan tich thi:
K.q.V100
% = (2.2)
P

Trong trutng hep phan tich khi va hoi thi cach tinh kha don gian, Thi du dé xac
dinh d¢ dm cia mau ta ldy p (g) mau. Sau khi sdy kho thi con lai p’(g). Vay do 4m cua
mau la:

. p-p
7% dd Am =

P
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2.4. Nguyén tac cta phueng phap phan tich thé tich

Phan tich thé& tich 1a phudng phap x4dc dinh ham lugng cdc chat dya trén sy do thé
tich dung dich thudc tht d4 biét nong dé chinh xac (duge goi 1a dung dich chuén) dugc
thém tir buret vao dung dich cia chit dinh phan, vta tac dung da voi tat ca lugng chat
dinh phan dd. Sy thém tir tit dung dich chudn bang buret vao dung dich chdt dinh phan
goi 14 sy chudn d6. Thai didm da thém lugng thudc thu vira du tac dung vdi toan bd
chdt dinh phan goi la diém tudng duogng. Thoi diém tai do ta k&t thic chuin dé, goi la
diém cudi. Thong thuidng didm cudi khéng trung voi diém tuong duong, nghia la thé
tich dung dich chudn da dugc thém vao khong bang th& tich cua nd tac dung vira dd
v8i chat dinh phan (thé tich dung dich chuin ing vdi diém tuong duong), vi vay su
chudn dd méc sai sd.

D€ nhan bigt di€m tudng duong, ngudi ta thubng ding nhitng chit gay ra nhiing
hién twgng ma ta cd thé quan sat duge badng mat nhu sy d6i mau, sy xudt hién két tia
lam duc dung dich xay ra & rit gan didm dd. Nhirng chit dé duoe goi 1a chdt chi thi.

2.5. Phan tng diing trong phan tich thé tich

Nhitng phan tng hda hoc dung trong phan tich thé tich phai théa man cac yéu cau
sau:

- Ch&t dinh phan phai tdc dung hoan toan vdi thudc thi theo mot phuong trinh
phan vng xdc dinh, nghia 1a theo mé6t hé s6 ti lugng xdc dinh.

- Phan dng phai xdy ra rdt nhanh. D6i véi cdc phan {ing cham, can lam tang tdc do
cta chung bing ciach dun ndng hodc ding chit xic tac thich hop.

- Phan dng phai chon loc, nghia la thudce thi chi tdc dung v6i chdt djnh phan tich

ma khong phan iing véi bat ki chdt nao khac.

- Phai cd chdt chi thi thich hgp dé xac dinh di€m cudi vdi sai s6 chdp nhan duge.

- 2.6. Phan loai cdc phuong phip phan tich thé tich

Ngudi ta thudng phan loai cdc phuong phap phan tich thé tich theo hai cach sau
day:

Phan loai theo ban chét cia phan ding chudn do:

- Phuong phap axit-bazo (hoge phuong phdp trung hoa). Phuong phap nay dya trén
phan Ung gilta cic axit va bazdg (phan d@ng trung hoa (H* + OH--> H,0) dé€ dinh luong
truc tiép hodc gidn tiép cac axit, bazg va mudbi.

- Phuong phdap két tia: Phudng phdp nay chi y&u dung dé dmh lugng cac ion tao
dugc cac hop chit khé tan. Tuy s6 lugng cdc phan dng tao thanh két tia kho tan rat
lén, nhung da s cac phan Ung do xay ra rdt cham va khong cd chat chi thi thich hgp,
nén viéc ap dung phuong phap nay kha han ché. _

- Phuong phap phiic chdt: Phuong phdp nay dua trén phan dng tao céc phic chat
gitta chit can phéan tich va thudc thi.Phugng phdp duge dung dé¢ dinh lugng hau hét
céc cation kim loai va mot s6 anion. Thudc thit duge st dung phd bi€n nhidt 1a nhdm
thude thi cd tén chung la complexon.

- Phuong phap oxi héa - khit: Phuong phdp nay dua trén phan ing oxi héa -khu va
thudng duge dung dé dinh lugng truc ti€p cac nguyén t6 chuyén tiép va mot s6 chat
hitu cg, ngoai ra ta con ¢d thé xac dinh gidn ti&€p mot s6 ion vo co.
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Phan loai theo phuong phap xdc dinh diém cudéi

- Cac phuong phap héa hoc dua trén su d6i mau cia chat chi thi tai di€m cusi.

- Cdc phuong phdp héa Il dua trén su bign ddi dot ngdt cha mot tinh chat vat If
nao do tai diém cusi nhu cuding 46 mau, dién thé, dé din dien v.v..

2.7. Cac phuong phdp chuin do

Tuy theo trinh ty tign hanh chudn dé, ngudi ta chia thanh cic chuin dé sau:

- Chudn d¢ tryc tiép: Thém ti tit dung dich chuéin tir buret vao dung dich dinh phan
dung trong binh ndn. Thudc thit R tac dung tryc tiép véi chdt dinh phan X:

R+X - Q+Y {a)

Dua vao ndng dd dung dich chudn, thé tich cta nd da tidu t6n va phuong trinh phan
ing (a), ta tinh dugc luong chat X da phan ng.

- Chudn d¢ nguge: Thém maot thé tich chinh xac va du dung dich chudn vao chat
dinh phan. Sau d6 chudn d6 lugng thude thit R con du lai bAng mot thude thir khac R’
thich hgp. Dua vao thé tich va ndng dé cua cde dung dich chudn R va R’ va phudong
trinh céc phan vng, ta tinh duoe lugng chdt X hode nang dé clia né. Phuong phap chuin
d¢ nguge nay thudng duge stt dung d€ dinh lugng cdc chit tham gia cic phan dng xay
ra cham hoac khong cd chat chi thi thich hop d&€ x4c dinh X bang phan ting gita R va
X.

- Chudn d¢ thay thé: Cho chit dinh phan X téc dung véi mat hop ehat thich hap
khac MY d& tao thanh hop chat MX va giai phdng ra Y:

X+MY-MX+Y (b

Sau dd chudn d6 Y bang dung dich thudc thit thich hop roi dua vao ndng dd va thé
tich cia né d€ tinh lugng chat X. .

- Chudn d¢ gidn tiép: Cach chudn d6 nay dung dé€ dinh higng chit X khong tién
hanh chuén d¢ tryc tiép bang thude thi nao dd. Chuyén X vao mot hgp chat thich hgp
chia it nhdt mot nguyén td cd thé xac dinh truc tiép duge bing mot thude thit thich
hop.

-Chudn dé phan dogn: Trong mdt s§ trudng hop cd th€ chudn d6 Ian lugt cdc chat
X, Y, Z... trong cung mét dung dich bing mot hoae hai dung dich chuén.

2.8. Nong dé

Neng d6 la dai lugng dung d€ chi ham lugng cda mot cdu ti (phan tu, ion) trong
dung dich.

Sau day 1a cdc cdch bi€u dién ndng do trong hoa phan tich.

Nong do¢ thé tich: Nong d6 thé tich ctia mot chat long 13 ti s6 thé tich ctia chat léng
dé va thé tich cia dung moi ldn (thusng 1a nudc). Thi dy dung dich HCl 1: 4 1a dung
dich gobm 1 thé tich HCI dac (cd khéi lugng riéng d = 1,185g/ml) va 4 thé tich nudc.

Nong dé phan tram khéi luong: Nong d6 phan tram khéi lugng cda mét chat trong
dung dich 1a 56 gam ch&t dd tan trong 100 g dung dich. Thi du dung dich NaOH 25%
la dung dich chita 25g NaOH trong 100g, tic la dung dich gém 25 g NaOH va 75 g
nudc.

Thi du 1. Can hda tan bao nhiéu gam NaCl vao 100 g nudc d€ duge dung dich néng
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do 10%.
Dit a 1a s gam NaCl can hoa tan, ta cd:
a .
— 100 = 10; suyrac =11,111 g
a + 100

Thi du 2. C6 bao nhiéu gam H,80, nguyén chit trong 1 ml dung dich axit sunfuric
dac 98% cd khéi lugng riéng d = 1,84 g/ml? '
Dit a 1a s6 gam H,SO, can tinh, ta cd:

—f—— 100 = 98; suy ra ¢ = 1,803 g.
1,84
Nong dé mol: Nong d6 mol cia mobt chit 14 s6 mol chdt dd tan trong 1 dung dich.
Loai ndng d6 nay duge ki hidu bang chit M hodc mol/l hose mol.l"! dat sau chit s6 chi
$6 mol. Thi du: dung dich NaOH 0,1M tuc 12 dung dich chia 0,1 mol NaOH hoic 0,1 «
40 = 4,0 g NaOH trong 1 dung dich.
Né&u o la s§ gam chdt tan trong V lit dung dich va M la khéi lugng mol cua chit
tan dd thi ndng do mol Cy; duge tinh theo cong thie:

CM = a/M.V

Né&u V biéu thi theo ml, thi:

Cv= a.1000/M.V

Thi du: Can ldy bao bhiéu gam H,C,0,.2H,0 dé& dig¢u ch& 250 ml dung dich néng
d4 mol la 0,025M ?

Dat s6 gam tinh thé ngdm nuéc can lay 1a a, ta cd:

al000
0,025 = ——— ;suyraa = 0,7880 g
126.250

Nong dé duong lugng: Trude kia trong hda hoc ngudi ta thuyng dung khai niém
duong lugng va duong lugng gam nén trong héa hoc phan tich, dac biét trong phan tich
thé tich ngudi ta thuong dung loai ndng 44 nay. Vi dua theo dinh luat vé duong lugng:
trong mét phdn ing chudn do, cac chdt phdn ing voi nhau theo cing mot $6 mol duong
luong hode ciing moét s6 milimol duong luong, thi viée tinh todn k&t qua phan tich rat
thuan lgi va d& dang. Nhung ngay nay trén thé gi6i ngudi ta khong dung dén khai niém
duong luong va mol duong lugng nita nén cac nudc it dung khdi niém ndng do duong
lugng.

Nong ¢ duong lugng cia mot chat la 36 mol duong lugng (D) ctia chdt d¢ trong
mdt lit dung dich hodc s6 milimol (mD) cta chit dd trong 1 ml dung dich va thudng
duge ki hidu bang chit N dat sau chit s6 chi s6 ndng d3. Thi du, dung dich NaOH 0,1N
la dung dich chda 0,1 mol duong lugng NaOH trong 1 lit dung dich cua nd. Néu a la
56 gam chét tan trong V ! dung dich (hodc a la s6 mg chét tan trong V ml dung dich )
va D la khéi lugng mol duong lugng (D), dai lugng nay trudc kia duge goi 14 duong
lugng gam, thi ¢d thé tinh ndng dé duong lugng theo edng thic:

a

C.. =
N pv
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Néu ¢ bigu dién theo gam, con V theo ml thi:
al0oo
Cy = ———
N by

TU céng thue dd ta suy ra Cn-V 1a 86 mol duong lugng néu V tinh theo lit va 1a s6
milimol duong lugng ndu V tinh theo mililit.

Khéi lugng mol duong lugng D cia mét s6 chat 1a sd gam chit dd vé méat hda hoe
tuang duong vdi mot nguyén td hoae médt mol jon H* hoac OH~ hoac 1/2 mol oxi (Q).
Duang lugng mol cia moét chat khong phai 1a mét hing s6 nhu khéi lugng mol, ma thay
ddi tiy theo phan ding nd tham gia.

Thi dy, trong phan ng trung hoa cac don axit, don baza, ching han:

HC] + NaOH - NaCl + H,0

Duong lugng mol P cia HCI hoae NaOH bang khéi lugng mol cia cac chat d.
Khi chudn d6 cdc da axit, chng han H,PO,,bang dung dich don bazo manh, thi du
NaOH, thi duong lugng mol cia da axit phu thudéc vao nde chuin do. Néu chusn doé hét
nac thd nhat:
H,PO, + NaOH - Na,HPO, + H,0O

thi duong lugng mol cua H,PO, bang khéi lugng mol cta nd, B = M.
Né&u chuidn dé theo néc thu hai:
H,PO, + 2NaOH - NaH,PO, + 2H,0
thi duong luong mol cia H,PO, bang 1/2 khéi luong mol ctia né vi phan axit da duge
chudn d¢ tuong duong vdi hai mol H*. b = 0,5M.

Trong cdac phan \ing oxi hda khiu duong lugng mol cia mot chit oxi hda hodc mot
chit khir bang khéi lugng mol cta né chia cho s§ electron #» ma moét phan tit hoac mot
ion chédt dé trac ddi. Thi du, khi ta chusn d¢ dung dich Fe2* bang dung dich chuin
KMnO, theo phan wng:

MnOy + 5Fe** + 8H* > Mn2* + 5Fed* + 4H,0
thi duong lugng mol cia Fe2* (hodic ciia Fe hoac cda FeSO,) bing khdi lugng mol ciia
nd D = M va duong lugng mol cia MnO; (hodc cia KMnO,) bing 1/5 khsi lugng mal
cia nd & = 1/5M, vi trong phan ung dd:

Fe’* — le = Fe3*
va MnO7 + 5e + 8H* = Ma?* + 4H,0

Dé tim khéi lugng mol dudng lugng ctia mot chat trong phan ting oxi hda khi ta

khong cin phai viét ca phan uing nd tham gia ma chi can vist nia phan Ung cia nd.
Thi du:

Nia phan ing Duong lugng mol P
Fe?* — le = Fe3* D =M
28,037 — 2e = 8,02" D=M
As,0% + 5H,0 — 4e » 2As 03~ + 10H* D = 0,6M
MnO7 + 4H* + 3¢ - MnO, + 2H,0 b= M/3
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MnO; + 8H* + 5e —» Mn2* + 4H,0 b = M5
Cr,02" + 6e + 14H* » 2Cr** + TH,0 D = M/6
Thi du: Can ldy bao nhiéu gam tinh th& ngam nudc H,C,0,H,0 (M = 126) dé pha
ché 250ml dung dich chudn H,C,0, 0,05N dung dé x4c dinh ndng do dung dich KMnO,.
Vi:
C,03" - 2e = 2C0,
nén ducng lugng mol cia axit oxalic b = 0,5M = 63 g
0,060 = 63 x 0,05

Luong tinh thé cin can dé pha 250 ml dung dich 0,056M la:
63 x 0,05

x 250 = 0,788¢g
1000

D6 chudn

D& chuédn 1a s§ gam (hoac miligam (mg) chat tan trong 1 ml dung dich. N&éu a la sé
gam chdt tan trong V ml dung dich, thi 46 chudn T = a/V

D6 chudn theo chdt dinh phan

Da chuin theo chit can dinh phan la s3 gam chit can dinh phan (ion, phan td hoac
nguyén tir) phan dng dung véi 1 ml dung dich chudn va duoe ki hiéu la Ty, trong dé
R 1a thudc thi, X 1a chdt can dinh phan. Cach bi€u dién néng do6 loai nay rit thuln tién
cho viéc tinh toan két qua phan tich, dic biét khi phan tich bang loat mau tai cdc phong
thi nghiém nghién cdu va san xuét.

Thi du: Tinh d6 chudn cia dung dich chudn KMnO, 0,02M theo sit, khi chuan dé
Fe?* theo phan vng:

MnO; + 5Fe?* + 8H* » Mn?* + 5Fe’* + 4H,0

Theo phuong trinh phén ng chuédn do trén, ta co: 1 mol MnO; phan ving véi 5 mol
Fe2t. Trong 1 ml dung dich chudn KMnO,0,02Mco chwa 0,02/1000 = 2. 105 mol
MnO; vi do dé 1 ml MnOj dd phan ung vdi 5 x 2 x 105 = 104 mol Fe?* hoac
104 x 56 = 5,6 x 103 g Fe. Do d¢:

Tymnoy 0.02 MAC ™ 0,0056 g Fe.ml

Nong do (hogc ham luong) phén triéu v phan t

D6i véi cac dung dich rdt loang hodc cédc ham luong rat nho ngudi ta thudng dung
cac khai niém nay.

Phan triéu (thudng duoge k{ hiéu }a ppm: ti&ng Anh la parts per million) la 88 micro
gam cd trong mdét gam hoac 1 micro gam chét tan trong 1 gam dung dich. M&t cach
téng quat ta cd:

Khéi lugng chit tan (g)

Copm = - - x 10° ppm
Khéi lugng dung dich (g)

Thi du: Dung dich Au** ndng d¢ 1 ppm, tic 1a dung dich cd chia iug Au trong 1 g
hoiac 1 mg Au trong 1 kg dung dich. D6i vdi cic dung dich nuéc rat loang thi cé thé coi
gan ding khéi lugng riéng cia nude bing 1g/ml hoac 1 kg/l. Do &6, 1 ppm = 1 ugiml
hoac 1a 1 mg/l.
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Déi véi cde dung dich loang hon, ngudi ta dung phan ti ki hiéu ppb (parts per billion)
Khéi lugng chét tan (g) .
C})Ph = X ].0J ppb
Khéi lugng dung dich (g}

2.9. Cdch tinh két qua trong phan tich thé tich

Viéc tinh két qua phu thuéc vao cach bigu dién nong d6 va cach phan tich. Nguyén
tac chung la dya vao dinh nghia noéng do, phuong trinh phan ¥ng chuan do hoac¢ dinh
luat vé duong lugng ma tinh két qua phan tich.

Truong hop chudn d¢ tryc tiép _

Céch tinh theo ndng dé mol. Duya vao thé tich, néng do dung dich chuédn va phuong
trinh phin dng chusn d¢ dé tinh duge lugng chit can phan tich theoc s6 milimol hoic
$0 mol. :

Thi du 1: Tinh nong d¢ mol clia mot dung dich NaOH biét ring khi chudn do 20 ml
dung dich d¢ thi phai ditng vita hét 22,75 ml dung dich HCI1 0,1060 M.

Phan ung chudn d¢: NaOH + HCl » NaCl + H,0

56 milimol NaOH biang s6 milimol HC)

Craar) X 20 = 0,1060 x 22,75
Suy ra: Crnaon = (0,1060 x 22,75) : 20 = 0,1206 M

Thi du 2: Khi chudn d¢ 0,2275 g Na,CO, tinh khiét dén CO, phai dung vira hét
22, 35 ml dung dich HCI. Tinh nong d6 mol cta dung dich HCI dg,

Phan dng chuin dé: Na,CO,; + 2HCl - 2NaCl + CO, + H,0

> mol Na,CO, biang 0,5 s6 mol HCI.

) mol HCI = (0,2275 : 106) x 2

Nong d6 dung dich HCI = C; o, = (0,2275 : 106) x 2 : 0,02235 = 0,1920 M.

Cdach tinh theo nong d duong lugng. Khi tinh theo nong d6 duong lugng thi can
dua vao dinh luat vé duong lugng la: S5 mili duung lugng mol cta dung dich chudn bang
s6 mili duong lugng mol chit can xdc dinh d4 phan dng véi nhau. D& tinh dude khdai
lugng cac chdt da phan dng phai bist khai lugng mol dudng lugng cta cic chit do.

Thi du 3: Tinh bdng d6 duong lugng cua dung dich Na,S$,0;, biét rang khi them
lugng du dung dich KI tinh khiét vao 20 m) dung dich K,Cr,0, 0,05N chda axit sunfuric
lam moi truong thi chudn d6 lugng I, thedat ra bang 19,80 ml dung dich Na,S,0, do.

Mili duong lugng mol Na,3,0; = 19,80 «x NN"?. :
KyCr0; = 20 x 0,05. Do d6 Ny, g, = (20 x 0,05) :

Cach tinh theo d¢ chudn chdt dinh phan.

wn w
(=T o,

5,0, = 56 milimol duong lugng
980 = 0.0506 N.

Thi du 4: Tinh ham lugng phan tram sit trong quing, biét rang sau khi hoa tan
0,5170 g quang, khit hoan toan Fe(III} thanh Fe(II}, réi chudn dé Fe(Il) bang dung dich
chudn KMnO, ¢d do chudn theo Fe la 5,620 mg/ml thi dung vita hét 57,20 ml dung dich
chuin dd.

Theo dinh nghia thi I ml dung dich chuan KMnQ, oxi hda duge 5,620 mg Fe2*, Vay
ludng Fe cd trong quang la 5,620 x 37,20 mg.

Phan tram caa Fe la {(5,620 < 37,20} : 517] x 100 = 62,18%
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Truong hop chudn do nguge.

Thi du S: D& dinh lugng Cr trong thép, ngusi ta phan huy 1,075 g mau thép thanh
dung dich rdi oxi hda hoan toan Cr3* thanh CrO%~. Sau dd thém vao 25 ml dung dich
chudn FeSO, 0,0410 M va lugng dung dich axit sunfuric loang da lam maoi truong. Lugng
Fe(II} du duac chudn d6 bang 3,70 ml dung dich KMnO, 0,040011. Hay tinh ham lugng
theo % khéi lugng cia Cr trong thép.

D& tién lgi ta tinh theo nong dé duong lugng. :
Nong d6 duong lugng cia dung dich chuin FeSO, béng nong 46 mol cua nd bang
0,0410N. Nong do duong lugng cia dung dich KMnO, bang 0,0400 x 5 = 0,2N.
S8 mili duong lugng mel CrO2~ tic dung véi Fe?* la:
25 x 0,0410 — 3,7 x 0,2
S6 duong lugng mol Cr trong miu thép bang:
25 x 0,0410 — 3,7 x 0,2

1000
Khéi lugng mol duong lugng cha Cr la M:3. Phan tram Cr trong thép la:
25 x 0,0410 — 3,7 x 0,2 52 100
x x = 0,4595 %
1000 3 1,075

Trudng hop chudn dé gian tiép

Thi dii 6. DE dinh lugng chi (Pb) trong quang ngudi ta phan hiy 1,1050 g mau quang
thanh dung dich. Tit dung dich dd thuc hién quy trinh lam két tha dinh lugng chi trong
mAu thanh PbCrO,. Sau dé hoa tan PbCrO, bing dung dich hén hop HCl + NaCl du.
Thém vao dung dich mot luong du KI va cudi cing chudn do lugng I, thodt ra bing
24,20 ml dung dich chuin Na,S,0; 0,0962N. Tinh ham lugng chi trong quiang theo %
khoi luong.

Céc phan #ng chinh ciua qua trinh dinh lugng:

Cr03~ + Pb?* ——  PbCro, | (a)
2PbCr0, + 2H* + 8Cl=— 2PbCE~ + Cr, 03~ + H,0 (&)
I, + 28,03~ — 217 + 5,0} (c)

+ Tinh theo ndong d6 mol
Theo cdc phuong trinh phan ng (a), {(b) va (c), 1 mol Pb?* phan ung vai 3 mol
$,0%7. 88 mol Pb2* trong méu la: (24,2 x 0,0962) / (100 x 3). Vay ham lugng % khé&i
Iugng chi trong quang la:
24,2 x 0,0962 x 207,2 x 100

= 14,556%
1000 x 3 x 1,105
e Tinh theo néng d6 duong lugng
Trong trudng hop nay khéng cin phai viét cac phuong trinh phan uing d¢ thuc hién
viée tinh két qua vi theo dinh luat vé duong lugng, cac chat phan dng vdi nhau theo
nhing duong lugng mol bang nhau, tic 1a s6 dugng lugng mol cla $,0%~ bang s6 duung
luong mol cia Pb2*, Vi mot ion Pb?* tao nén mot phan td PbCrO, ma Cr032~ bj khit
thanh Cr3* véi su nhan 3 electron, nén duung lugng mol cha PbCrO, bang 1/3 khdi
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lugng mol cia nd, vi vay cong thie tinh trang vdi cong thie dau tinh theo nong do mol.
2.10. Cach diéu ché& cdac dung dich

Chdt gée

Nhirng chédt théa man cac digu kién dugi day va dung dé&€ digu ché cac dung dich
chudn duge goi ta chidt gée.

a- Chdt géc thude loai phan tich hogc tinh khiét hda hoc. Luong tap chat trong nd
nhé han 0,1%, néu lén hon phai tign hanh tinh ché lai.

b- Thanh phan hda hoc phai ung ding voi mot cong thue xic dinh ké ca nudc két
tinh.

c- Chét géc va dung dich cta nd phai ben

d- Khéi luong mol phan tif cda chat cang 16n cang tat d& gidm sai s0 khi digu ché
dung dich chuah.

Thi du. Céac chdt sau day 13 cac chét géoc: K,Cr,0,, H,C,0,. 2H,0; Cédc kim loai
nguyén chdt Cu, Ag, Au v.v... Nhigdu hda chat, chang han cde mudi kim loai két tinh
ngam nudc khi nhan vé phong thi nghiém dusi dang cic Io dudge bao quan cdn than,
trén nhan dé chat lugng cao nhu tinh khigt phan tich hodc tinh khist hoa hoc nhung
sau mot thui gian bi thay d8i thanh phan do hut &m d2u khéng phai 1a chat goe.

Didu ché'cdc dung dich chudn

Né&u ¢d chdt gée thi can mot luong xdc dinh chat d6 trén ean phan tich cd dé chinh
xac 0,1 hoae 0,2 mg, hda tan dinh lugng lugng can treng binh dinh mic ¢6 dung tich
thich hap rdi pha loang bing nudc téi vach muec. Thi du, d€ diéu ch& dung djch chuan
Na,CO; 0,1M, cin can 106,0000 x 0,1 = 10,6000 g chat dd hoa tan thanh 1 / dung dich
ding nudc cit hai lan mdi cdt va binh dinh muc dung tich 1 1.

Néu khong cd chit gbe thi trude hét disu ché dung dich c6 néng do gan ding, sau
dd diing chat gée hodc dung dich chudn thich hgp d& x4c dinh lai néng do. Thi dy, ding
dung dich chuidn H,C,0, biét chinh xic ndng 46 {dung dich duge diéu ché tir chit goe
la H,C,0,. 2H,0) d¢€ xdc dinh lai ndng 46 cua dung dich NaOH méi pha ¢ nong do
gin ding.

Pidu ché dung dich tit dung dich co nong d¢ khic

Trong truitng hop khong cd hda chit tinh khist ma chi cd dung dich ¢d ndng do 16n
thi cd th& tién hanh didu ¢ché dung dich chudn bang cach pha loang dung dich cd néng
49 dd thanh cdc dung dich ¢6 ndng d6 mong mudn. D& tidn hanh pha loang can ding
nudc cdt va cac dung cu do thé tich chinh xic nhu buret, pipet va cdc binh dinh miic,

Néu C), C, va V|, V, 1a néng d6 va thé tich dung dich trude va sau khi pha loang,
ta cé:

C, x vV, = ¢y x V,

S5t dung phwong trinh nay c6 thé tinh duge thé tich cac dung dich khi tién hanh
pha loang. Can chd y rdng cic nong d¢ C, va C, phai cung thid nguyén va cac thé tich
Vs V; cang phai cung thv nguyén,

Thi du: Phai 1y bao nhiéu ml dung dich HCI 0,1250M d& pha 1{ dung dich HCI
0,1000M.

Dat thé tich HC] 0,1250M can lay la V, ta cé:

0,1250 x V, = 0,1 x 1000
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Suy ra V, = 800 ml.

Lay 800 ml dung dich HCl} 0,1250M cho vao binh dinh mite 1 rdi thém can than
nudc cat hai lan dén vach mic va lac déu dung dich trong binh ta sé duge 1/ dung dich
HCl 0,1000M.

Né&u C, va C, 1A ndng db bidu thi bang % khéi lugng thi cAn phai biét khéi luong
riéng cta dung dich d¢ (chi diing eong thic C, «V, = C, x V, khi cdc nong dé 1a mol/l
hoac nong 46 duong lugng hodc dé chudn).

Thi du. Can ldy bao nhidu ml} dung dich axit sunfuric dac 98% e¢d d = 1,84 g/ml dé
pha mét lit dung dich H,80, 5% c6 d = 1 g/ml.

Dat thé tich dung dich axit dac can lay 1a V| ta cd:

V, x 1,84 x 98 =1000x1x5

Suy ra, V| = 27,73 ml.
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CHUONG 3

AXIT VA BAZO
" PHAN UNG TRAO POl PROTON

3.1. Dinh nghia

Dinh nghia axit va bazu cia Bronsted.

Cé nhidu dinh nghia v# axit va bazo. Truée day ngudi ta thudng sit dung réng rai
dinh nghia ctia Arrhenius. Theo dinh nghia d6 axit 1a chéat khi hoa tan vao nudc phan
li thanh ion (H*) va anion con bazo thi phan N thanh jon hidroxyl (OH™) va cation.
Nhung dinh nghia nay khéng téng quat vi chi ap dung cho mét s6 loai chat va khi dung
méi la nude.

Nam 1923 nha bac hoe Dan Mach J.N. Brionsted dé ra mét dinh nghia tdng quat
hon nhu sau:

Axit 1a chdt cd kha nang cho proton va bazg 1a chat c6 kha nang nhan proten.

Méi axit sau khi cho mét proton trd thanh mét bazd goi 1a bazd lién hgp vdi axit
dd. Mot cap axit - bazo lién hop duge bigu dién bing hé thuc sau:

Axit —/= H?'* 4+ Bazog

Proton khéng cd kha ning tbn tai & trang thai ty do, vi vAy mot chét chi the hién
ré tinh axit hoac bazo trong dung moi ¢d kha nang nhan hodc cho proton.

Nudc la dung méi vita cd kha nang cho vita ¢ kha nang nhan proton, nén cac bazg
va axit c6 thé thé hién tinh chét cta ching trong nuéc.

Bazo + H,0 == Axit + OH~
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Thi du: NH, + H,0 == NH; + OH"~
{bazo} (axit,) (axit,) {(bazd,)
Axit + H,0 == Bazo + H,0"

Thi du: HF + H,0 == H;0* + F~

(axitl) (bazdz) (axitz) (bazol)

Cac thi du khac vé cidp axit - bazd lién hgp trong nuge:
NH; + H,0 == NH; + H,0*
H,PO, + H,0 == H,PO; + H,0*
CN™ + H,0 —=— HCN + OH~™

CH,C00~ + H,0 == CH,;COOH + OH™
Theo quan niém cg di€n thi NHF, H,PO; khong phai la cac axit; CN-, CH,CO00~
khong phai 14 cdc bazo ma la cac cation va anion cua cac mudi thiy phan. Nhung theo
dinh nghia ctia Bronsted thi cic ion dd la nhiing axit va nhiing bazg va phan dng thay
phan chinh 1a phan dng cla axit (NHF, H,PO;) hoae bazo (CN-, CH,CQO™) vdi nude.
Tuy theo ban chit ctia dung mai, mot chit cd thé th& hién tinh axit hodc bazo.
Thi du: Trong nudc CH,COOH la axit vi nd cho nude proton tao thanh bazag lien hop
CH,COO~:
CH,COOH + H,0 = CH,CO0~ + H,0!
(axit) (bazc 1.h}

Nhung trong hidro florua léng (H,F,) thi CH,COOH lai la bazo vi né nhan proton
cta dung moi dd d&€ tao thanh axit lién hop:

CH,COOH + H,F, === CH,CO0H] + HFy
(bazo) {axit 1L.h)

Nhu vy, qua cdc vi du trén, ta thay dinh nghia axit, baze cia Bronsted téng quat
hon dinh nghia cta Arrhenius va ¢6 wu di€m 14 néu ré dudc vai tré cta dung méi.

Trong chuong nay chding ta chi dé cap nhigu dén cdc phan dng axit - bazg trong
dung mai nudc. '

e Tich sd ion cia nude
Nudce 1a mot dung moi tu proton phan, tic Ja nd vita la mot axit vira la mot bazo:
H,0 + H,0 === H,0" + OH~
Hang s cAn bing ciia phan dng dd la:
[H30+].[OH“ ]
[H,0]?

Nuéc phan li rat it, [H,0] dugce coi 1a hang s6, vay:
K[H,0}? = kg0 = [H,0*][OH™] {(3-1)

ky;.0 duoc goi 1a tich so ion cia nuoc NG 12 mot hang s8, chi phu thude vao nhiét
do, khong phu thudc vao nong do cia cac ion H* v OH™ trong dung dich nude. O 25°C
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tich s6 ion cta nuéc kHZO = 10-1%. Ngusi ta con thuing ding pkHzO = —lg}euzo = 14.
o Cudng do cita axit va bazo. Hang s6 axit K, va hing s6 bazo K. :
Mot axit khi duge hoa tan vao nudc s8 nhudng proton cho nudc theo phan ing:
A+ H,0 ==B + H,0* (a)

trong dd, A la axit, B 1a bazo lién hgp vai A. Céng thic H;0* chi proton bj hidrat hda
va duge goi 14 hidroni hoac oxoni.

Axit cang manh tic l1a nhusng proton cho nyéc cang nhidu, tuc l1a hang s6 can bang:
[B][H;07)

(A][H,0]

cla can bang (a) d¢ cang lén.

Nong d cha nuée, H,0 x4p xi bang 1000/18 = 555 M 1a tuong d&i 16n so véi nong
44 can bang cha cdc ion va phan ti khdc trong dung dich, nén ¢6 thé coi khong d8i va
ta cd thé viét:

B o
LG B, (3:2)

K[HZO] = [A] H]

K, dugc goi 1a hidng sd axit va bidu thi cudng d6 cua axit, vi K, cang lén, axit cang
manh. D€ tién cho viée tinh toan, ngusi ta thudng con dung pK, = —IgK, thay cho K.

Thi du: Axit axetic CH,COOH c¢ K, = 1,74.10°5, PK, = 4,76 manh hon axit
zianhidric HCN c¢6 pK, = 6,2.10°10, pK, = 9,21.

Béi véi cdc axit manh phan li hoan toan trong nudce (thi du: HCI, HNO,, HCIO,...)
thi K, coi nhu bing +«.

Mot baze khi duge hoa tan trong nudc s& nhan proton cta nude theo phan ing:

B+ H,0 == A + OH- (b)

Bazo cang manh tic 12 nhan proton cta nude cang nhidu, can bing (b) chuyén va
phia phai cang nhisu, tic la hing s6 can bang:
[A][OH"}
K= ———

[B](H,01

cua nd cang ldn. Trong cac dung dich nudc lodng ndéng do [H,0] cé thé duge coi nhu
khéng d8i, nén cd thé vist:
[AJ[OHT]
K[H,0] = ——— =Kk, (3-3)
(B]

K,, dugc goi 1a hang s6 bazo va bigu thj cudng do cha bazo. Ngudi ta cung dung pK,
= —lgK,,. . : '

Thi du: NH; cd pK, = 4,76 1a bazo manh hon hidrazin cg pK,, = 6,01. D6i vdi csc
bazo manh (nhu KOH, NaOH..) phan li hoin toan trong nuée thi K, vo6 clng lén coi
nhu bang + .

Cé nhiing axit ma phan tit chdia 2 hoac hon 2 proton cd thé tach ra duoe trong
nude. Nhing axit dé duge goi la da axit. Trong nudc phan td cla cic da axit phan li
lan lugt theo nhigu nic va méi ndc cho nude mdt proton. Ung véi méi ndc cd mot hing
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s6 axit. Thi du: axit photphoric H,PO, phéan li theo 3 nfc va cé 3 hang s6 axit 1a K,
K, va K, tuong dng véi cdc nic do.

H,PO, + H,0 == H,PO; + H,0" pK, = 2,12
H,PO; + H,0==HPO; + H,0* pK, = 1,21
HPO; + H,0 ==P0O3~ + H,0° pK, = 12,36

Twong ty nhu trén cé nhiing da bazo la nhitng bazo ma phan ti khi cho vao nude
1an lugt nhan mot, hai, ba proton theo cac ndc khdc nhau. Thi du: PO}“ Ia mot da bazo:

PO}~ + H,0 ==HPOI~ + OH~ pK,, = 1,64
HPO2~ + H,0==H,PO; + OH- pK,, = 6,79
H,PO; + H,0 ==H,PO, + OH" pK,, = 11,88

o Quan hé giila hang s6 axit va héng s6 bazo ciia mot cgp axit - bazo lién hop:

Gia st A la axit va B la bazo lién hgp vdi A, nhu CH,COOH va CH;COO™ hoac
NH} va NH,. Nhan cic hang s5 K, va K, v6i nhau, ta co:
_ [BJ[H,0")(AJOH"]

B T )

= [H;0'[OR7] = £, , (B34

hodc pK, + pK, = pk;_, = 10 ¥ & 25°C.

Nhu vay, tich gita hang s axit va hé;g s6 bazo clia mot cap lién hop bang tich sé
jon ciia nudc. Vi tich s6 ion cta nudc la hing s6 nén hang sd axit cang lon (axit cang
manh) thi hing sé cla bazo lién hgp cang nhé (bazo cang y&u) va ngudce lai. Biét dugc
mot trong hai dai lugng ta tim dude dai lugng kia. Thi du: bi&t pK, cua CH,COOH bang
4,76 thi tinh duge pK, cia CH,COO~ bang 14 ~ 4,76 = 9,24

3.2. Phuong trinh bdo toan proton

Phuang trinh bao toan proton cta mot dung dich axit - bazo 1a phuong trinh bigu
dién su trao d8i proton clia cic axit bazs ¢d trong dung dich dé qua cdc néng d6 can
bing ctia cac cdu tit trong dung dich: s6 mol proton cac axit cho ludn bang sé mel proton
cac bazg nhéan.

Sau day la mét s thi du:

Thi du I: Phuong trinh bao toan proton clia nudc nguyén chat.

Trong cic nguyén chit chi cd mét cAn béng trao ddi proton:

H,0 + H,0 == H,0* + OH"

S mol proton nudc nhan la [H,0*] bang s6 mol proton nuée cho {OH~] vi 1 phan
t# nuéc khi cho di 1 proton thi bi&n thanh jon OH™ nén phuong trinh bao toin proton
la:

_ [H;0%] = [OH7]

Thi du 2: Xét dung dich HCI néng 4o C mol/lit.

Trong dung dich c¢6 2 axit 12 HCI va nude va 1 bazo la nude. Trong dung dich d6
x4y ra cic qud trinh sau:

HCI + H,0 == H;0* + CI”  (a)
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H,0 + H,0 == H;0" + OH- ()
36 mol proton nudc nhan bing s6 mol proton HC| cho va nuée cho:
' [Hy0%] = [OH"] + [CI7)
=[OH7} + C
Thi du 3: Xét dung dich hén hop HCI C\M + CH,COOH C.M.

Trong dung dich ¢6 axit manh HCI, ax1t yéu CH,COOH va bazo yéu H 0, axit y&u
H,0 nén xay ra cic qud trinh sau:

HCl + H,0 == H,0* + CI- (a)
CH;COOH + H,0 == CH,CO0~ + H,0* (b)
H,0 + H,0 - H;0* + OH- (c)

36 mol proton nudc nhan bing s6 mol proton 3 axit cho nén:
(H,0%] = [OH™] + [CI7}] + [CH,CO07]
{OH"] + C, + [CH,CO0™]

Thi du 4: Xét dung dich NH,.
Dd 12 dung dich ctia 2 bazo (H,0, NH,) va mét axit (H,0):
NH, + H,0 == NHy + OH™ (a)
H,0 + H,0 == H,0* + OH~ (b)
86 mol proton cic bazd nhén bang s6 mol proton axit cho:
[H,0%] + [NH}] =[OH"]
Thi du 5: Xét dung dich hén hop CH 47C00~ va CN—.
Trong dung dich ¢6 3 bazo va mot axit, nén x4y ra cdc can bang:
CH,CO0~ + H,0 == CH,COO0H + OH~ (a)
CN~ + H,0 — HCN + OH™ (b)
H,0 + H,0 == H,0" + OH™ ()

Téng s6 mol proton ma cdc bazg nhan biang s6 mol proton nudc cho nén phuong
trinh bao toan proton la:

(CH,COOH] + [HCN] + {H;0%] = [OH™)
Thi du 6: Xét dung dich H,PO,.

Dung dich gom 2 axit: da axit (HyPO,), don axit va don bazo (H,0) nén trong dung
dich ¢ cdc can bang sau:

H,PO, + H,0 == H,0* + H,PO; (a)
H,PO; + H,0 == H,0*+ HPO;- (b)
HPO™ + H,0 == H,0* + PO}" {c)
H,0 + H,0 == H,0*+ OH" ()

Phuong trinh bdo toan proton cta dung dich nay:
[H,0%] = [OH"] + [H,PO;] + 2[HPO] + 3[PO}]
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Thi du 7: Xét dung dich da bazo CO{~ (Na,CO,).
Cdce can bAng trong dung dich nay:

CO2~ + H,0 == HCOj + OH~ (a)
HCO; + H,0 == H,C0, + OH~ (b)
H,0 + H,0==H;0* + OH~ (c)

Phuong trinh bao toan proton cia dung dich:

[H,0°] + [HCO;] + [H,CO,] = [OH™]
Thi du 8: Xét dung dich NH,CH,COO.
Trong dung dich nay cd cdc cin bang sau:

NH; + H,0 == H,0* + NH, (a)
CH,CO00™ + H,0 == CH,COC0H + OH™ (b
H,0 + H,0 == H;0" + OH" (c)

Phuong trinh bao toan proton cua dung dich ia:
[H,0%] + [CH,COOH] = [OH™] + [NH,]
3.3. pH cua dung dich hé don axit - bazd trong nudc
DE tinh ndng do can bing cta jon H,0%, d€ tinh pH cia dung dich cac hé axit -
bazg trong nude ndi chung, ta can biét cac qua trinh trao d6i proton xay ra trong dung
dich r6i dua vao phuang trinh bao toan proton, phudng trinh bi€u dién cdc hang s8 axit,
hang s6 bazo va phuong trinh bao toan khéi lugng cla cac cdu tit trong dung dich dé
thiét 1ap phuong trinh cho ndng do can bang cda ion H;0
3.3.1. pH ctia cdc dung dich axit munh
Cac axit manh thudng gap déu la don axit nhu HCI, HNO,, HBr, HI, HSCN,
HC10,... chi trit axit sunfuaric 12 da axit (H,80, ¢d K| = +o va K, =109
Gia sl cd dung dich axit manh HA nong do C,. Trong dung dich nay cd hai qua
trinh:
HA + H,0 —— H,0* + A~
H,0 + H,0 —= H,;0" + OH~
D& don gian hda, tit day ta thay H,O* bang H*, nén hai qua trinh trén cd thé duage
viét nhu sau:
HA - H'+ A~  (a)
H,0 = H* + OH~ (b}
Phuong trinh bao tean proton cia dung dich la:
[H*) = [A7] + [OH7] (&
Phuong trinh d6 cing chinh la phuong trinh trung hoa dién {trung dung dich bat
ki tdng dién tich duong luén luén bang tdng dién tich am).

kl’[zo

Thay [A7] = C, va [OH7] = H+— vao (c), ta cd:



v

CO SO HOA HOC PHAN TiCH 37

k
[HY] = ¢, + —22 (3-5)
[H*]
hoac [H*R = C\[H'] =y = 0 (3-5")

Phuong trinh (3-5’) trén la phuong trinh téng quat dé tinh nbng d6 can bang ion
H* cta dung dich bit ki don axit manh nao, Nhung trong thuc t& ¢ th€ don gian héa
phugng trinh d¢ trong nhitng digu kién sau:
Neéu C, tuong déi 1dn hon 10-7M (thudng nhu vay) thi ¢ thé b qua [OH™] canh
C, trong phuong trinh (c) va do dg:
(H) = €4 (3-6)
Thi du: Néu C, = 10% va & nhiét 46 25°C ta bo qua [OH™] canh C,, thi [H*] = C,
10-13
10—6
bé 'qua {OH™] canh C, thi sai s chi bing:

= 10, Nhu vay pH = 6 va [OH"] =

=108 va viéc bé qua [OH™] 1a hop If vi khi

108 x 100
106

= 1%

Néu C, > 10 ma dung céng thic (3-6) thi sai s6 con nhé hon nia, Nhung néu C,
x&p xi 10-7 thi phai tinh [H*] bing cach giai phuong trinh (3-5') vi trong trung hop
nay khong thé bo qua [OH™] canh Cas tic 1a phai k€ dén su phan li ciia nude.

Thi du: Néu ¢ 25°C va C, = 1077M thi sau khi giai phuong trinh

[H*)2 - 107 - 1014 = ¢
sé tinh duge [H*] = 1,26.107 va pH = 6,79.

Néu ¢ 25°C va C, = 10'3M thi sau khi giai phuong trinh bac 2, ta s& tinh dugc (H*)
= 10990 ya pH = 6,91,

Néu €, nhé hon 10-8M, thi cd thé bo qua C, canh [OH™] va coi pH = 7, tic la
nong ¢¢ axic khong dang ké so véi su phan li cua nudc.

3.3.2. pH ctiu cde dung dich bazo manh

Gia sit cd dung dich bazs manh (thi du KOH, NaOH) néng da Cy

NaOH Na* + OH~ (a)
H,0 + H,0 === H,0* + OH" (b)
Phuong trinh bdo toan proton cda dung dich nay:

[H*} + €y = [OH"] (3-7
kl[ 0
Thay [OH™] =—2 v3o (3-7), ta ed:
(H]
[(H*P + Cy[HY] - ky,o = 0 (3-8)

Phuang trinh (3-8) 1a phuong trich téng quat d¢ tinh nong d6 can bang cua ion H*
trong bat ki dung dich don bazo manh nao. Cing nhu d6i voi dung dich axit manh, trong
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nhidu trutng hop ta khong cin phai giai phuong trinh bac 2 dé dé€ tinh pH cla dung
dich bazo manh. Néu Cp = 10, ta cd thé bdé qua [H*] canh Cj va cd:

[OHT] = Cy
[HY] = Hy0 ky,0
[OHT] €y
PH = pky,o + logCy (3-9)

Thi du: - Néu & 25°C va Cp = 10M thi:
pH = 14 + logl0* =14 - 5 =9

- Né&u gia tri Cp xép x1 10-7 thi giai phuong trinh (3-8) dé tinh [H*].
- Néu Cg = 10-"M thi giai phuong trinh:

[H*]? + 107[H*] - 101 =0
ta s& duge [H*] = 6,28.10%; pH = 7,21
- Néu Cg = 108 thi giai phuong trinh:
[H*? + 10¥[H*] — 1014 = 0

ta s& duge [H*] = 9,5.10%; pH = 7,02
- Néu Cy; < 10® thi bs qua Cy canh [H*] va ta c6 pH = 7 6 25°C
3.3.3. pH cidu cic dung dich don axit yéu
Gia sit c6 dung dich axit yéu HA néng d6 C,.
Trong dung dich nay cd hai can bang sau:

HA == H* + A~ (a)
H,0 == H* + OH~ (b)
D& tinh pH ciia dung dich, ta cé thé di tit phuong trinh bao toan proton:
(H') = [OH™ + {A7] (©
Phuong trinh bao toan khéi luong véi HA:
[HA'] + [A7] = Cy (d)
va phugng trinh clia héng s8 axit cha axit HA:
{H*][A7]
— =K, (e}
[(HAJ
{HA]
Tt (e} = {H+] = Ka —:— (f)
[A7]
Tir te) > [A"] = [H*] - [OH"] )

Tu (d) va (¢) = [HAT) =C, -~ [HAT] = C, - {H*]+ [OH™] (g}
Thay (¢’) va (g) vao (f}, ta duge:
C, - [H*Y] + [OH7]

(H'] = K,
[H*) - [OH"]

(3-10)
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Phuodng trinh (3-10) la phuong trinh tdng quat dé tinh [H*] ctta dung dich axit y&u
bat ki nao, nhung lai 1a phuong trinh bac 3 theo [H*], nén khong gidi dude mot cach dé
dang. Trong thuc t& phuong trinh dd oS the duge don gian hda thanh phuong trinh bac
2 trong nhitng trudng hop cd thé bé qua nhitng néng d6 nho bén canh nhiing nong do
lan.

a) Néu [OH™] << [H*)], tic la coi nuéc phan li khong ding ké [didu nay rit thudng
gap vi ngay trong nudc nguyén chit nude da phan li r&t kém((H*] = 10-7M) nén trong
dung dich HA, su ¢6 mat ctia ion [H*] ctia can bang (a) da 1am cho can bang (b) chuyén
sang phia trdi, tdc 1a lam giam sy phan li cda nudc, thi phuong trinh (3-10) s& duge
don gidn hda thanh: '

Cc. - +
[H'] = K, La Z 1 (3-11)
[H*]

b) Néu [H*] << C,, tic coi HA phan li khéng dang ké thi phuong trinh trén chi

con lai la:

[H*)? = K.C, va [H*] = \/Kac__; (3-12)

1 1
va pH = 5 pK, — 3 lgC, (3-12")
Thi du I: Tinh pH cla dung dich axit axetic CH,COOH 0,1M. Axit nay c¢ PK, =
4,75. '
Trong trudng hgp nay ta ¢é du digu kién d€ 4p dung cong thite (3-12)

1
PH = 5 (475 - 1g0,1) = 2,87.

Thi du 2: Tinh pH cua dung dich muéi amoni NH; 0,1M. Biét NH, cd pK, = 4,75
NH{ 1a axit lién hgp cta NH,:
NH; + H,0 == H,0" + NH,
Ky,o 1071

V A = = = '9|25_
S
3

Ap dung cong thic (3-12'), ta co:
pH = 0,5 x 9,25 - 0,5.1¢0,1 = 5,13.

Vai gia trj cia [H*] = 1053 ta thdy cac didu kién dé dp dung phuong trinh (3-12")
déu duge thoa man.

Thi du 3: Tinh ndng d6 ion H* va pH cha dung dich axit salixilic 10-3M. Biat axit
co pK, = 3.

Déi v4i dung dich nay, ta chi bd qua duge sy phén li clia nude chi khong b qua
dugc su phan li cda axit vi pK, cla nd tuong d6i 16n. Nén dé tinh PH ta 4p dung phuong
trinh (3-11):

. 3 103 - [HY)
[H*] = 10
[H*]

hoac . [H*]? + 103H*} - 106 = 0

L]
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Sau khi giai phuong trinh nay, ta duge: {H*] = 6,2.10"%; pH = 3,21.

Chung ta hay tinh bifu thic ndng do can bing cia HA va A~ trong dung dich axit
HA nbng d6 C,.
Ta sit dung hai phuong trinh:
(HA]+ [A™] = C, (a)
[H*][A7]
.. -8y (b)
[HA]
cd thé viét (b) dudi dang:
(A7) K,
(HA]  [H]
va cd thé bign d8i thanh:

(b")

[A7] K,
[HA] + [A™]  [H'] + K,
(A™] K
c, (HY] + K,

C.K, |
Tit d6 suy ra: [A7] =——— (3-13)
(H] + K,
C.[H*]

[HA] =H+A—K- (3-14)
+ K,

H]

Theo cac bidu thdc (3-13) va (3-14), sy phan li cia HA phu thuéc vao cudng do clia
axit dd, dugc dac trung bang dai lugng K, va ndng d¢ C, cda dung dich.

Do dien li @ ctia mot dung dich axit HA duge dinh nghia bing ti s6 ndng 46 [AT)/C,,
theo (3-13) béang:

Kﬂ
gy =——— (3-15)
(H'] + K,

Nhu vay, xac dinh dugc pH cia mét dung dich axit HA nong d¢ C, sé tinh dugc do
dien li cia dung dich dd.

Thi du: Tinh do dién li ctia cdc dung dich axit axetic ¢d cac ndng 40 tudng dng la
0,1M va 0,001 M.

Véi dung dich nbng do 0,1M; dp dung cong thitc (8-12’) tinh duge [H*] = 10~ 287,
Vi dung dich ndng 48 10-3M &p dung phuong trinh (8-11) ta tinh duge [H*} = 10270,
Ap dung phudng trinh (3-15) ta tinh duge do dién li @ cia dung dich nong do 0,1M 1a
0,013 hoac 1,3%; cia dung dich 10-3M la 0,126 hoac 12,6%.

3.3.4. pH ciia dung dich bazo yéu

Né&u hoa tan modt bazo yéu B vao nuéc thi trong dung dich co hai cén bing:

B + H,0 == BH* + OH~ (a)

H,0 —= HY + OH™ {b)
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Tuy theo gia tri ctia K, va ndng do cia dung dich {tic la gia trj Cg) ma can bang
(a) 4nh hudng dén can bing (b) t6i mic nao.

Ciing nhu trudng hgp dung dich axit y€u HA, d&i vdi dung dich bazo yéu B cg hang
s6 bazo K, ndng d6 Cp, ta cd thé thist lap bigu thic tinh ndng d% can bang ctia cdc
cdu t tif cac phugng trinh sau;

- Phudng trinh baoc toan proton:

[OH™] = [BH*] + [H*Y] ()
- Phuong trinh bao toan khéi lugng déi véi B:

[B] + [BH'] = C,, (d)
- Phuong trinh cua hang s6 bazo:

[OH™][BH") :

——— =K, (e)

(B]
Tl cdc phuong trinh dd, ta rut ra dugc:
Cy — [OHT] + [HY)
[OH7] = K,-— (3-16)
[OH™} — [(H]

Phuong trinh tdng quét trén cing la phuong trinh bac 3 d6i véi OH™ nén viéc giai
rat khd khan. Tuy nhién trong nhitng didu kién cu thé phuong trinh d6 cing cd thé
dugc don gian hda tuong tu trudng hop dung dich don axit yé&u. Khi K|, khong qua lén
va C; khong qua nhd, ta cd thé bs qua [H*] eanh [OH"}, tic 14 bé qua can bang (a) va
phuong trinh (3.16) chi con lai:

i Cp — [OH™]
[0H7] = K, ——— (317
[OH™]

Néu bazu phan li khéng dang ké&, tic 1a ta bo qua duge [OH™] canh Cy thi phuong

trinh trén dugc don gian hda thanh:

[OHT]? = K,C,
va suy ra:
1 1
pOH = B pK, - 3 logC), (3-18
pH = 14 - pH (& 25°C) (3-19)

Thi du I: Tinh pH cta dung dich NH, 0,1M biét NH, c¢ pK,, = 4,6 sit dung cdc cong
thite trén, ta tinh duge pOH = 4,26 va pH = 9,84,

Thi du 2: Tinh pH cia dung dich CN— 0,01M, biét HCN c¢ pK, = 9,21. CN~ la bazg
lién hgp cia HCN:

_ CN™ + H,0 == HCN + OH~ (a)
Nén Ken™ = 101/ Ko = 10479,
Ap dung phudng trinh (3-18), ta tinh duge pOH = 3,4 va pH = 10,6.
3.4. pH cua dung dich hén hgp axit va bazg lién hgp. Dém ning
pH cia dung dich axit va bazo lién hop HA + A~ (Thi du: CH,COOH + CH,CO0~
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hosc NH; + NH,) thay d8i khong ding k& khi thém vao mot it axit manh hoéc bazo
manh, vi néu tang nong 46 ion H*, thi A~ sé két hop vai H* tao thanh HA, nguge lai
néu giam ndng d6 H*, thi HA sé phan li thém dé€ sinh thém H*. Két qua la sau khi cin
bang thiét 14p thi ndng do cua ion H* trong dung dich sé thay d8i khong ddng ké.
Vi vay, dung dich hén hgp axit y&u va bazo lién hgp vdi nd duge goi 14 dung dich
dém.
Ching ta héy thist lap céng thic tinh pH cua dung dich hén hop axit HA nong do
C, va mudi NaA nodng d6 Cy,.
Trong dung dich nay c¢d hai can bang:
HA = H* + A~ (a)
H,0 = H* + OH~ (b)
D& tinh pH ching ta cd cdc phuong trinh sau:
- Phuong trinh hing s6 axit:

(H'][A ]
— =K, {c)
[HA]
- Phuong trinh bao toan khéi lugng cia HA va A™:
[HA] + [A"] = C, + Cy (d)

- Phuyong trinh trung hoa dién:
[H*] + (Na*] =[OH" ]+ [A7]
Hoac HY + C; =[OH7)+ [A7] (e}
Tir (e) suy ra: [A7)= Cg + [H*}] - [OHT] (f)
Tt (d) va (f), suy ra: [HA} = C, - {(H*] + [OR"] (g
Thay (f) va (g) vao (c), ta suy ra:
. C, — ('] + |[OH7]

{H*] = K, (3-20)
C, + [H*] - [OH]

Bidu thic (3-20) cd thé thiét lap tit hé thite {c) va hai can bang (a) (b) vdi lap luan
sau:

Nong do can bing cia axit HA, [HA] bang ndng d¢ ban diu cua nd trit di nong do
H* do HA phan li ra. Nong d6 H* dd bang ndng do can bang [H*] trit di nong do H* do
nudc phan li ra, tic la trir di [OH™].

(HA] = C, — ({H*] - [OH™]) = C, - {H'] + [OH7]

Nong dé can bang clia A~, [A~] bing ndng d6 ban dau cia nd Cp; cong voi nong dd

A~ do HA phan 1 ra:
[A] = Cp — [H'] - [OH]

Thay cdc biu thic trén cia [HA} va [A] vao bi€u thic (c), ta suy ra ngay biéu thic
(3.20).

D6i véi cdc dung dich dém thuang e H* va OH~ khéng ding k& so vai C va Cy
nén phugng trinh (3.20) duge don gidn hda:
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CA :
[H'] = K, =2 (3.21)
Cy
- Cy .
Hoac pH = pK, +10gE— (3.22)

Thi du I: Tinh pH caa dung dich hGnAh(_:ip CH3COOH 0,1M + CH;COONa 0,1M
Ap dung céng thiuc trén, ta cé:

0,1
pH = 4,75 + log— = 4,75

H

Thi du 2: Tinh pH sau khi thém 102 mol HCI vao 1 Iit dung dich dém trong thi du

1.
Khi thém HCI vao dung dich dém trén thi thuc t& xay ra:
H* + CH,C00~ - CH,COOH
va ¢d thé coi; [CH3COOH] =01 + 0,01 = 0,11
[CH,CO0™) = 0,1 ~ 0,01 = 0,09
0,11
Do dd: (H*] = 1047 Jog——
0,09
0,11

PH = 4,75 - log = 4,76 — 0,087 = 4,66.

Nhu vay, khi thém 10-2 mol vao 1 lit dung dich dém ¢6 thanh phan nhu trén thi
pH cia nd chi giam di 0,087 don vj pH. Nhung néu thém 10-2 HCI vao 1 1it nudc cat
thi pH sé gidm tir 7 xudng 2 tuc 1a 5 don vi pH.

Thi du 3: Tinh pH cda dung dich hén hop NH, 0,1M + NH,C] 0,1M.

pKNH;' = 14 - PKNH3 = 14 — 4,75 = 9,25,
0,1
pH = 9,25 — log-o—*1 = 9,25

Bém niing

D€ bigu thi kha nang cda dung dich dém chéng lai sy thay d6i pH khi thém axit
manh hoac bazo manh vao, ngudi ta ding khai niém dém nang.

Dém nang dugc dinh nghia bang s6 mol ctia mét bazg manh ¢hodc mét axit manh)
cén thém vao 1 lit dung dich dém dé pH ciia no tang lén (hoac giam di) 1 don vi.

Vi dém nang thay d6i cung voi thanh phan dung dich, nén cing thay déi cung voi
pH, do d6 d€ dinh nghia duge chinh xdc can phéi bi€u thi dém nang 8 & dang vi phan:

db da

dpH  dpH

(3.23)

trong dd db va de lan lugt la s6 mol bazg manh va axit manh cin thém vao mot lit dung
dich dém d¢ pH cua né tang lén hay giam di mét lugng bang dpH. Ta hay thist lap cong

thic tinh dém nang g cta dung dich dém gdm axit yéu HA ning da C, va mudi NaA
nong do Cp.
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Vi C, + Cg = C khong thay d8i, nén khi them mot axit vao lam thay doi C, va Cy

thi dCy = — dC,. Nhu vay, néu thém db mol baza manh vao 1 lit dung dich d€ tang
nong d6 B lén mot lugng dCy thi nong d6 cua HA sé giam di mot luong bang —-dC,

bang 4C);. Vi vay:
b dc,  dC,

dpH dpH dpH
Vi pH = ~log[H"*], nén:

db db dcy,
ﬁ == —2,3 = '—‘2,3 [H+1

dpH dIn[H"] d[H"

Vi ¢y
[Na*] + (H*] = [OH7] + [A7]

Cf\KA

Cy = [Na*] = [OH™] — [H'] +

Tinh dao ham cia Cp theo [H*}:
dCp K0 CK,

aEHT | P (H+ K

Thay biéu thdc trén vao phuong trinh (3.24):
H,0 CK [H™*)
=28 (—+HN Y — 7T —3
p ( [H*] [F7] ([H*] + KH)Z

[Nat], nén ta tinh duge Cj; tir phudng trinh trung hoa dién:

H" + K,

(3.24}

(a)

(3.25}

Trong truong hgp H* va OH~ khdng ddng ké so véi C, va Cy tifc Ja trong trudng
hgp pH cia dung dich dém dugc tinh bang cong thic don gian (3.21) thi dém nang f§

duge tinh bing hé thic (3.25) duge don gidn hda:
CK, [H*]

=23 — (3.26}
([(HY] + K,)?
Thay [H*] = K, vao (3.26), sé dugc:
B
c.C c,.C
p=23—22 =232 . (3.27)
C, +Cp C
dp
B sé& cuc dai khi —— bang khong, tdc 1a khi C, = C = 0,5C

dC,
Déi vai ty s6 C,/Cp khong d8i, Bty I v6i téng nong do C.

Heé thic (3.27) duge thist lap vai gia thiét [H*] va {OH"] khong ddng k& so vai C

va Cj, nén khong thé ap dung duge vdi cdc dung dich dém qua loang.

Thi du: Tinh dém nang cia dung dich dém CH,COOH 0,01M + NaCH,COO0 0,1M

Ap dung cong thic (3.27) ta tinh dugc:
0,01.0,01 _
g =23———" = 00115
0,02
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M6t cach gan ding cd the dinh nghia dém nang la ty s6 cta hidu ndng d6 va hiéu
pH tuong dng khi ching c6 gia tri tugng d6i nho:
: ACy AC,

g = _ (3.28)
ApH ApH

Tur dinh nghia nay chdng ta cd thé tinh duge nhitng hén hop dém chn thist.
Thi du: Tinh ndng d6 cta dung dich dém CH,COOH + CH,COONa cs pH biang 5
dé khi thém 0,25 mol HCI vao 1 lit dung dich dd, thi pH cua né khong giam qua 0,5
dan vi.
Dém nang cda dung djch duge tinh theo cong thic don gian (3.28) la:
0,25
IS = = 0!5
0,5
Vi pH cla dung dich dém 14 5, nén ta ¢6 thé bs qua [H*] va [OH™] canh C, va C,,.
Ap dung cong thic (3.26):
ClH)
({H*] + K,)?
C€.1,74.10°5.10°
(10 + 1,74.10°5)2

Tu d6 tinh dwge ¢ = 0,9M. Vi vay, khi thém 0,25 mol HC] vao dung dich dém
CH,COOH + NaCH,COO (pH = 5) ¢6 téng néng 6 1a 0,9M (1 M) thi pH cta nd
khong gidm qua 0,5 don vi.

B=005=23

0,56 = 2,3

3.5. pH ctia dung djch hén hgp axit va bazg khong lién hop _
Gi4 st ¢6 hén hgp gom axit HA| ndng do C, cta he HA /AT va bazg A, nong do Cy
cia hé HA,/A7, cdc hing s6 axit cua 2 hé la K| va K,

Dé tinh pH cua hén hop nay ta vist phuong trinh bao toan proton xuat phat tir HA |,
A7 va H,0

[H] + [HA,] = [OH"] + A7) @)
Néu [H*] va [OH"] khong déng ké, thi:
[HA;) = [A])
Hoac: .
Cx[HY] CL K,

= : (b)
K, + [HY] K, + [H"]

Néu C, = Cpg, thi:
[HY] CaK,
K, + [H*) K, + [H']

{c)

[H*)? = K K,
[H] = VE|K

2
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Va pH = 0,5 (pK, + pK,) (3.29)
Thi du: Tinh pH cta dung dich NH,CN 0,1M. Biét HCN ¢d pKj oy = 9,21 va NH,
cd PKNH = 4,76. '
Day 1'& hén hgp gom NH} va CN~ cd ndng d¢ ban dau bing nhau 0,1M,
= 476 _ 10 -

KNH4 = 10 14;:10 % = 10 .24
Ap dung cong thic (3.29), ta cé:

pH = 0,5 (9,24 + 9,21) = 9,23
Né&u cac ndng do C, va Cp khong bang nhau, C, = mCp, thi phai giai phuong trinh:

C[H] mCK,

K, + [H] K, + [H"]

[H*] mK,
heac = (3.30)
K, + [H] K + [H']

Ta ¢ thé don gian héa phuong trinh nay thém nita, néu ta so sinh cdc gia tri cla
[H*] va K,, K, bang cich dung db thi logarit nong d¢ cua dung dich don axit - bazo.

3.6. Db thj logarit nong dé cta dung dich axit yéu HA

Db thi logarit nong d6 1a do thi tip hgp nhing dudng bi€u dién sy bi€n thién cia
logarit nong da cac ion va phan t theo pH vao cung mét hé toa dé4. Trén truc.hoanh
cia hé toa 48 vuong goe ta ghi gia tri pH, trén truc tung ghi gia tri logarit ndng dé cua
cdc ion va phan ti cd trong dung dich.

Db thi logarit ndng dé cia axit yéu HA gom bén dudng bidu dién sy bign thién cia
log[H*], log[OH "], log[A~} va log[HA] theo pH.

Vi lg[H*] = —pH, nén dudng bi€u dién 1g[H*] 12 dudng thing cé hé so gde bing - 1.
Vi log{OH] = pH - pkH o> Nén dudng bidu dién log[OH ") 1a dudng thdng cé hé s6 goc
bang +1. Vi tich cua hal hé s6 gdc bing —1, nén hai dudng dé 1a hai dudng vudng gdc
vdi nhau va cit nhau tai difm ma toa dé théa man phuong trinh:

log[H*] = log[OHT]
" Hoac -pH = pH ~ pkllzo
Tic la di€m cd hoanh do pH = 0,56 pkH o va tung dd log(H*] log[OH™] = -0,5

PkH«o = 14, nén giao diém cta hai dudng do ¢ hoanh do bang 7, tung d6 bang —-7.

DE vé cac dudng log HA va log A™, ta ding cdc bi€u thic:

CAH"] CA\[H]
[HA] : —————  (a) A7) —————  (b)
[H'] + K, (H'] + K,

Mbi hé axit bazu lién hop dude dac trung bang €, va K, nén trén do thi didm cd
hoanh dé pH = pk, va'tung dé logC, duge goi la dlem he (dlem x trén hinh 3.1). O bén
trai di€m he, [H*] >> K, nén cdc bifu thic (a) va (b) duge don gian hoa thanh:

C,K
HA} = C,; A7) = A
[ A e
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Do dé:
logfHA] = logC,; log[A™] = logC, -~ pK, + pH

Nhu vay, & bén trai di€m hé dudng log[HA] 1a doan thang song song véi truc hoanh
va trung voi duding logC,va dudng log[A~] 1a doan thing cé hé s6 gdc bang +1. Hai
doan thang dd néu duge kéo dai ve phia phai sé cdt nhau tai diém hé, vi toa do cua
di€m hé nghiém ding ca phuong trinh dudng log[HA| 1dn phuong trinh dudng
log{A™]. Ngoai ra dudng log{A~] con song song vdi duting log[OH™] vi ca hai déu cd
cung hé s6 gdc bang +1.

6} phia bén phai di€m he, thi [H*] << K, nén:

[A7] = Cy; log[A™] = 1gC,
C . [H*] '
va (HA] =————  hoac log[HA] = gC, — pK, — pH
, K

Vi vay, dudng log[HA] treng khu vue nay la doan thang ¢d hé sd goc la —1, nén nd
song song vii dudng log[H*], con dutmg log[A~] 1a doan thang song song véi truc hoanh,
tdc 1a tring voi duong logC,. Hai doan thing nay néu dugc kéo dai sé cit nhau tai
diém ha.

O gan di€m he, [H*] va K, xdp xi bang nhau, nén phai tinh {HA] va [A7] theo cdc
céng thic (a) va (b) ¢ trén. Do dd, sy bisn thién & doan dudng cong cit nhau tai diém
hé, tai dg:

log[HA] = log[{A™]

log{HAT x ’ fog[A']
-2 |
Zog[oh’_]
_.4 g
~§
-8,
. =10

2 y 6 5 10 ZEENY"

Hinh 3.1, D6 thi logarit nbng dé ctia dung dich axit HA 0,1M <6 pK, = 4,75,
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o CAK, CA[H*]
Téce la: - =
[H*] + K, [H™] + K,

nghia la ¢ di€m ¢d hoanh d¢ pH =pK, va tung d6 log[A™] = log[HA] = logC,/2 vi [HA]
+[A7] = C,.

Do d6 giao di€m ciia hai duding log[HA] va log[A~] ¢d cung hoanh d§ vdi diém hé
va & dudi diém hé 0,3 don vi logarit ndng 46, vi log 2 = 0,3.

Tém lai mudn vé db thi logarit nong do ctia dung dich axit y§u HA ndng d¢ C, thi
trudce két ké hai dudng log[H*] va log[OH ], sau dd ghi di€ém hé cd hoanh d6 pH = pK,
va tung d6 logC = IgC,. Sau d¢ ké hai bén di€m h¢ hai doan thadng song song vdi truc
hoanh va hai doan thang khac, mdt song song véi dudng log[H*], moét song song vdi
duting log[OH™], ¢ bdén doan nay cung déu huéng vé di€ém hé. Sau cing & gan didm
hé, néi doan thing cia cap nay voi doan thang cua cap kia bing hai doan cong cit nhau
d duéi diém hé 0,3 don vi logarit néng dé.

Trén hinh 3.1 13 db thi logarit ndng d6 ctia dung dich axit HA ndng d6 0,1M, cd pK,
= 4,75. Bing db thi d6 ta cd thé udc lugng dude ngay bing mit pH cia dung dich. Thye
vay, ta ¢6 thé giai phuong trinh bao toan proton bang db thi:

[H*] = [OH™] + [CH,C007]

Bang dd thi ta co thé thay bang ‘mit bic tranh toan canh v& ndong do cla cic ciu
ti trong dung dich d cdc gia tri pH khac nhau trong sudt thang pH tu 0 dén 14.

D& thi logarit ndng dé cia dung dich bazo y&u duge vé tuong tu nhu cia dung dich
axit y&u.

Thi du: D&i voi dung dich NH, 0,1M. Vi NH, 1a bazo lién hop clia NH, va vi: [NH;]
+ [NH}] = 0,IM, nén d6 thi cia dung dich NH, 0,1M cing la do thi cia dung dich
NH{ 0,1M va ciing 13 db thi cia dung dich NH; + NHY cd téng ndng d6 bing 0,1M.
Tueng tu nhu vay, do thi logarit ndng d6 cta dung dich CH,COOH 0,1M ciing 1a db thi
ctia dung dich CH,COO~ 0,1M hoac d6 thi cia dung dich CH;COOH + CH,COO~ ¢o
tdng ndng do bang 0,1M.

D& vé do thi cia dung dich NH4 0,1M, ta ldy di€m hé cd hoanh dg 1a pKNI«II = 9,25
va tung 4o la logC = log 0,1 = ~1.

Hinh 3.2 12 b thi cia dung dich NH; 0,1M

Tuy hai dung dich NH; 0,1M va NH} 0,1M cd chung m6t d8 thi, nhung khi tim pH
cha dung dich dd ta phai gidi cac phuong trinh khde nhau.

D61 voi dung dich NH, phuong trinh bdc todn proton la:

[OH™] = [H*] + [NH]]
nén pH cta dung dich 12 pH tng v6i hoanh do giao diém hai dudng log[OH™] va
log[NH}1
(pH khoang 10,6; diém B)
D6i véi dung dich NHj 0,1M, phuong trinh bao toan proton la:
[H*] = [OH™] + {NH,]:

Va pH céa dung dich 1a pH tdng vdi giao di€m cla hai duding log{H*] va log[NH,]
(di€m A trén hinh 3.2). '
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lajr ¢

—-f

log (WH] ]

x

2‘0_?[”/1(;]

[05 [HYT

Hinh 3.3. D0 thj logarit adng 46 cha dung dich NIL,CHLCOO0 U,1M.
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Trén hinh 3.3 1a d6 thi logarit nong 4o cia dung dich NH,CH;COO 0,1M. Dung d6

thi nay ta dé& dang giai phuong trinh bao toan proton cia dung dich dd:
[H*] + [CH,COOH] = [OH] +[NH,]

That vay, theo do thi logarit néng d9, tai giao di€m cla hai dudng log [CH,COOH]
va log [NH,) (diém A) thi [H*] << [CH,COOH] va [OH7] << [NH;] nén phuong trinh
proton trén duge don gian hda thanh:

[CH,COOH] = [NH,]

Va néu dung do thi thi thdy ngay pH ciia dung dich )a hoanh d6 cta di€ém A (khoadng
7). N&u mudn tinh chinh xac thi ta giai phuong trinh:

[CH,COOH] = [NH,] (a}
[0,1[H"] 0,1.109:25

= (b)
104.75 + [H+] [H+} + 10-9.25

Vi [H*] << 10475 va [H*] >> 10925, nén (b) duoc don gidn hda thanh:
[H+] 10-9.25

1 0-4‘25 [H+]

Hoac [H*)? = 1042510925 = 101 = (K| x K;)
(H] = 107 pH = 7

3.7. Dung djch da axit
Trong phan dau cta chuong ching ta da biét, da axit la axit ma phan tu phan ly

lan lugt theo nhidu ndc, dng véi mdi ndc c¢é mot hang s6 axit riéng.

Thi du:
[H*}[H,PO;])
H,PO, = H* + H,PO; Ki=———— = 7,6.10°%
[H,PO,]
[H*)[HPOZ]

K, s—————— = 6,2.10
[H,PO;]
[H*)[POF7)
[HPO{™]

H,PO; = H* + HPO3~

HPO3~ = H* + P03~ 4,2.10°13

3

Néi chung proton tich ra khéi tiéu phan ctia ndc trudc d& dang han & ndc sau vi
dién tich ion cta nic sau A&m hon néc trude, nén giit proton cang chat hon. Do dé hang
s& phan li cia nédc sau thudng nhé hon cla néc trude. Doi vdi cde axit nhu H.PO,,
H,S80,, H,CO; cd t4t ca cac nhém OH dinh vao cung mét nguyén td, thi hing 6 phan
li cia ndc sau thudng bang khoang 10 hang s6 phan li cia nic trude.

Thi du: D6 voi HyPO, thi K\ /K, bang 1,23.105 va K,/K, bang 1,5.105 hoac d6i voi
H,S0, thi K,/K, = 1,7.10°%/6,2.108 = 2,7.10°

Dsi vdi cac da axit ¢d cAd 2 proton trong phan tit dinh truc ti€p vao modt nguyén td
thi hang s6 phan li ndc thi hai con nhé hon 10° hang s8 phan li ndc dau.
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Thi du:

O H,8 thi K /K, bing 10°

O H,Se thi K /K, bang 1,3.107

O H,Te thi K /K, bing 2,310

Déi v6i cac da axit ma cdc nhoém cho proton cang cach xa nhau, thi hang 38 axit
ing vOi cdc proton dd cd gid tri cAng gan nhau.

Thi du: Cdc da axit ¢d mach cacbon dai gita cac nhdm axit thi gid tri cac hing sé
axit rat gin nhau:

Axit suxinic HOOC-CH,~CH,~COOH ¢6 K, = 1,610 va K, = 2,3.10°,

Axit tactric HOOC—CH(OH)-CH(OH)-COOH co K, =91.104

va Kp = 4,3.10-% va axit xitric HOOC-CH,-C(OH)(COOH)-CH,-COOH c¢ K, =
71,4104 K, = 1,8.10° va K; = 1.107. '

3.7.1. D6 thi lvgarit ndng &6 cia dung dich da axit

D& vé dugc do thi logarit néng d6 caa dung dich da axit trudc hét ta thist lap cac
bi€u thic clia ndng d6 can bang cla céc ion va phén ti& theo nbng d6 can bing cua ion
H*. D€ di tai bi€u thic téng quit, ta xét dung dich H;A nong d6 C, vdi cac hiang s8
axit K|, K, va K.

Trong dung dich dd cd cdc can bing sau:

H,A == H'+ H.A~
H,A" ——= H*' + HAZ
HAZ —= H* + A%

Dé thiét lap cac phuong trinh cla cdc ndng dé can bang cdc ion va phan tu ta di

tlt hé cdc phuong trinh sau:

[H*][H,AT] = K [H,A] (a)
[H*)[HA?] = K [H)A"] (b)
[H*][A%] = K,[HA?) (c)
[H;A] + [HAT] + (HAZ] + [A%] = C, (d)
[H*][HA™]
Tu {(c) suy ra: [HA?) = ——— {e)
K3

Tu (b) va (e) suy ra:

[H*][HA%]  [H*P[A%
| _ [P

(f)
K K K,

Tit (a) va (f) suy ra:
[H)[H,A"]_ [H*P[AY]

(HaA] =
K, K, K, K,

(g)

Thay (e), (f) va (g) vao (d), ta cd:
3. [H*]? [H*]? [H*]
[ ](KerKa KK, ¥ K,y

+1)=C
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CA
[A%] =
[H]? N [H*]? N (H*] 1
(KIK2K3 KK, K, )
KK, K,C
(A% L2 37A (3.31)

C(HP + K [HY? + KK, [H'] + K KK;)

Thay (3.31) vao (g), (f) va (e) ta s& dugc bidu thitc hing s6 can bing clia phan tu
va cdc ion trong dung dich H,A:

CA[H+]3
[HiA] = (3-32)
[H)? + Kl[H+]2 + K K,[H'] + K K,K,
_ CJ\KI[H+]2 .
(H,A7] = (3-33)

[H*P + K [H']® + K\ K,[H"] + K K,K,
CAK K, [H)

[HA*] = . (3-34)
[H*]® + Kl[H+]2 + K K,[H*) + K KK,

Nhu vay, trong dung dich H;A nong d¢ C thi ndong do phan td va cdc ion phu thude
phic tap vao pH ctia dung dich vi mAu s6 cta cdc bi€u thuc trén la phuong trinh bac 3
theo [H*]. Tuy nhién & nhitng khoang pH khic nhau thi ta c6 thé bd qua cic gia tri
ndng dé nhoé bén canh cic gid tri ndng do 16n va cde phuong trinh trén dude ddn gian
hda di rdt nhiéu. '

Bang sau day tdm tdt cdc phuong trinh (3-32), (3-33), (3-34) v& (3-31) da duge don
gian hda trong nhitng khoang pH khac nhau.

0 (134 (AT [HAZ) 1A%

pK < pK | Cy K C 0N K (K, C 2 | KKK O

pH = pK | Co/2 K Cal2 Ko 201 KoK G212
pK < pll < pK, CANIFVK, Ca K, CAfIHT KoK NITH2

PH =pK, | CAKy2K, CA2 C 2 K4 (/2K 5
K, < pll < pKy | CAlH 2K K, CAlHY YK, N KO

pll = pk , C\K4/2K K, € J2K €2 €2

pil > pK 4 CAIHTYK KoKy | CAITEKGK CAITVRy | €y i

Ti nhitng k&t qua cia bang trén, ta suy ra: Khi pH nhd hon pK| nhiéu, dudng
log[H;A] & trén dudng thdng song song vdi truc hoanh, dudng leg[H,A™] & trén dudng
thing song song voi dudng log[OH™], dudng log[HAZ] & trén mot duong thang lam voi
truc hoanh mét gde cé tg bang +2 va dudng log[AY] ¢ trén dudng thang lam véi truc
hoanh mét gée cd tg bang +3.

Khi pK, << pH << pK,, dutng log[H;A] ¢ trén mot dudng thing song song véi
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log{H*), duting loglH,A™] ¢ trén dudng thing song song véi truc hoanh, dutng log[HAZ"
¢ trén dudng thang song song véi dutng log{OH "] va dudng log[A*] ndm trén dudng
thang lam véi truc hoanh mot géc co tg bang +2.

Khi pK, << pH << pK;, dudng log[H,A) ndm trén dudng thadng lam vai true hoanh
mot gdc cd tg bang —2, duvng log[H,A™] & trén dudng thing song song v&i dudng
log[H"], dudng log[HAZ] & trén dudng thing song song v6i truc hoanh, dudng log[A¥)
¢ trén duung thang song song vai log{OH"].

Khi pK; << pH, dudng log[H;A] & trén dudng thidng lam véi truc hoanh mot goc
cd tg bang -3, dudng log[H,A~) nim trén dudng thang lam vdi truc hoanh goc cd tg
bing -2, dudng log[HAZ] & trén dudng thing song song véi duong log[H*] va duong
log[A%] & trén dudng thing song song véi truc hoanh.

Trén hinh 3.4 1a db thi logarit nong d6 cua dung dich axit H,A 0,1M c6 pK, = 2,12,
pK, = 7,21 va pK, = 12,36 (axit phatphoric H,PO ).

log €
. log[H, AT _ x logl HA*T x

2 lg[#,A]

4 A log [47]

] Log (H'] log[OK]

8 |

I | { " } + +
! 2 4 6 8 10 12 pH

Hinli 3.4. 13 thj logarit nBog 49 cia dunp dich (11;F'0, 0,1M) ¢6
pPK| = 2,12; K, = 7,265 Py = 12,36,

3.7.2. pH ciia dung dich du axit

Dung dich da axit cd thé xem nhu dung dich clia mét hén hgp cac axit yéu cd ndng
d6 bang nhau va hing s8 axit khdc nhau. Néu nhu hing s6 K, cda nédc thi nhat 16n hon
cla ndc thi hai nhigu thi ¢ thé coi da axit nhu don axit cd néng do C, va hang sd axit
K, vi H* do ndc thd nh4t phan li ra da can trd su phan li clia c4c ndce sau.

Thi du: Tinh pH cua dung dich axit H,PO, 0,05M.

Vi axit nay c¢d K, = 7,6.103 16n hon rat nhizu gldtriK, = 62108 va K, = 4,2.10-13
nén thyuc t& trong dung dich chi ¢6 1 can bAng:
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H,PO, ==H" + H,PO;
Thay [H*] = [H,PO;] va [HyPO,] = C — [H*] vao bidu thic cia K|, ta cd:
[r)?
0,1 - {H*]
Giai phuong trinh nay, ta duge [H*] = 5.10-%3 va pH = 1,80.

= 7,6.103

3.7.3. pH cia cdc dung dich mud'i tan cia cdc da axit
D& tinh pH cia cdc dung dich muéi tan cia cdc da axit ta giai phuong trinh bao
_toan proton cua céc dung dich ddé va diung db thi logarit nong dé dé€ don gidn hda viéc
giai.

Cac thi du:

Thi du I: Tiuh pH cta dung dich Na,PO, 0,1M.

Phudng trinh bao toan proton cia dung dich nay la:

[OH™] = [H*] + [HPO}7} + 2[H,PO;] + [H,PO,] (a)

Theo db thi logarit néng dd cta dung dich H,PO, 0,1M trén hinh 3.4 thi tai giao
diém ciia 2 duding log [OH™] va log [HPO3 ] cac gia tri [H*], [H,PO,], [H,PO7] rdt nho
so véi [OH™), HPO‘Z“ nén (a) dugc don gian hda thanh:

[OHT] = [HPO{T] (b)

qu C

I{4] N ' ' } ;
Z + & a i 12 PH

Hink 3.5. Db thj logarit ndng 49 ¢ha dung dich (NIL),IIPO, 0,1M
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1014 0,1 H*
hosc = :
[H*] [H*] + 1071236

Sau khi gidi phuong trinh bac 2 trén, ta tinh dugc:
[H*] = 2,65.10°13 pH = 12,58

Thi du 2: Tinh pH ctia dung dich NaH,PO, 0,i1M

Phuong trinh bao toan proton ciia dung dich nay xuat phat tir H,PO; va H,O la:
[Hf] + [H,PO,] = [OH7} + [HPOE_] + 2[P03_] (a)

Theo do thi logarit nong do (hinh 3.4) tai giac di€m cua 2 dusng log[H,PO,] va log
[HPO3 7] ta cd thé bo qua cac ndng d6 can bang nhé {H*), [H-], va {PO3~] bén canh cac
nong 46 [H,PO;] va [HPO{™], nén (a) dugc don gian hda con:

[H,PO,] = [HPOI7}
(H'1H,PO7]  K,[H,PO7]
K, [H*]

hoiac

Tu dg, suy ra:
[H']1 % = KK,
[H*] = (K,Kp)"S
pH = 0,5(pK, + pK,) = 0,5(2,12 + 7,21) = 4,67.

Thi dg 3: Tinh pH cia dung dich Na,HPQ, 0,1M.

Cing tugng tu nhu & thi du 2, néu ding db thj logarit néng do ¢& don gidn hda viéc
giai phuong trinh bao toan proton cta dung dich nay la;

[H*] + 2[H,PO,] + [H,PO] = [OH7] + [PO%"} {a)
ta cing di dén céng thie tinh pH cta dung dich axit va bazo khong thudc hai hé lién
hop cd ndng do bang nhau nhu trong muc 3.5.

pH = 0,5(pK, + pK,) = 0,5(7,21 + 12,36) = 9,79.
Thi du 4: Tinh pH cua dung dich (NH,),HPO, 0,1M la
[H*] + 2[H,PO,) + [H,PO]] = [OH"] + [NH,] + [PO}]  (a)
~Ta cing dung db thi logarit ndng dé dé don gian hda viéc giai phugng trinh dd. Do

thi cia dung dich nay la db thi ctia dung dich NH{ 0,2M va db thi cta dung dich H,PQO,
0,1M vé trén cing mot hé toa do (hinh 3.5).

Theo d6 thi logarit ndng d6 thi tai giao di€m cta 2 dudng log[H,PO;] va log [NH,]
ta c6 thé bo qua duge cée s6 hang [H*] va [H3PO,] trong v€ trai va cic s6 hang {OH]
va [PO3~] trong v& phai ctia (a) va phuong trinh d6 chi con:

' [H,PO;] = [NH,] (b)

Lai dung dd thi d€ don gidn hda phuong trinh bi€u dién cic néng dé can bing dg,

ta dugc:
10°1[H7) 2.10:10.25

[H+] + 10-7.21 [H"'] + 10-9_25
Sau khi giai phuong trinh dd, ta dudc [H*] = 1,4.10-8:25 pH = 8,1,
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3.8. Cac axit va bazd trong dung méi khidc nudc

3.8.1. Phin loui dung moi

Trong phan dau cia chuong nay, ching ta di biét ring, tinh chat axit hoac tinh
chét bazd cuia cac chdt phu thude vao tinh chit cia dung méi trong dd cac chat duge
hoa tan. Dua vao kha ning trac d8i proton, cd th€ chia cac dung méi thianh ba loai

chinh sau:
a) Céac dung moi ¢6 kha nang proton phan, thi du nhu nudc, amoniac, axit axetic...

2H,0 == H,0* + OH~
2NH, == NH} + NH;
2CH,COOH == CH,COOH; + CH,C00~
Cac dung moi loal nay lai cd thé dudge chia thanh ba phan nhdm:
- Nhung dung moi cé kha nang vira cho vita nhan proton. Thi du: nudc va rugu
etylic...
- Nhitng dung moi wa proton 1a nhing dung moi thé hién chtt y&u tinh bazo nhu
amoniac 1ong, dimetylfomamit...
- Nhitng dung mdi thé hidn cha y&u tinh axit.
Thi du; axit axetic, axit fomic...

Bang 3.1. Phin loai cie dung méi theo Brinsted

Thi du
1o Khi niing Tinh axit Tinh bazcr — - N . o
ion héa Cong thae ll‘:l.ng‘:ao 9“:.]1 lxch‘so _mn (He)
mdi (& 25°C) (¥ 25°°C)
1 + + + H, 0 783 14,0
CHLGH 325 16,7
2 + + - H,50, 101 36
1HICOON 585 (16°C)
3 + - + CH,CN 360 265
4 + - - CoHsNO, 348
3 - + + CIH,CH,0H 243 9.1
6 - + - Ci1;C00H 0.1 14.5
7 - - + C H N 123
(,;112—{'71 L,
NH, NH, 142 : 153
8 - - - Cllg 23 (20°C)

b) Cac dung moi khong cé kha nang proton phan nhung cd th€ nhan proton. Thi
iu: pirydin, axeton. Phan ti cta dung mdi nay chda nguyén ti nitg (N} hoac oxi (O)
con cd eap electron tu do dé két hgp vdi proton, nén thé hién tinh baza.

¢} Cdc dung mai tro la nhing dung moi khong cd kha nang cho va nhin proton, nén
rhéng c¢d kha nang tham gia phan ung trac ddi proton. Thi du: benzen, clorofom...

Can bang axit bazo xdy ra do sy phin li eda cdc phan tU axit, bazo thanh ion. Do
dd, kha nang ion hda cvia cac dung moi ddng vai trd quan trong déi v&i cac can bang
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axit - bazd. Kha nang jon héa cia dung méi duge dac trung bang hing s6 dién moi cua
nd,

Bronsted dd phan loai cdc dung méi dva vao ba tinh chit cia ching la kha nang
ion hda, kha ning cho proton (tinh axit) vd kha nang nhan proton {(tinh chat baza).
Theo Bronsted cd tdm loai dung méi duge phan loai trong bang 3.1.

Dé6i v6i cde dung moi loai (a), kha nang tu proton phan duge ddc trung bang tich
sd ion clia dung moi. '

Thi du: DI v6i rugu metylic:

2CH,0H =—= CH,OH} + CH,0~
KcryoH = ScHzont X @chy0- = 107187 (4 250C)
tugng tu nhu H,0 cd tich s§ ion bhng 1014 § 25°C. :

Trong s6 cac loai dung méi thi cdc dung moi cé kha nang tu proton phan dugc ing
dung rdng rai nhit d€ nghién citu va tién hanh cac phan dng axit - bazo.

3.8.2. Ank huéng cia dung méi dén tinh chdt cta cdc axit - bazo

Tinh chat axit, bazo cla cdc chit phu thude vao tinh chit cla csc dung méi dung
d¢€ hoa tan ching. :

Thi du: Naphtylamin 12 bazg y&u trong nuéc (pK, = 10,01) nhung 1a mét bazo kha
manh trong axit fomic (pK}, = 0,88). Tham chi cd nhiing chat 12 axit trong dung méi
nay nhung lai 1a bazé trong dung méi khac. '

Thi du: Ure 1a bazo y&u trong nude

H,NCONH, + H,0 ——= H,NCONH{ + OH~
(bazo yé&u)
nhung lai 1a axit trong amoniac léng:
NH,CONH, + NH; ==NH,CONH~ + NHy
(axit)
va 12 bazy manh trong axit axetic:
NH,CONH, + CH,COOH == NH,CONH} + CH,CO0~

D& dic trung cho cudng d¢ eda axit va bazo trong cac dung méi khac nude, ngusi
ta ciing dung céc dai lugng hing sb axit va hang s6 bazd nhu déi vdi cde axit bazg trong
nudéc,

Thi du: D8i véi axit HA trong dung méi khdc nuée D.

HA+D =—/—= DH*+ A-

a .
DH™A
N =

da
Tya

Déi v8i bazo B trong dung méi D:
B+ D == BH" + (D - H)~
Qoo -
K, = BH %D -H)
dg
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D6i v&i mot cap axit bazo lién hop trong dung mai tu proton phan, tich s6 hang s6

axit va hing s6 bazo bing tich s jon cia dung maéi:
Ka'Kb = KD
pK, + pK, = pK

Cing giéng nhu trong nude, trong ciac dung méi khdac nude, mot axit hoac mdot bazo
cdng manh sé ¢d K, hodc K|, cang lon.

Dung méi axit 14 nhilng dung mdi ¢é kha niang cho proton cia minh, Vi vay, trong
cac dung moi dd6 cd s8 chidt thé hién tinh axit gidm, sd ch4t th€ hién tinh bazo tang lén.

Thi du: Trong CH,COOH nguyén ch4t thi cdc axit cacboxylic lai hiu nhu khéng thé
hién tinh axit va cdc axit manh trong nude lai 1a cdc axit y&u trong dung moi nay (cd
pK, tit 3 d&én 11). Nguyén nhén cia su gidm cudng dé axit nay la tinh bazg yéu va kha
nang ion hda thdp cia CH,COOH.

Kha nang ion hda cia dung méi anh hudng 16n dén tinh axit clla cac chat,

Thi du: Axit fomic HCOOH tuy c6 tinh axit cao hon axit axetic nhung axit fomic lai
it lam giam cudng d9 cla cdc axit vé co hon axit axetic, vi axit fomic ¢d kha ning ion
héa cac chidt cao hon axit axetic. Bang 3.2 trinh bay cdc gid tri pK, cla cdc axit khac
nhau trong CH,COOH va HCOOH.

Bdng 3.2. Gid tri pK, cla mdt 58 axit trong cde dung méi khic nude

Axit pK , trong HCOOH pK , trong CH,COOH
Pecloric 028 58
Brombidric 028 6,17
Clohidric 039 885
Sunfuric 085 829
Nitric 085 0,34

Nhitng chédt trong nuéc thé hién tinh bazo y&u hodc khong thé hién tinh bazo co
thé trd thanh bazo manh hoac y&u trong cdc dung méi axit khde nude. Trong cdc dung
méi cé tinh axit cao va kha ndng jon héa manh thi tinh bazo clha cdc chit tan trong né
tang lén manh (xem bang 3.3).

Bang 3.3. Cac gia tri pKh clia mdt s& hazo trong nwéc v cie dung méi axit khic nwic

Bazor pKy, trong H,O | pK, trong HCOOH pK |, trong pK,, trong
CH,COOH C,H;COOH

Piridin 885 027 445 9,68
bBietykimin 302 058 450 - 954
Picolin 752 058 432 951
Piperidin 2,80 058 4,40 v50
Antipirin 1249 (158 5,10 1087
Ure 1382 110 690 1087
Thiowure 1496 L10 6,60 10,59
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Anh hudng cta cdc dung moi 6 tinh bazg thi nguge lai. Vi nhitng dung maéi nay c6
kha nang nhén proton nén trong méi trudng cia ching s6 cac chdt thé hién tinh axit
tang lén con s6 chdt thé hién tinh baze giam di.

Trong cdc dung méi cd tinh bazd, cusng ds ciia céc axit yéu ting lén, nhidu axit y&u
trd thianh axit manh. Gi4 tri pK, clia da s8 cac axit trong amoniac léng bi&€n thién trong
gidi han tir 2,5 d&n 4,4. Dong thai véi tinh bazo, kha nang ion héa cua dung mai ciing
dnh hudng dén cudng dd cla axit va bazo.

Thi du: hidrazin cd hang s6 dién maéi tuong d6i cao (52) nén cac axit trong nude cd
pK, ndm trong khoang 3 dén 9 thi thuc t€ phéan li hoan toan trong hidrazin, con piridin
cd hiing s6 dién moi khéng cao nén cde axit manh trong nude nhu HCIO, KCI trd thanh
yéu hon trong piridin (cd pK,, tir 3 dén 5).

Con déi véi cde dung méi ludng tinh ki€u nudc thi rugue va dac biét la cdc rucu
metylic, etylic va propylic duge nghién eitu va duge sit dung nhigu nh4t. So véi nuée thi-
cdc rugu dd lam gidm cuong db cac axit.

Thi du: trong rugu metylic thi pK, cia cac axit cachoxylic giam tir 4,5 + 5,5 don vi;
cta cdc phenol gidm di 8 + 4 don vi; cdn cla cdc axit vé cd thi gidm di 2 don vi. Trong
rugu etylic cuong dé cia cac axit con gidm di nhigu hon.

Thi du: pK cia cdc axit cacboxylic gidm di 5§ = 6 don vi, cia cac phenol giam di 3
+ 4 don vi. Nguyén nhan cia sy gidm cudng dé axit, bazo 13 kha nang ion hda cia cic
dung moi gidm di thé hién & su gidm cia hing s6 dién modi; cua nude la 78,3 con cia
metanoi 12 32,5; cha etanol 1a 24,3.
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CHUONG 4

PHUONG PHAP CHUAN D& AXIT - BAZO
(PHUONG PHAP TRUNG HOA)

Phuong phap chudn d¢ axit - bazo dua trén phan dng trac déi proton gita dung
dich chudn cta dung dich dinh phan dé xac dinh ndng d§ cla axit va bazd. Cac phan
ung dung trong phuong phdp nay déu thdéa mian cac yéu clu cla phan dng ding trong
phan tich thé tich. Cic dung dich chudn duing trong phuong phap nay thudng 1a cac
dung dich axit manh hoac bazo manh. Trong qué trinh chuéin d¢ ndng d6 cia cic ion
H* va OH~ thay d8i, tic 1a pH ciia dung dich thay d&i. Vi vay, d€ x4c dinh di€m tuong
duong ngudi ta thudng dung nhing chdt ma mau séc cta ching thay d6i theo pH cua
dung dich. Nhitng chdt nay duge goi 13 chdt chi thi axit-bazo hoac chét chi thi pH.

Dutng bi€u dién sy phu thudc cta pH trong qua trinh chu&n d6 vao thé tich dung
dich chudn thém vac hoac luong chit dinh phan da dugc chuin d¢ duge goi 14 dudng
dinh phan. Ngudi ta thudng dua vao dutng dinh phan d€ chon chdt chi thi thich hgp
nhit.

" 4.1. Chét chi thi axit - bazg

Cac chdt chi thi axit - bazo phan 1dn 1a cac phdm nhudém hitu co. Chiing 1a cac axit
hodc bazo hitu co y&u trong dd dang axit va baza lien hgp ¢d mau khdc nhau, vi vay
mau cua ching phu thuée vao pH cia dung dich. Ta ki hiéu ch4t chi thi 1a axit HInd
va bazo la IndOH. Trong nude céc chat chi thi dé phan li nhu sau:

HInd == Ht* + Ind~ K g {a)
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IndOH == Ind* + OH™ K\ ind (b)

Trong do cédc dang lién hop tugng dng cda mdbi chat ¢d mau khdc nhau.

St thay d8i mau cha chat chi thi phu thuéc vac pH cta dung dich duge giai thich
bang thuy#t ion - nhém mang mau: _

Khi pH thay d8i thi cdc cdn biang (a) hoac (b) s& chuyén dich v& phia phai hoac phia
trai, chat chi thi sé tdn tai chl y&u dudi mot trong hai dang lién hop, nén dung dich sé
cd mau cua dang nao ton tai chi y&u trong dung dich. Thi du: néu ch4t chi thi la HInd
thi khi thém axit vao dung dich ctia nd can bing (a) sé chuyén vé phia trai va dung
dich ¢d mau cua dang axit HInd. Nguge lai néu giam dé axit cia dung dich (chdng han
thém kidm vao) thi cian bing (a) sé chuyén sang phia phai, nén dung dich ¢d mau cla
dang Ind~ (dang bazo).

Khi pH cta dung dich chia chat chi thi thay d8i thi cfu tric cua phan t trong dd
¢d nhitng nhém mang mau thay d8i ddn dén sy thay ddi mau cita chit chi thi.

Vi du: Phenolphtalein cd thé tbn tai trong dung dich & cdc dang cdu triic phan ti

sau day:
HO\O\ OH HO\@\ /@,OH
— ~
o | OH
C=0 COO0~
Dang lacton khong méau kh(‘)ng méu
Ho /@/OH HO /@/0—
C C\
OH™ rit ki€m OH
H* H*
161010 2 CcQo0
Dang guinon mau hdng ) khéng miu

Vi vay, trong méi trudng axit va trung tinh phenolphtalein tdn tai chi y&u duéi
dang lacton khong mau, trong moi trudng bazo tén tai chd yéu dudi dang quinon mau
hong, nhung trong moi trutyng kiém manh lai tén tai § dang khong mau.

Metyl da cam co thé tbn tai trong dung dich duéi cdc dang sau:
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OH™
(CH,), N—Q N=N _Q s0; =—
1
méu hing
mdu vang

M&i chét chi thi axit - baze thudng cé mét khoang pH déi mau, Ta hay xét chit chi
thi la axit h@tu co y&u HInd. Trong dung dich nuéc chia ligng nhd eta chit chi thi do:

HInd H* + Ind~ (a)
[H*}[Ind "]
alTlnd =_-[HIn—d]_
[HInd]
hosgc: pH = pK g — 18 [InT]-— (4-1)
[HInd]

quyét dinh mau cta dung dich.

HlInd 1
Mat ta thudng chi phan biét duge sy d6i mau khi ti 1o %IF{-]—] ¢ trong khoang T

+ 10. Ndi cach khéac khi ndng d¢ cia dang axit chénh léch véi néng d6 dang bazo khoang
10 lan thi ta chi thdy dudc mau cua dang c6 nong d$ 1on. Thay ti s6 ndng do:

{HInd] 1 {HInd]
= — va ~——— = 10 vao bidu thdc (4.1), ta cd:
[Ind~] 10 [Ind7]
PH = pK jipe £ 1 (4-2)

Nhu vay, khodng d8i mau ma mit ta nhan th&y duge 1a 2 don vi pH. Tuy nhién, d&i
v6i mat 6 chat chi thi mat ta cd thé nhan thiy dugc sy d6i mau trong khoang nhé hon
2 don vi pH, nghla 1a khi ti s6 ndng d¢ cda cac dang nho han 10 Jan. D6i véi chdt chi
thj loai IndOH, ta ciing lap luan tuong tu d€ xac dinh khodng pH d8i mau. Trong bang
4.1 sau day 1a mot s6 chat chi thi axit - bazo quan trong nhat (bang 4.1).

D6i voi loai chédt chi thi cd mét mau, tite I1a chl mot trong 2 dang axit hoac baza
lién hgp 6 mau chdng han chét chi thi loai HInd, ma dang HInd khéng mau, thi mau
cia dung dich sé do ndong d6 dang ¢ mau Ind- quyét dinh. N&u C 1a gia tri ma ndng
49 cia Ind~ cin dat tdi d€ ta nhan ra mau cla nd va C, la ndng d6 ban diu cta chat
chi thi thi pH cta dung dich tai d6 mau cia Ind= bit diu xust hién la:

c,-C
PH = PK jyppg — 18 —— (4.3)
C

Nhu vay, pH clia khoang d6i mau phu thude vao ndng d6 chat chi thi. Thi du: trong

dung dich phenolphtalein bio hoa, mau hong xudt hién khi pH = 8 con trong dung dich
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loang hon 10 1an thi pH = 9 méi xuit hién mau.

Ngoai khoang d8i mau cia chat chi thi, ngudi ta con dung khai niem chi s6 p7T cta
chdt chl thi axit - bazo d€ chi pH ma tai d6 chat chi thi d8i mau r6 nhat. Ta thuong
thay gia tri pT trung vdi gid tri pK, 4 cta chdt chi thi.

Bing 4.1. Mot s8 chit chi thi axit - bazo quan trong

Tén thong dung Khodng d6i mau pK, Mau cua danyg axit - bazor
Thimo! xanh 2+ 28 165 P6 - vang
Metyl vang 29 + 40 Do - vang
Meiyl da cam 31+ 44 346 DO - da cam
Bromgcresol xanh 38 + 54 4,66 Vang - xanh
Metyl dd 42 « 63 5,00 D6 - ving
Bromeresol tia 52 + 68 6,12 Vanyg - do tia
Bromthimol xanh - 62+ 706 7.10 Viang - xanh
Phenal do 68 + 84 781 Ving - do
Cresol tia 76 + 92 Vang - tia
Phenclphtalein 83 + 10 Khong méu - héng
Thimolphtalein 93 + 105 . Khdng maw - xanh
Alizarin vang GG 10+ 12 Khéng méu - ving

Cdc yéu t6 dnh hicéng dén khodng pH déi mau cia chdt chi thi

a) Anh hudng ciia hiéu @ng muébi: Cac chit dién li ¢6 anh hudng dén mau cia chat
chi thi axit ia do:

- Ching lam thay ddi cudng d6 mau cia mét trong hai dang.

- Ching lam 4nh hudng dén cin bang cla hai dang ¢ mau vl khi k& dén hoat do
thi ti s6 ndng do can bing sau logarit con cd gia tri cdc hé s6 hoat d6. Do d¢ khoang
pH d8i mau thay d&i theo cac chdt dién li khac nhau. Tuy nhién khi ndng dd chat dién
li khong 16n thi sy thay déi dd khéng nhigu.

b) Anh hudng cia nhiét dé: Khi nhiét d6 thay déi thi tich s6 ion ctia nuéc va hing
s6 axit, bazo clia chdt chi thi thay d6i. Vi vy anh hudng cia nhiét d¢ déi voi cac chat
chi thi khac nhau la khac nhau.

Vi du: khoang ddi mau ¢ 18°C va 100°C cta metyl da cam va phenolphtalein lan
lugt la:

3,1 +44 va 25+ 37
82 + 10 81 =90

¢) Anh hudng ctia dung méi: Khi dung cac dung moéi khic nudc thi du rugu etylic,
metylic va cdc xeton nhu axeton... l1a cic dung moi ¢ hing sé dién moi nhd hon cla
nuéc thi cudng d6 axit hodc bazo ciia chit chi thi sé thay ddi. Do dd, khodng pH thay
déi (thudng dai ra).

Chi thi hén hop:

D& nhan biét dudge r56 rét va chinh xdc sy d8i mau cla chat chi thi, ngudi ta con
dung cac chi thi hén hgp thudng 1a hén hgp ciia hai chét chi thi axit - bazo. Nha dung
chi thi hén hgp, ngudi ta ed th8 nhan biét duge khoang pH d8i mau rdt nhé va ro: tu
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0,2 + 0,5 don vi pH. Cac chdt chi thi nay rat t8t cho cac trudng hep chudn do cdc axit,
bazo y&u cd néng dé nho.

C6 hai cach digu ché chdt chi thi hén hgp:

- Tron lan hai chdt chi thi ¢ khoang pH d8i mau gan nhau va ¢d mau phu nhau
theo mét ty lé nhat dinh.

Thi du: chi thi hén hop gdom thimol xanh va phenolphtalein {theo ti 1& 1:3) d8i mau
rit ro6 ti vang sang tim 6 pH = 9. '

- Tron mot chat chi thi axit bazo va mé6t thude nhuém 6 mau phu v6i mau cia mot
trong hat dang mau cta chéit chi thi theo mét ti 1é nhat dinh.

Thi du: chi thi hén hop gém d6 trung tinh va metylen xanh (theo ti 12 1:1) d8i mau
ti tim sang luc ¢ pH=7.

4.2. Dudng dinh phan

Dudng dinh phan trong chudn dé axit - bazo 1a dudng bi€u dién sy lién hé gita ndng
dé can bang cia ion H* va Itgng axit hosc bazd da chudn d6. Thiét lap duge phuong
trinh dinh phan, ta ¢6 thé v& duge dudng d¢ d& thdy dugc sy bién thién pH cia dung
dich trong qué trinh chudn do, d€ chon chét chi thi thich hgp cho viéc chudn dé va khi
cd phuong trinh dudng dinh phan ta dé dang tinh duoe sai 86 chi thi.

4.2.1. Duirng dinh phin khi chudn 46 axit manh biing buze manh

Gia s chugn do V, ml dung dich axit manh HA nbng da C,, (mol/lit) bAng dung dich
chuidn baze manh NaOH hoac KOH nong dé6 C (mol/lit),:
Phuong trinh phan dng chudn d¢ la;
HA + NaOH = NaA + H,0
hoac viét dudi dang ion:
H* + OH™ = H,0
Goi F 1a phan axit da duge chudn do, tic la:

856 milimol bazo da thém vao cv

F = = {4-4)
58 milimol axit ban dau cCv

a o

Phuong trinh bao toan proton cia dung dich trong qua trinh chudn d4:

Covo
[H'} = ———— =[OH"] -

(4-5)
V,+V V,+V
CV - ‘IUCU
————— = {OH"] - [HY) (4-6)
V,+V
. V,+V
Pua F vao phuong trinh (4-6) bing cdch nhan 2 v& cia phudng trinh vai v
vV - CV, V,+V oo
ta cd: = ([OH"] - [H*])) ——— (4-7)

cCVv

O 0 a o

V,+V
F—1=(O0H] - [H]) -2 (4-8)

LRI ]
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Phuong trinh (4-8) la phuong trinh tdng quéat cia dudng dinh phan, nd cho ta biét
m6i lién hé gita pH cta dung dich va phin axit di dugc chudn d§. Né&u biét duge gid
tri ctia V, ta biét duge F va dua vio phuong trinh trén tinh duge [H*], tic la pH cia
dung dich.

Khi méi chudn d6 con tudng d6i xa di€m tuong duong, trong dung dich con nhiéu
H*, nén [H*] >> [OH™] nén tit (4-8) suy ra:

H1 =1 - F i (4-9)
+ Vv

L4

Phuong trinh trén cho ta thiy ndong d¢ [H*] bang ndng do axit chua duge chudn dd
da bi pha loang bing V ml dung dich chudn NaOH dugc thém vao. Tuy nhién, digu nay
chi dung khi con tuong d6i xa di€m tuong duong. Cang gan di€m tuong duong ta cang
phai ké dé&n sy phan li cia nudc. Tai di€ém tuong duong, khi F = 1, tit (4-8) ta cd:

[HY] = [OH"] = V0 = 107 (8 25°C) '

Sau va xa diém tuong duong vi du tuong déi nhidu NaOH nén [OH™] >> [H*] va

tit phuong trinh (4-8) suy ra:

% 4O C(IVU

(H] =F-Dyy

[OH"] = (4-10)

Sat trudc va sau diém tuwong duong, [H*] = [OH ] nén phai giai phuong trinh (4-8)
dé tinh pH.
Can chi ¥ rdng, sit diém tdong duong cd thé coi CV bang C,V,,, tic la:
VO C() V() + V CU + C
— =-— hoac: = (4-11)
v C Vv C

0

Thi du 1: V& dudng dinh phan khi chudn d6 10ml dung dich HC! 0,1IM bing dung
dich NaOH 0,1M.

Ap dung cdc cong thic (4-9), (4-10) két hgp véi (4-11) ta tinh dugc pH khi cho
nhitng thé tich NaOH khac nhau vao dung dich HCI d€ chuén d6 HCI. Cac két qua dugce
tap hop trong bang sau:

V (mb) 0 it 50 90 9% 99,9 100 100,1 101 110

F 0 0,1 05 09 099 0999 1 1001 L1 11
pti | L1 148 2,28 330 430 70 9,70 10,7 1168

Nhin xét vé duing dinh phin axit manh bing bazo munh:

- Trudce va sau diém tuong duong, khi F nhé hon 0,99 va 1dn hon 1,01 thi pH cua
dung dich bién d8i rdt it. Trai lai & ving gn diém tudng duang pH thay déi rat nhidu,
tao nén budc nhay pH & sat di€m tuong duong.

- Doan pH ung véi thoi di€m con 0,1% higng axit chua duge chudn dé va 0,1% lugng
kism du so véi axit, tic 1a khoang pH vng v6i F = 0,999 va 1,001 thudng duge quy udc
1a bude nhay ctia dudng dinh phan. Trong trutng hop nay buéc nhay cta duong dinh
phan la 5,4 don vi pH.
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e 3
3 2R

B T U N N L

Hink 4.1. Dwérng dinh phin dung dich HCI 0,1 M béng dung dich NaOH 0,1M

- Dua vao bude nhay cia dudng dinh phan ta cé thé dé dang chon chét chi thi. Trong
trudng hgp nay ta cho bit ky chat chl thi pH nao ¢d pT nim trong bude nhay tic la
trong khoang pH tit 4,3 dén 9,7 ta d8u c6 th€ nhan ra di€m tuong dudng voi sai s6
khéng vugt qua 0,1%.

- Nong dé axit cang 16n thi budc nhay cang dai.

Ta hay tinh pH ciia buée nhay.

Khi chuin d9 thigu 0,1%; tdc la:

vV, +V
F-1=-0001=(OH"] - [H]

0 0
Gia sit C,= C va gan di€m tuong duong, nén V gan bing V, ngoii ra cd thé bd qua
OH™ canh H*, nén phuong trinh trén dudc don gidn thanh

[

-103 = —[HY)
2.10°3
C

o

[H'] =

pH = —1g[H*] = -3 - 0,3 - 1gC = -3,3 — 1gC, (a)
Khi chufn d6 thita 0,1%, tidc la:

V., +V
F - 1= 40,001 = ((OH™] - [H']) ———

Vi sau diém tuong duong nén ta bé qua [H*] canh [OH~] va cd thé coi V bang V,
nén phudng trinh trén duge don gidn hda thanh:
2 1014
+ 0,001 = [OH"] — = 2
c [H*]C,

[4]
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. 10-11.2
HY) =———
[H7] c.
pH = —log[H*] = 11 - 0,3 + logC, = 10,7 + logC (b)
Bude nhdy bang hidu s8 hai gia tri pH trén ApH.
ApH = 10,7 + logC, — 3,3 + 1gC, =74 + 2logC,, {c)

Thi du 2: Tinh pH cia buéc nhay trong cic trudng hop sau;

Chudn d¢ dung dich HCI ¢6 ndng dé bing: a) 1M; b) 0,1M; ¢) 0,01M va d) 0,005M
bang dung dich HCl ciing ndng dé.

Sau khi ap dung céng thic (c) trén va tap hgp cic két qua trong mot bang ta cs:

Nong 46 1 0,1 00! 0005 001

Budc nhay 74 dvpH 54 dvpH 34 dvpH 28 avpll 14 dvpH

Ta thiy ngay rang budc nhay pH tai diém tuong duong khi chu&n 4o axit manh
bing bazo manh cliing ndng d¢ cang 16n khi ndng 46 cang lon.

Sui 58" chi thi

Trong phén tich thé tich ndi chung va phuang phap chuéin d8 axit - bazo ndi riéng,
ngoai sai s6 thé tich do dung cu va st dung dung cu (buret, pipet, binh dinh muc) gay
nén con hai loai sai s4 quan trong khéc la sai s6 do p7 clia chét chi thi khong trung véi
pH & di€m tuong duong goi tat 14 sai s§ chi thi va sai s6 do xac dinh sai pT cia chat
chi thi tde la xdc dinh pH & diém cuéi duge goi la sai s6 di€m cudi.

Sai 56 chi thi: 1a sai s6 do diém cudi dugc nhan ra bing chit chi thi ¢6 pT khong
trung véi di€ém tuong duong. Ta hay thist lap phuong trinh tinh sai s6 d6 dudi dang sai
88 tuong d6i S. Theo dinh nghia:

cvV - CV

a0

S=——"=F-1
CDVO

hodc dudi dang phin tram: 8% = (F - 1).100

Khi F nho hon 1 thi S 1A phan axit chua dugc chuin d6 va ¢ ddu am. Khi F lan
hon 1, S 14 phan axit tuong duong véi lugng bazo du va ¢6 ddu duong. Dua vao phuong
trinh duong dinh phan, ta lap duge phuong trinh sai s6 chi thi theo pH & diém cudi tuc
14 theo p7T cua chit chi thi. D&i vai truang hop chuin d¢ axit manh bing bazd manh tit
phuong trinh (4-8), ta co:

+V
§=F, - 1= ({OH"}, -[H'], otV (4-12)
CV

00

trong dd: ¢ la chir viét tat cda chit cudi. N&u k&t thic chudn d¢ & gan di€m tuong duong
thi:
v,+VvV C,+C
CV = CV nén = {4-13)
14 c,C

Q
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Truée di€ém tuong duong, néu H* >> [OH™] thi:

, TV
S = _[H+]c_ (4-14)
cV, .
Sau diém tuong duong, néu {OH™], >> [H*], thi:
vV, +V
S = [OH™]), ——— (4-15)
cV

o0
Néu 0 sdt di€ém tuong duong thi dung phuong trinh (4-13)
Thi du I: Tinh sai s chudn dé dung dich HCI 0,1M bing dung dich HCl 0,1M néu
két thic chudn d§ & a) pH_ = 5,0 va b) pH, = 10,0.
Trudng hop a, ta 4p dung (4-14):

0,1 + 0,1
A= ~10° ———— = —0,0002 tic la —0,02%
0,1 x 0,1
Trudng hop b, ta dp dung (4-15):
0,1 + 0,1
A=10% — = 0,002 tic 1a 0,2%.
0,1 x 0,1

Thi dy 2: Néu chudn do dung dich HCI] 0,1M bing dung dich NaOH 0,1M thi cin
ké&t thic trong khoang pH nao dé€ sai s6 chi thi khéng qua 0,1%
D6i vai sai s6 —0,1% tiic 14 § = —0,001; nghia 13 lugng NaOH thém vao chua du.
Ap dung cong thite (4-14), ta cd:
01 + 0,1
- 0,001 = [H*], ~———
0,1 x 0,1
[H*] = 5.105 > pH = 4,3

D61 v6i sai 6 +0,1%; tdc la S = +0,001; nghia la lugng NaOH thém vao du; ta
dung (4-15): ! '

0,1+ 0,1
+0,001 = [OH™], ————
0,1 x 0,1
10-14
[HY). = = 510" —pH = 9,7
k [OH™],

Nhu vay, mudn sai sd chi thi khong vugt qua 0,1%, ta phai két thic chusn dé trong
khoang pH tir 4,3 va 9,7 hay ndi cach khac la dung cdc chit chi thi ¢cd p7 nam trong
khoing 4,3 + 9,7.

4.2.2. Duwing dinh phin khi chudn d¢ bazo manh bing uxit manh

Khi chuén d¢ axit manh (thi du: HC) bing dung dich chuin baz¢ manh (thi du;
NaOH hodc KOH) pH cia dung dich tang dan trong qua trinh chusn 45 va tai diém
tuong duong cd sy ting dot ngdt pH tao nén bube nhay tang pH trén duong dinh phén.
Khi chuéin d6 dung dich bazo manh kifu NaOH hoac KOH bing dung dich axit manh
(thi du: HCD) thi sy thay dé6i pH trong qua trinh chusn d¢ cing x4y ra tuong tu nhung
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chi khac 1a pH giam trong qua trinh chuin d6. Phuong trinh dudong dinh phan cing
duge thist lap tuong tu, ta cé thé hoan vi phuong trinh dudng dinh phan cia truing
hgp trude bing cach thay [H*] bang [OH™) cho dudng dinh phan cba trudng hop nay.
 Thi dy: Chuén dé V,ml dung dich baze manh bang dung dich axit manh nong d¢ C.
Phuong trinh bao toan proton cia dung dich trong qua trinh chudn d¢:

CV ('IV(l
H] - ———— = [OH7] - — (4.16)
V,+V vV, +V
4% .
Dua F = vao phuong trinh trén ta dudc:
C'IV'I
LA B ; + V
F-1=(OH"] - [HY - (4-17)
cVv

(AT §]
Trude va tuong ddi xa diém tuong duong, tiic la khi [OH~] l6n hon [H*] nhiéu, ta
b6 qua [H*] canh [OH™], nén (4-17) dugc don gidn hda thanh:
l)V()

k
0 _(po 1) 20 (4.18)
(H"] Vo+V

(OH7] =

Tai diém tuong duong:
[H'] = [OH] = kyy = 1077
Sau va xa diém tuong dudng, ta bo qua [OH~] canh [H*], nén:
Vv
[A I+

[HY] = (F - 1)
V. +V

{4-19)

Trong trudng hop nay dudng dinh phan ciing ¢d dic tinh nhu trudng hop trén, chi
khic la pH giam trong qud trinh chuin d¢.

Dudng dinh phan dung dich NaOH biang dung dich HCl 0,1M la duiing d6i xding
hoan toan véi dudng dinh phan dung dich HC1 0,1M bang dung dich NaOH 0,1M. Vi
viy viéc tinh buéc nhay cia dugng dinh phan va sai s8 chi thi dé chon chat chi thi cing
hoan toan gidng nhau, ta dé dang suy ra duge, & day khéng lap lai nia.

4.2.3. Chuitn d6 don axit yéu biny bazo manh hodc don bazo yéu bing axit manh

e Phuong trink dudng dinh phén khi chudn dé axit yéu HA bang bazo manh
Gia st chudn d¢ V, ml dung dich axit yéu HA hang s6 K, bang dung dich chuén
NaOH ndng d6 C (mol/lit).
Phan dng chuin dé:
HA + NaOH = NaA + H,0O
HA + OH™ = A~ + H,0
Phuong trinh bao toan proton cta dung dich trong qua trinh chudn d xudt phat tu
san phim ctia phan dng la A~ va H,O:
cv

l)V(‘I

[H*] + [HA] - ={ OH7] -

V(I+V V0+V
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(047
Ta cling dat F = vA dua F vao phudng trinh trén, ta duoge:
cCVv
0 0
v - CVv, vV, +V [H*)]
F-1= = ([OH7] - [H*]D - (4-20)
.CUVO CllVll [H+] + Kil

Phuong trinh trén la phuong trinh bac 3 theo [H*] nhung trong céc giai doan ciia
qua trinh chudn d6 no cé thé duge don gidn hoa.

- Khi chua chudn d§ F = 0, V = 0 trong dung dich axit ndng d¢ C, ta bd qua ndng
dd ion OH™, phudng trinh (4-20) duge don gian hda thanh:

K.C,
(H*Y] =¥————— - (4-21)
K, + [H*]
va néu (H*] >> K, thi [H*)? = K.C,. (4-22)

Ta c6 cong thic quen thuge tinh pH cia dung dich axit y&u va tit cong thic dd dé
dang suy ra: :
pH = 0,5pK, — 0,51gC, (4-23)
- Sau khi thém V ml NaOH vao nhung con xa diém tuong duong, thi [H*] va
[OH™] thudng nhé hon [Na*] va [A~] nhidu nén c6 th€ bé qua s6 hang (OH~]- [H*])
V. +V

oV do d6 phuong trinh (4-20) trd thanh:

ana [H+]
Fol=-——— (4-24)
[HY) + K,
1-F
ti (4-24) suy ra duge: [H*] = - K, {4-25)

Trong phuong trinh (4-25), 1 — F \ing v6i phan axit HA con lai chua duge chusn
do, con F dng v6i phan axit da duge chudn do d€ sinh ra bazo A~ lién hgp véi né. Vi
vdy, phuong trinh d6 chinh la phuong trinh tinh pH cia dung dich dém gom axit HA
va bazo lién hgp A~.

Tai di€m tuong duong F = 1, ta cd dung dich A~, nén [OH] >> [H*], va phuong
trinh {(4-20) tré thanh:

[H+] Cn + V.
— —joHT o
K, + [HY] c.c
[H+] kHzU C(l +C

hode: =

K, +[H] [H] CC

Néu axit khong qué yéu thi K, >> [H*], nén ta cd thé€ bd qua [H*) canh K, va
phuong trinh trén chi don gian thanh:

C, +C
c.C

o]

[H*]? = & HzO'Ka
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(He c,+C
] = k0K, —— (4-26)
Hy0 4 c.c
Day chinh la cong thiic tinh pH ctia dung dich A~ cd k& dén su pha loang.
Sau va tuong d6i xa diém tuong duong F > 1 ta ¢6 dung dich baze y&u A~ va bazg
manh NaOH du, nén [OH"] >> [H*] va néu:

[H*] vV, +V V,+V
———— = [HA] << [0H ] ~—r
KH + [H ] a0 ’ C(IVU
tic 1a [HA] << [OH™] thi phuong trinh (4-20) chi cbn la:
vV, +V
F-1=[OH]—>—
CUVU
C(IV()
hodc [OH}=F -1 (4-27)
vV, +V

O vung sat diém tuong dng voi 0,999 < F < 1,001 chi bo qua duge [H*] canh [OH™]
va thudng khong bé qua duge s6 hang nao trong hai s hang:

[H*] V,+V
- ————— wva [OHT]
K, + [H*] v,V
ta phai giai phuong trinh:
H*] KoV, +tV
Foleo 2 — 22 (4-28)
K, + [H") [H] CV,
pH
Rt
10+
8 1
84
4
0z e 1 s F

Hinh 4.2 Duimg dinh phin chufin d3 CH,COOH 0,1M bing NaOH 6,1M
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Thi du: V& dudng dinh phan chusn d5 100 ml dung dich CH,;COOH 0,1M ¢¢ pK, =
4,75 bang dung dich chu&n NaOH 0,1M. Ap dung cic phuong trinh (4-23), (4-25), (4-26),
(4-27) va (4-28) ta tinh duge pH tai cac diém khac nhau cla qua trinh chusn do va tap
hop két qua vao bang sau:

Vo) U 20 50 o0 29 999 100 00,1 10} 110 150

F 0 02 05 0y 0,99 0,999 L0 1601 L1 1,1 L5

pH 288 z4 4,15 580 68 78 8,74 97 10,7 ILe 125

—

Nhan xét vé duong chudn dé trong truong hap chudn do axit yéu bdng bazo manh

—'Ci“'ing giéng nhu trong chufn d6 don axit manh bing bazg manh, trudec va sau
diém tuong dudng trong chuin d6 don axit y&u bang bazo manh pH it bién d8i theo F,
nhung & sat di€m tuong duong pH tang dot ngot theo F tao nén bude nhdy cta duong
dinh phan. N&u cing quy ude budc nhay pH 1a ing véi sy chusn dé thita va thigu 0,17
lugng axit thi trong truang hgp nay budc nhay ngin hon trudng hop chuin dé axit manh
bing bazy manh (1,9 don vi pH so véi 5,4 don vi pH).

- Khde vdi trudng hop chudn d6 axit manh, khi chudn d6 axit y&u pH tai di€m tuang
duong khong bang 7,0 ma 16n hon 7 vi san phdm cia phan dng chudn dé la bazo yé&u
CH,CO0~.

- Bude nhay cua dudng dinh phan phu thude vao cudng dé axit. Axit cang y&u thi
bugc nhay pH & ving diém tuong duong cang ngén. Ta hay gid st chuin d¢ cdc dung
dich axit HA ndng d4 0,1M bang dung dich chuin NaOH 0,1M. C4c axit dd g pK, lan
lugt 1a 3; 4; 5; 7 va 9. Trong trudng ndy ta sé tinh pH tai didm tudng duong va bude
nhay 14 gia tri ApH khi chufin d¢ thigu va thita 0,2%.

D& tinh cac gia tri pH ¢ diém tuong dudng va gia tri ApH, ta sé giai phuong trinh:

V. o+ V (H*]
F -1 = ([OH |- [H*]) - (a)
c.Vv, (H*] + K,

Khi tinh pH tai di€m tuong duong ta thay F — 1 va trong cac trudng hop ta bd qua
[H*] canh [OH™] va bé qua [ HY] canh K, trong bén trudng hop dau, Ngoai ra, vi C, =
Cnén khi F =1 va F = * 0,002, ta cd

V,+V 2

cV, C

1]

pH tai di€m tudng duong dugc tinh bing phuong trinh sau:

2 1
pH,, = {pkHzO + pK, - log— ). —

[ ¢]

=7+ 0,5pK, — 0,15 + 0,5lg0,1 = 6,35 + 0,5pK,

Khi giai phuang trinh (a) v6i F — 1 = 40,002, d6i vdi cdc axit c6 pK, nhé hon hay
bang 7 cd thé bé qua [H*] canh [OH™] va ho qua s6 hang thit hai cia phuong trinh (a),
tic 1a 56 qua sy thuy phan cia A~ va chi k& tdi su du jon OH™ sau diém tuagng duong.
Khi axit ¢6 pK, = 9 khi tinh pH chi bé qua [H*] canh [OH™] trong phuong trinh (a).
Vdi cac gid thiét trén, sau khi giai phuong trinh (a) da dugc don gian hda trong tiing
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truttmg hop, ta duge cac két qua trong bang sau:

Cuirng dg axit {pK ) pH trong duong Bude nhiy pH ApH
30 785 57 + 100 43 dv
40 833 67 + 100 33 dv
50 8,70 77 = 100 23 dv
70 985 9.7 + 103 043 dv
90 1085 1084 « 1091 06 dv

Qua cac két qua trén ta thdy, cac dung dich axit cing ndng doé nhung cd pK, khac
nhau thi véi axit cang yéu, tic cd pK, cang lén thi pH tai diém tuong dudng cang 1on
hon 7 nhidu va bude nhay pH tai digm tuong duong cang ngén. Khi pK, bang 9 thi thuc
t& khong cé bude nhay. D8i véi axit c6 pK, bing 7 budc nhay pI chua dat dugce 0,5 don
vi pH; nén kho chon duge chdt chi thi d€ ¢6 thé phan biét dugc su d8i mau bing mat
thutng. D4&i véi axit ¢6 pK, bang 8 hoac 9 thi khéng thé chudn d§ dude vi khong thé
chon dugce chAt chi thi.

Budc nhay cia dudng dinh phan edn phu thudéc vao ndng 4o ciia axit can chuén dob
va ndng d6 cta dung dich chudn bazo manh.

Ta hiy tinh budc nhay dudng dinh phan khi chuén do ciac dung dich CH;COOH pX,
= 4,75 ¢6 cac ndng do 1a 1,0; 0,1; 0,01; 0,001M bing cac dung dich chudn NaOH cung
néng d46. Trong trudng hop nay gia si budc nhay ung véi F — 1 = +0,002; tdc 1a chuan
46 thidu va thita 0,2% lugng axit cin chufn d6. Sau khi giai phuong trinh (a), ta dugc
cac két qua & bang sau:

Nong do CH;COOH va NaOH pH budrc nhiy Apli
L0 M 745 + 110 3,55 dv pll
0.10M 745 + 100 255 dv pll
0.0M 744 + 90 1,50 dv pH
0,00 M 737 = I8 043 dv pH

Qua cdc vi du trén ta thdy budc nhay cang ngin néu ndng do axit cang nho. Cac
dung dich ndng d6 nhd hon 0,001 M gan nhu khéng c6 budc nhiy, nén néu chudn do sé
méc sai s6 chl thi rit 16n hoac khong thé chon duge chat chi thi.

e Phuong trinh tinh sai s6 chi thi khi chudn d¢ axit yéu bang bazo manh.

Tit phudng trinh dudng dinh phan ta rit ra phuong trinh tinh sai s6 chit chi thi:

[H*], V,+V
- —— 2 4 (OH"], - [HY])) —— (4-29)
K, + [H'], cV

0

S=F -1

C

Né&u diém cudi gan diém tuong duong thi:

[H*], c,+C )
- ——= 4 ([OH"}, - [H*]) ——— (4-30)
K, + [H'], c.C

4]

S=F -1

[

Tuy theo pT cta chét chi thi, ta cd thé don gian hda duge cac phuong trinh trén
thém n{a.
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Thi du I: Tinh sai s6 chi thi, khi chuin d¢ dung dich CH,COOH 0,1M bang dung
dich NaOH 0,1M dung cic chét chi thi ed pT hiing: a) 4,0; b) 8,0; ¢) 9,0.
Truéc hé&t tinh pH tai diém tudng duong theo (4-26):

: 0,1 + 0,1
[H*] = /101410475 — = 1,72.10°
0,1 x 0,1
= 8,74

a) Trudng hop pH =

Vi [H*] = 104 va [OH ] = 10°1% nén cd thé bé qua s6 hang tha hai trong phuong
trinh (4-29) dé& tinh sai sé:
-10+
§ = ———— = -0,85 tiic la —85%
10475 + 104

Nhu vay la sai s§ am rét 1on: 85% lugng axit chua duge chuidn da.

b) Trusng hop pH = 8:

Ta két thuc chudn d9 trude diém tuong duong nén vin bo qua sé hang thi hai trong
phuong trinh (4-29) d& tinh sai s8:

~108 ~108

S = = = 10325 = 0,00056
10475 + 108 10475

hoac —0,056%. Sai s6 kha nhd vi chi con 0,056% luong axit chua bi chuin dé.

c) Truong hgp pH = 9:

Ta két thdc chudn d6 sau diém tuong duong khi da du lugng nho kitm cta dung
dich chuan. Trong trudng hop nay ta bé qua s hang thd nh4t trong phuong trinh (4-29)
dé tinh S:

10°14(0,1 + 0,1)

S = = +0,0002 hoac +0,02%
10?7 x 0,1 x 0,1

Sai s6 rdt nho vi chi chudn thita 0,02% luong axit.

Thi dyu 2: Tinh sai s6 chudn d8 dung dich CH 3COOH 10-M bang dung dich NaOH
cung néng dd va két thic chudn do khi pH = 7,5.

Ap dung phuong trinh (4-26) d€ tinh pH di€m tuong duong:

2
PH = 0,5pKy, + 0,5pK, — 0,5lg —
C

"

0
7+ 2,38 — 0,15 + 0,5lg 0,001 = 7,73
Khi két thiic chudn d6 & pH = 7,5 tic 1a sat trudc di€m tuong duong, ta tinh sai
s theo phuong trinh (4-30):
19:7:5

=————— + (10°%5 — 10:75)
10475 4+ 1075 0,001

= —0,0028
tuc 1a —0,26%. Sai s nay chdp nhan duge.
o Phuong trinh duong dinh phan bazo yéu béng axit manh

Tét ca cac lap luan déi véi truang hop chuén d6 axit yéu bing bazg manh ciing dung
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duoce cho trudng hop chudn db don bazd y&u bang axit manh. Vi vay, chi cin hodn vi
H* cho OH~ va thay K, bang K, trong phuong trinh (4-20) ta sé dugc phuong trinh
dutng dinh phan dung dich don bazo y&u bang dung dich don axit manh.

V, o+ V [OH]

4]
cVv, K, +[OH]

Phuong trinh d6 bi€u thi F — 1 theo [H*] va [OH™] va K. Nhung ta ciing cd thé
thi&t lap phuong trinh dutng chudn do¢ theo cach tuong tu va biu thi F — 1 theo [H*],
[OH™] va K, 1a hing s8 axit cla axit y&u lién hgp véi bazo. Phuong trinh d¢ nhu sau:

V. +V K,
F - 1= ([H*] - [OH™] - (4-32)
Co¥o [H'] + X,

F — 1= (H*]-[CH™] (4-31)

Dé vé dudng dinh phan hoac tinh sai 6 chi thi ta ¢d thé dung phuong trinh (4-31)
hodc (4-32) véi ecung mot két qua,

Ciing tuong ty nhu dudng dinh phan don axit y&u bang don bazo manh, duing dinh
phan don bazo y&u bing don axit manh, (thi du: chuin d¢ dung dich NH; bing dung
dich chuidn HCI) cd nhitng tinh chit tuong tu nhau. DSi v6i trudng hgp nay, pH & diém
tuong duong khéng phai la 7,0 ma nhé hon 7 va phu thudc vao ndng do dung dich baza
can dinh phan vi dung dich & diém tuong duong la dung dich don axit lién hgp véi bazo
cin dinh phan. Dudng dinh phan ciing ¢d budc nhay pH ¢ ving di€m tuong dudng va
buéc nhay nay ngin hon budc nhay cda dudng dinh phan don axit manh cling ndong 4o
bing don bazo manh. Budc nhay dai hay ngin con phu thudc vao cudng d6 bazo va ndng
d6 ctta nd. Bazo cang yéu (pK|, cang 16n) thi budc nhay cang ngin. Nong d¢ bazd can
dinh phan cang nhd thi bude nhay cling cang ngén.

Ta hay ding phuong trinh (4-32) d€ tinh pH tai di€m tuong duong va pH bude nhay
{vdi quy udc chudn do thidu va thura 0,2% luong bazo) khi chuéin 46 dung dich NH, cd
ndng dd khac nhau 1M; 0,01M va 0,001M bang dung dich HCI cang nong dd.

Tai di€m tuong duong tdc 1a khi F = 1, phuong trinh (4-32) ducc don gian hda khi

V. +V
bo qua [H*] canh [OH"], K, = Ky+-10225 canh [H*] va C, = C nén khi d6 —
N s . 2 4 0 cCV
trd thanh 2/C  va ta co: 670
2 1025
F-1=0nén — [HY] =
C, [H*]
1
va: [H']? =—K,C,
2
pH = 0,5pK_ + 0,5 log2 — 0,5 logC

= 4,63 + 0,15 — 0,5 logC, = 4,78 — 0,5 logC,

Khi giai phuong trinh (4-32) voi F — 1 = —0,002; titc 12 dau bude nhay ta cé thé bd
vV +V 9
— + - + Y e a -
qua [OH. ] canh [H*] va KNH;' canh [H*] dong thoi thay 7COVQ = ——Cn.

Khi giai phudng trinh (4-32) v6i F — 1 = +0,002 tdc la cudi budc nhay khi da du
0,2% lugng axit cAn d€ trung hda NH, ta bé qua s6 hang thi hai trong phuang trinh
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d6 va dong thai bé qua [OH~] canh [H*] & s6 hang tha nhat. Véi su don gidn hda do,
sau khi gidi ta duge cdc két qua & bang sau:

Nong d6 dung dich NH, (mol/lit) PH,, F =1) pH bude nhiy (# - 1 = 20,002)
LOG 4,78 655 + 300
0,10 528 655 =+ 400 |
01 578 656 = 500
0001 6,28 716 + 597

D¢ tinh sai s6 chi thi trudc hét ta cing tinh pH tai diém tusng duong dé don gian
hda viéc giai phuong trinh:
V,+V K,
S = F, - 1= ([H"), - [OH]) -
cv (HY], + K,

LR b

Thi du: Tinh sai 86 khi chudn d5 dung dich NH, 0,1M bing dung dich HCI 0,1M
dung chét chi thi cd pT bang a) 5; b) 4,0
a) Truong hop két thic chudn d6 khi pH = 5. Ta tinh pH tai di€m twong duong:
pH,, = 4,78 - 0,51g0,1 = 5,28 _
Khi pH = 5,0 tc 1a [H*] = 10 nén c6 thé b6 qua [OH"] canh [H'] va bé qua
KNH;{ canh [H*]. Vi pH nay gan pH tai di€m tuong duong va vi C, = C nén thay

VO +V 9
Cuvo Co
2 10-2.25

S = (10—5 .—)— —— =210° - 10425 = +1,44.10 hosc +0,0144%.
0,1 103

b) Truing hop két thic chubn dé khi pH = 4,0. pH nay tuong d6i xa pH di€m tuong
duong, nén ta bd qua s6 hang tht hai trong phuong trinh tinh saj s6, bé qua [OH™]
canh [H*] trong s6 hang thud nhat.

2
S =10%, — = +2,103 hoac +0,2%
0,1

4.2.4. Cdc vi du khdc vé chuin d6 don axit Yéu hoiic don baze yéu

Thi du I: Can thém bao nhiéu ml dung dich NaQH 0,1M vao 50ml dung dich
CH,COOH 0,2M d€ pH cua dung dich cuéi cing bing a) 4,0; va b) 7,0.

Goi thé tich dung dich NaOH 0,1M cin thém vio 1a V(mD). D€ tinh V ta dung phuong
trinh dudng dinh phan:

cv V. +V [H*]
pn - 1 =(0H"] - [H*]) cv ]+ K (a)
0 [5 I 4] a

a) Truong hop pH = 4; thay vao (a) C = 0,1, C, = 0,2; Vv = 50, [H*] = 10~4;
[OH7] = 107, K, = 10475 rbi thuc hién cac phép tinh ta duge V = 15,18 ml.

b) Trudng hop pH = 7,0: ta cing thay nhu trén chi khac trong trudng hop b nay
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thay [H*] = 107, [OH"] = 10-7 rdi thuc hién cdc phép tinh, ta duge V = 99,44 ml.
N&u chudn do6 50ml dung dich CH,COOH 0,2M bang dung dich chuin NaOH 0,1M
thi d€ dat dug¢e di€m tuong duong can thém vao: :
0,2
50.0,2 = V.0,1 suyra V, = 50—— = 100ml,
0,1
Theo tinh toan cta vi du trén, khi thém vao 99,44 m} NaOH 0,1M thi pH cta dung
dich cudi ciing bing 7,0. Nhu vay, néu dung chit chi thi cd pT bang 7,0 d€ x4c dinh
diém tuong duong thi sé mic sai s6 1a:
99,44 — 100

= — 0,0056 tuc 12 —0,56%
100

Thi du 2: Can 1,25g axit y&u HA, hoa tan trong nudc cdt thanh 50,00 ml dung dich
A. Ding dung dich chufn NaOH 0,09M d€ chusn d¢ dung dich A dd. Biét ring khi thém
vio A 8,24 m] NaOH thi pH ciia dung dich bang 4,30 va khi thém vao 41,20 ml NaOH
thi dat duge diém tuong duong. Hay tinh khéi lugng phan t cia HA va hang s6 axit
pK, cua axit dd. '

Dit M 1a khéi luong phan ti cia HA va K, 14 hang s3 axit cia no.

Khi chuin d6 50 ml dung dich HA bang dung dich NaOH 0,09M thi thé tich NaOH
iing voi di€m tuong duong la 41,2 ml. Vay ta co:

€y 50 = 0,09.41,2 (b)

Theo dau bai,ndng do Cyy, cta dung dich A la:
1,25 x 1000

Cya = (c)

M x 50

Tir (b) va (c), suy ra M = 337,11.

Thay C_, = (0,09.41,2)/50 = 0,07416; V, = 50, C = 0,09, V = 8,24; [H*] = 10-4.3;
[OH-] = 1097 vao phuong trinh:

cv-CcV V. +V Ht
C VG ~ = (OHT) — (D COV - [+ ]
LU ] 00 [H ] +Kd
ri giai phuong trinh dé dé tinh K, thi tim duoc K, = 1,26.10%.

Thi du 3: Gia st chudn dé axit y&u HA 0,1M bing dung dich chudn NaOH 0,1M vai
chét chi thi ¢é pT = 7,0. N&éu mudn sai s6 khéng vuot qua 0,1% thi hing s6 axit pK,
clia nd phai ¢d gid tri nhu thé€ nao?

pH & diém tuong duong la pH cia dung dich chi cd A~ phai l6n hon 7,0 ma ta két
thic chudn 46 & pH = 7 tic 1a trude di€m tuong duong.

Theo thé& thidc tinh sai s6:

107
§=— ——— = -0,001
K, + 107

D€ tinh K, ta giai bdt phuong trinh:
103K, + 1010 > 107 » K, > 104,
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Nhu vay néu K lén han 10- 4 thi c¢6 thé chudn dé vai chat chi thi cd pT = 7,0 dé&
sat 86 khong vugt qua 0,1%.

4.2.5. Dudng dinh phin chudn 46 dua axit bling bazo manh

Ta hay thiét lap phuong trinh dudng dinh phan khi chudn d8 dung dich da axit H,A
néng dé mol la C, bang dung dich chuéin bazg manh NaOH néng 46 mol C. Sy chusn
dd nay dugce tién hanh theo 2 née:

HA+ OH™ - H,O + HA™ (a)
HA™ + OH™ - H,0 + A% (b)
Trong trudng hop nay ta ciing bidu thi mic chuin dé bang dai lugng F véi dinh nghia:
cv
T ov

tuc 14 phan axit da duge chuin da,

Khi chuin d¢ theo ndc thd nhat, tde 13 tién hanh chuin dé theo phan dng (a) thi
tai di€m tuong duong thi nhit, ta c6 F = 1. Khi chusn dd theo ndc thit (2), tuc 1a tiép
theo phan ung (b), thuc hién tiép phan ing (b), tai di€m tuong duong thu hai, ta co F
= 2

Trong trudng hop chudn dé da axit nay ta cling ¢d ¥, — 1 1a sai s6 khi chudn do
theo ndc thd nhat va F_. ~ 2 la sai s6 chi thi theo ndc thd hai.

Ta hay thi&t 1ap phuong trinh dudng dinh phan theo nic thd nhat.

Ta viét phuong trinh bao toan proton xuit phat tU sdn phdm phan dng (a), tdc 1a
tlt HA™ va H,0 khi cd mat H,A va da thém vao V ml NaOH:

cvV cv
H*] + [HA] - —— = [OH"] - — 4 [A2
[H*] 2 i | [A]
V., +V V. +V

cv-CvVv

00

— 22 _10H™) - IH* 29 _
v 1 v [OHT] - [H*] + [A%] - [H,A]

= [OH] — [H'] +—20° il Sl
Vo + V. [H'] + K|[H'] + KK,
V,+V
Nhan hai v&€ ctia phuong trinh trén véi , ta duge:
c.V, _

CV - C .V, V,+V KK, - [H*)?

———— = (F - D(OH"] - [H*]) + (4-33)
V. +V CVe  [H']* + K|[HY] + KK,

Phuong trinh trén la phuong trinh bic cao theo [H*] nhung ¢d thé duge don gian
hda trong ting giai doan cia qua trinh chufn dé.

Khi chva chudn d6 V = 0, F = 0 ta bé qua duge [OH"] va [A%] canh [H,A] nén
{4-33) dugc don gidn hda thanh:

[HY] =—1° _ (4-34)
H* + K,



80 PHUONG PHAP CHUAN DO AXIT-BAZO

Khi méi chuin 4o, cdn xa di€m tuong duong thd nh4t, {H*], [OH~] va [A%] khong
dang k& so voi [H,A] va [HA™], phuong trinh (4-33) dugc don gidn hda thanh:

[H*]
Fol=—-—
[H] + K,

1-F

[HY] = K, (4-35)

Nhu vay, khi K, >> K, va thudng nhu vdy nén ta cd thé coi H,A nhu la don axit
y&u ndng d6 C, va ¢ K, = K| va ta cd phuoung trinh tinh pH ctia dung dich dém cia
he H,A va HA.

Sat diém tuong dudgng thd nhidt (buéc nhay pH thit nhit cia dudng dinh phan) ta
thudng bd qua duge [OH ] va hai s8 hang [H*]? (tuong ¥ng v6i phan H,A rit nhoé chua
duge chuidn dd) va KK, (tuong @ng voi lugng A% cing rdt nhé do HA™ phan li ra) trong
v& phai cia (4-33) nén phuong trinh dd duge don gian hda thanh:
vV,+V KK, [H}?

cv. K, [H*]

O aQ

F - 1=—{H

(4-36)

_Tai diém tuong duong thd nhat, khi F ~ 1 = 0, CV = C_V, phuong trinh (4-36) trg
thanh: ’
C,+C KK,- [H*)?

(7] .
c.C K [H']
c.C
KKy ————
C,+C
[H*] = (4-37)
c.c -
K, +—
c. +C

cC
Néu c :_ C 1én hon K, nhigu thi c6 thé bd qua K| trong mau s6 bi€u thic trong can
i3

cua (4-37) va (4-37) tré thanh:
{H*] = VKK, (4-38)

D¢ lap phudng trinh dudng dinh phan cho nidc thi 2, ta viét phuong trinh bio toan
proton ctia dung dich xuét phat tif cdc san phidm cia phuong trinh chuén dg nic d6 la
A va H,0:

cV, cv
[H*] + [HA™] + 2[H,A] - 2 = [OH"]-
V,+V V,+V
cv - 2CV,
————— = [0H7] - [H'] - [HAT] - 2[H,A]
V,+V

- C()Vu K] [H+] + 2[H+]2
= [OH7] - (H'] -
vV, +V [H'? + K,[H"] + K,K,
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V. +V
Nhan hai vé€ cia phuong trinh trén véi ———— ta duge:
cv
0
V,+V K [H*] + 2[H*]?
F—-2=(OH"] - [H']D - (4-39)
Cc.V, [H)? + K,[H'] + KK,

Phuong trinh (4-39) trén ciing la phuong trinh bac 3 theo [H*] nhung trong giai
doan cua qua trinh chufn d nd ¢d thé duge don gian hda.

Khi dang chudn do ndc thif hai, con xa di€ém tuang duong thi hai, ta ¢6 thé bé qua
duge [H*], [OH], [A%] va [H,A] nén (4-39) dugc don gian hda thanh:

[H']
F-2=———
(H'] + K,
2-F
va suy ra (H') = K, (4-40)
F-1

Phudng trinh (4- 40) chinh 1a phuong trinh tinh pH ctia dung dich hé dém HA~ va
A% Trong bigu thuc(4-40;, 2 — F @ng véi néng d6 HA~ con lai chua bi trung hoa, con
F — 1 \#ng v6i nong do phan HA™ bi trung hoa thanh [A?]. O sat di€m tugng ducng
thd hai ta cd thé bé qua duge {OH"], [H,A], [HA"] nén phuong trinh dudng dinh phan
con la:

VU + V [H*)

F -2 =[0H"] - (4.41)
C.V, [H*} + K, :

2C, +C V,+V
Tai di€ém tuong duong thd hai, F = 2. CV = 2C v, —Cc ="V nén:
. Qa
2C, + C [H*]
[OH7] = (4-42)
cC, (H*] + K,

Tuy theo gid tri cia K, so véi ndng dé ion H* di€m tuong duong (gia tri [H*] thuéng
1én hon 107 khd nhidu) ma phudng trinh trén con cd thé duge don gidn hdéa nda. Sau .
diém tuong dudng ngoai buéc nhay, khi du OH™, ta bo qua sy thaiy phan cha AZ- tuc
12 bd qua s6 hang thi hai v& phai phuong trinh (4-33), nén phuong trinh dd chi con:

-

V,+V o 10 v o+
cv, HY cCV,

{00

F ~1=[0H"] (4-43)

Thi du: V& dudyng dinh phan chuin db dung dich H,C,0, 0,1M bing dung dich NaOH
0,1M. H,C,0, cé pK| = 1,25 va pK, = 4,27.

Dé vé duyng dinh phan hay tinh pH khi F = 0,5; 0,9; 1,0; 1,1; 1,5; 1,996; 2,00:
2,004 va 2,5.

Ap dung cdc cdong thic trén day, tinh pH tai cac diém cta dudng dinh phan, ta duge
cdc két qua & bang sau: -
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F 05 09 1,00 LI0 L50 L9%6 200 2004 25

ptl L5 22 2,76 332 427 6,67 835 997 12,16

Nhan xét: Axit oxalic cd pK, kha nhé tic 1a K| kha lon, K| va K, khong 16n hon
nhau nhigu nén khi chuin do budc nhay d diém tuong duong thi nhdt hadu nhu khong
¢é, chi cd bude nhay ¢ diém tuong duong thid hai nhu khi chuin dé axit axetic cung
néng do. Vi vay, khi chufin d¢ axit oxalic ta chi chudn d6 theo nac thd hai va ¢d thé
ding cac chit chi thi c6 pT ndm trong khoang pH tit 7,0 dén khoang gan 10, thi du: e6
thé& dung phenolphtalein (hinh 4.3).

12

pH

10 1

T "

L

H 15 2 25F

Hinh 4.3. Bwong dinh phin dung dick I1,C,0,4 0,1M biing dung dich chufin NaOIl 0,1M

o Duvng dinh phan dung dich axit photphoric H;PO, bang dung dich chudn NaOH
Gia st phai chuéin do V,, ml dung dich H,PO, nong d¢ mol C, bang dung dich chuén
NaOH nong dé mol 1a €. '
Cac phuong trinh phan ing chuin dé dung dich H;PO,:
H,PO, + OH™ = H,PO; + H,0 néc thi nhat
H,PO; + OH™ = HPO}~ + H,0 néc thi hai
HPO;~ + OH™ = PO}~ + H,0 ndc thd ba
Trong trudng hop nay phuong trinh dusng dinh phan cing duge thiét lap nhu &
trudng hop dinh phan dung dich H,A bang dung dich chuin NaOH. Ta cing dat F la
phan axit duge chudn d6 véi F = CV/C,V, khi chudn d¢ theo ndc thit nhit ta cé F — 1.

LI 4]

Tai diém tuong dugng thit nhdt CV = C V,, nén F = 1. D& thiét lap phuong trinh dudng

v o
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dinh phan nédc thd nhdt ta cing viét phuong trinh bao toan proton cta dung dich xuit
phat tit phan dng chudn d¢ ndc dé la H,PO] va H,0:

v cv
H*] + [H,PO,] - ——— = [OH"] - ~——— + [HPOZ"] + 2[PO3"]
[H*] + [H,PO,] v+ v ( ] P i [POy
YV CY [OH™] ~ [H*} + [HPOZ"] + 2[PO}] — [H,PO,]
vV + v 4 4 3£ Uy
0

Dua F vao phuong trinh trén bing cich nhan hai vé& véi V, + V/C,V_, thay cac gia

050
tri ndng d6 can bing cac ion cda axit photphoric, ta duge phuagng trinh dudng dinh phan:
- V,+V K\K,[H*] + 2K K,K, - [H*]?
F —-1=(0H"] - [H*]) t— 3 o ; (4-44)
€V, (H) + K{H*] + K\K,[H*] + K\ KK,

Phuong trinh trén 1a phuang trinh bac 3 theo [H*} nhung né cd thé duge don gian
hda trong tung giai doan céia qud trinh chudn do.

Khi chua chudn d6 F = 0, ta bd qua dugc [OH™], [HPOZ7), [PO}~] nén phuong trinh
(4-44) dugc don gian hda thanh:

chu
[HY] = (4-45)

' K, + [H7] X

Khi thém V mol NaOH vao nhung cdn xa di€m tuong ducng thi nhdt thi ta cd thé
bé qua [H*], [OH™), [HPOf"] va [PO} ] nén (4-44) dugc don gidn hda con:

(H*]

F-l=o ——
K, + [H"]

1-F
suy ra: [H'] = K,

(4-46)

Phuong trinh trén la phuong trinh bigu dién nbng d6 can bang ion [H*] cia hé dém
H,PO;/HPO}~, vi 1 — F ving vdi phan nong do H,PO, chua bi chufn d4 bdi NaOH con
F 1a phan néng d6 H,PO, d4 bi chudn do thanh H,PO;.

O sat di€m tugng duong thi nhat, khi F ndm trong khoang 0,998 dén 1,002 ta chi
bé qua duge [OH™] canh [H*], 2K K,K, (ing v6i PO3™) & tif s6 ciia phuong trinh (4-44)
va'bé qua duge [H*J%, K K[H'] va KKK, (tuong dng vdi [H,PO,], [HPOZ] va
[PO3™] & miu s6 cia phuong trinh dd. Phuong trinh (4-44) duge don gian hda thanh:
Co+C  KKH - H'

F - 1= -[HY
c,C K [H*}?
C,+C KK, ~ [H]
F -1 = —[H* + (4-47)
c.C KI[H+]
Tai diém tuong duong thi nhit F = 1, (4-47) duge don gidn hda thanh:
c.C
K!KZ
C,+C
[HY] = (4-48)
c.c
K +

"o, +cC
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cC

vanéu w5 lon hon K, nhigu thi (4-48) dugc don gién hoa thanh (H'] = (K,Kp*S.

Phuong trinh dudng dinh phan theo nac thit hai, duge bi€u dién theo F — 2, duce
vi&t tif phuong trinh F — 2 = F — 1— 1 hodc viét phuong trinh bao toan proton cia
dung dich khi thém V m]l NaOH xudt phat ti cac sin pham cda phdn ding chuin dé la
H,PO; va H,O:

V(! +V K1K2K3 - KI[H+]2 - 2[H+]3
F — 2= (OHT]-[H'D + (4-49)
cCV [H*]? + K [H*']? + K K,[H'] + KKK,

ir O

Khi dang chuidn dé nic thy hai, con tuong d6i xa diém tuong duong thi hai, phuang
trinh (4-49) dugc don gidn héa thanh:
[H*]
F-2=——
K, + [HY]
2-F
hoac [H'] = Ky ———— (4-50)
F-1

O sat di€m tuong duong thid hai, khi 1,998 < F = 1,002 ta ¢d phuong trinh:
2C,+ C KKK, - K [H")?
F -2 =[0H7] + (4-51)
cc K K,[H"]

O

Tai diém tuong duong thu hai, khi F = 2, ta ¢6 phuung trinh tinh [H*] sau khi duge
don gidn hda:
2C,+C
H] = (KKy+ kllzoKzﬁ) (4-52)
D6&i v&i ndc chuin d6 thd ba, phuong trinh dudng dinh phan cing duge thiét lap
theo cach tuong ty hoac theo # — 3 = F — 2 — 1 hoac viét phuong trinh baoc toan proton
ctia dung dich xudt phat tit PO3~ va H,0:
V. +V K K,[H*] + 2K [H*]? + 3[H']?
F - 3= (OH"} -~ HY + (4-53)
cV, (H*)® + K,(H*]? + K,K,[H'] + K, K,K,

LI #]

Khi dang chuin do nédc thd ba cdon xa di€m tuong duong ta cé th& bé qua [H*],
[H,PG,], [H,PO;] bén canh (HPOF~], {PO3~] va [OH™] nén phudng trinh (4-53) duge
don gidn hda thanh:

V,+V [H*)
F - 3= ([0OH"} - [H*]) — (4-54)
Cnvu K3 + [H+]
: v,+V {H")
hoac: F -3 =[0H"] - (4-55)
cV, K, + [HY]

‘Tai sat diém tuong duong thi ba, khi CV = 3C_ V, ta cd thé coi:

LA A ]

H.(:_ Frp— hOE]C _
C Vv C \'s

4] Q

3¢, Vv 3, +C V, +V
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3Cn + C [H*
nén F -3 =[0H] - (4-56)
CUC [H+] + K3
Tai di€m tuong duong thit ba, khi F = 3; CV = 3C.V, thi:
3C, + ¢ [H*]
[OH™] = (4-57)
c.c [HY] + K,

Khd xa di€m tudng duong thi ba, ta vin khéng bé qua duge sy thiy phan cia
PO;~, vAn phai dung (4-56) d& tinh pH cia dung dich.

Thi du: Vé dudng dinh phan khi chuin dé dung dich H,PO, 0,1M bang dung dich
chuén NaOH 0,IM. H,PO, cé pK, = 2,12; pK, = 7,21 va pK, = 12,36.

Ap dung cdc cong thdc va cac phuong trinh (4-45), (4-46), (4-47), (4-48), (4-50),
(4-51), (4-52), (4-54), {4-56} va (4-57) ta tinh dugc pH tai cdc di€m cda qua trinh chusn
d6 nhu sau:

F 0 05 09 099 | 0999 | 1000 1001 15 199 1999
pH 164 21 3,07 412 | 461 471 478 | 721 920 961
K 2,00 2001 { 201 250 299 | 2999 | 3000 | 3001 | 3m 3,50
pll | 968 9,77 1037 | 121 2,08 | 1228 | 233 | 239 | 1243 | 1257

PH
FE R

0 -

Hink 4.4, Pwdrng dinh phin chubn ¢ dung dich 1I3PO4 0,1M hding dung dich chulin NaOH 0,1M.

Duéng dinh phan chi ¢6 hai budc nhay § diém tuong duong thid nhit va di€m tuong
duong thit hai. Diém tuong duong thi ba hoan toan khéng cé bude nhay va hang s6 axit
clia nédc thd ba rat bé: 10-12.36,

Budc nhay pH thit nhat nidm trong khoang d6i mau cia metyl dé, bude nhay thi
hai nim trong khodng ddi mau cta phenclphtalein. :
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Tinh sai s chi thi khi chufin dé axit photphoric
Dé tinh sai sd chi thi t6t nhit la dung phuong trinh dudng dinh phan.
Sai s8 tuong d6i S khi chudn d6 V, ml H;PO, ndng 46 mol C, badng dung dich chudn
NaOH néng 46 mol C la:
CV - CV,
§=——2" = F.~ 1, S%)=(F - 1100
cVv

00N
trong dd: V, la thé tich dng voi di€ém cudi
Sai s6 khi chudn dé theo néc thy hai:

cV - 2C v, 1 F-2
— ' - (F.-2; 8% =
2C,V, 2 2

8§ = 100

Sau day 1a vai thi du.

Thi du 1: Tinh sai s§ chi thi khi chuén d§ dung dich H;PO, 0,1M bang dung dich
chuidn NaOH 0,1M; néu ké&t thuc chudn do theo ndc thw nhit § pH = 4,3 va theo nic
thd hai & pH = 10.

+ Khi két thic chudn d6 & pH = 4,3; ta ap dung cong thic (4-47) dé tinh F, — 1:

2x0,1+ 0,1 10212 10721 | (1043)?

S = (=104 + = ~0,0061
2x0,1x0,1 10-2.12 1043

tic 14 0,61% axit chua duge chudn d6 (sai s6 4m)
+ Khi két thuc chudn d6 6 pH = 10, ta ap dung phuong trinh (4-51) &€ tinh
(F — 2)/2

2x 0,1+ 0,1 10721101236 _ (10°19)2
8 = 104 + = 0,0028 tic + 0,28%
2x0,1x0,1 2 x 10721 10710

nghia 14 lugng NaOH da thém vao du 0,28% so vdi lugng axit ban dau.

Thi du 2: Chudn 4% dung dich H,PO, 0,1M theo néc thi nhat. Néu mudn sai sé chi
thi khang vugt qua 0,5% thi phai ket thuc chudn do trong khoang pH nao? (tic la dung
chat chi thi ed p7 nim trong khoang pH nao ?).

Ta tinh pH thoa méan cac phudang trinh F — 1 = + 0,005.

Ap dung biéu thic (4.47) dé€ tinh F — 1:

0,1 + 0,1 1021210721 — [H*}?

a) § = -0,005 = — [HY] +
0,1 x 0,1 10212 [H%)

Giai phuong trinh d6, ta duge [H*] = 10432; pH = 4,32
0,1 + 0,1 1021210721 — [H*)¢

b) S = 40,005 = —[H") +
0,1 x 0,1 10232 [H*]

Giai phuong trinh dé, ta duge [H*] = 10595 pH = 5,05

Vay cin dung chét chi thi ¢ p7 nim trong khoang 4,3 — 5,05 thi khi ngimg chuén
dd sé méc sai s6 nho hon hoac bang 0,5%.

Thi du 3: Tinh s ml dung dich NaOH can thém vao 20 ml dung dich H;PO, 0,1M
d& pH ctia hén hgp thu duge bang 4,0 va 9,0.
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Goi thé tich dung dich NaGH 0,1M can thém vao dé pH dat duge bang 4,014 V. D&
tinh V ta xudt phat tit phuong trinh:

cv-cv, Vv V,+V KK, - [H*]?
F—l=——=__1:_{H+] +
CnVn Vu CnVo K] [H+]

Khi giai phuong trinh dg, ta thay C, = 0,1; V, =20, [H*} = 10% K = 10212, K,
= 1072,

Giai ra, ta duge V = 19,7 ml NaOH 0,1M.

D€ tinh thé tich dung dich NaOH can thém vao dé pH hén hop thu duge pH = 9,
ta ap dung cong thite:

V,+V KK, - [HJ
F-2=[OH]=2 i
CcVv K,[H"]

(A 4]

va thay C, = 0,1; V, = 20; [H'] = 107 [OH"] = 105, K, = 1072}, K, = 10-1236_§ay
khi thay cdc gia tri trén vao phudng trinh dd va giai ra, ta duge V = 39,69 ml NaOH
0,1M.

Bang cach tinh thé tich V nhu trén cing cd thé tinh dudc sai s chi thi khi ding
chat chi thi cd pT bang 4 va bang 9.

Thé tich V dng véi di€m tuong duong thi nhat 1a 20,0 ml. Vay khi dung chit chi
thi cd pT = 4,0 ta tinh duge V = 19,7; nén sai sé bang:

19,7 — 20,0
S=—1—"" 100 =-15%
20,0 |
Khi dung chit chi thi cé pT = 9,0 sai s6 chi thi sé bang:
39,69 — 40
. §=—— 100 = —0,775 = —0,78%
40

4.2.6. Dinh phin da bazo biing don uxit manh

Chiung ta xét trudng hap cu thé: dinh phan dung dich CO4~ mét da bazd rdt thuung
gap trong thuc t& Thi du: phai chuin d6 dung dich (V, ml) Na,CO; ndng do mol C,
bang dung dich chugn HCI néng d6 mol C.

o Phuong trinh duong dinh phan
- Chudn d6 CO{~ theo nédec thi nhat:
CO{~ + H* = HCOy
Dé thiét lap phuong trinh dudng dinh phan va phuong trinh tinh sai s6 chi thj ta
cung viét phuong trinh bio toan proton xuit phat tit sdn pham phan ing 1a HCO7 va

. cv
HZO.TacungdatF—E(ﬁ
+ CV HC 02 C(!"l}
HY] - —— + [ 0,] = [OH™] + [CO:} -
[ Ty 200;3] = [OH7] + [CO§7] v v v
cv-cCcv

00

————— = [H*] - [OH" H,CG,) — [COZ-
v v (H*] [H]+[2 3l [COz7)
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V,+V
Nhan hai v& ctia phuong trinh trén v6i ———— ta cd:
C(}V(l
cv - CV, V,+V (H*)? - KK,
—— — = F ~ 1= ([H*] - [OH"] + - (4-58)
c.v, cVv, [H'Y + K [H'] + KK,

Phuong trinh trén 1A phuong trinh tong quéat, nd ciing dudce don gidn hda trong titng
giai doan cda qua trinh chuin dd.

- Khi chua chu#n d3, F = 0, ta bd duge [H*] canh [OH™], [H,CO,] canh [CO57],
nén (4-58) duge don gidn hda thanh:

[OH_]= K, 10714 _ K
¢, [HY]+K,  CJHY] [H']+K,
Tit phuong trinh trén suy ra:
K,10°14
[HY] = ——— (4-59)
c K, - 101

Tai vung gan diém tuong duong, cac gia tri [H*] va {OH™] khdéng dang k& so vdi
[HCO;] va [CO{™] nén phueng trinh (4-58) dude don gian hda thanh: '

F-1 =w (4-60)
K, [H]
Tai diém tuong ducng thi nhat, F — 1 = 0, phuong trinh (4-60) trd thanh:
[H*)? = K|K, (4-61)
pH = 0,5(pK, + pK,) = 0,5(6,35 + 10,32) = 8,35. :

- Khi chuén d6 tiép tuc theo ndc thy hai:
HCO; + H* = CO, + H,0
D& thiét lap phuong trinh dudng dinh phan ta cling ¢6 thé vist phuong trinh bao
toan proton cta dung dich xuidt phét tif sAn pham ciia phan d@ng la CO, + H,0 hoic lay
phuong trinh ctia F - 1 trit di 1. Phuong trinh cudi cung thu duge 1a:
V,+V K,[H'] + 2K K,

a

F - 2 = ([H*] - [OH")) -
CUVO [H+]2 + KI[H+] + K1K2

(6-62)

Tai ving sat di€ém tuong duong thit hai phuwong trinh (4-62) duge don gidn hda
thanh:
2C + C K

I 1

F -2 =[H - (4-63)
c,C [HY] + K,

Thi du 1: Tinh sai s6 chi thi khi chuén d¢ dung dich Na,CO, 0,1M bang dung dich
HC] 0,1M theo nic thid nha&t khi ding chét chi thi cé pT = 9.

Ap dung phuong trinh (4-60) d& tinh F_ — 1 tai diém cd pH = 9 ta duge S = -0,0477
tic 1a sai 36 bang —4,77%.

Thi du 2: Tinh sai s6 chi thj khi diing chét chi thi ¢d pT = 4 d€ nhan ra diém tuong
duong khi chuin d¢ dung dich Na,CO, 0,1M bing dung dich chuin HCI 0,1M. Gia thiét
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14 tean bé CO, con lai trong dung dich.
D€ tinh sai 86, ta ding phuong trinh (4-63) d& tinh F — 2.
Khi thay [H*] = 104, ¢ = C, = 0,1 vao ta tinh dugc:
F—-2=-0,00146 = —0,0015,
F-2 |

§ = = —0,00075 tic 1a sai 88 thigu 0,075%

Thi du 3: Can thém bao nhiéu ml dung dich HCI 0,05M vao 20ml dung dich Na,CO,
0,1M d& pH cia dung dich thu duge bing: a) 9,0 va b) 5,0. Gia s khi pH bang 5,0 toan -
bé khi CO, cdn lai trong dung dich. ¢) Khi pH bang 5,0 dem dun s6i dung dich d& luong
CO, trong dung dich khong ding k& thi pH ctta dung dich béng bao nhiéu vi khi thém
tiép HCl 0,1M vao thi can thém tiép bao nhidu ml HCI vao d& pH cta dung dich bing
4,0. Gia sd lac nay ndng 46 CO, cing khong dang ké. '

a) Goi th€ dung dich HCI can thém vao d& pH ctia dung dich thu ducc béng 9,0 12
V. D€ tinh V ta dung phuong trinh (4-60):

| cv H*)? - K.K
Fol=—0' -1 =[___#
c.v, K,[H*]

thay C, = 0,1; [H*] = 107, K, = 10535, K, = 101932, € = 0,05 vao phuong trinh trén,
giai ra duge V = 38,09 ml.

b} Cing st dung phuong trinh trén va thay céc dai lugng vao nhung voi [HY] = 105
rdi giai thi ta duge V = 78,48 ml.

¢} Né&u khi thém HCI vao dén pH = 5, ta dun soidung dich dé loai €O, khéi dung
dich thi pH ctta dung dich la pH cia HCO37 con lai chua duge chudn d6 hét theo nic
thit hai, pH cta dung dich d6 gin bing 0,5(pK; + pK,) = 8,35 tic 1a pH lai tang lén.

Sau khi dun s8i dung dich ¢ pH bing 5 n&u ta tiép tuc chudn dé va gid st CO, vin
khéng ddng ké, thi du do ta ldc manh dung dich khi tiép tuc chuin do, thi c6 thé xem
nhu chudn d¢ bazo manh va ta dung phuong trinh:

Vo + Vv
F-~2=[H] >
COVO
0,05V
thay F =m s [H*] = 104 V, = 20 vao, gidi ra ta duge: V = 80,20 ml.
.1 x 20

Vay sau khi thém HCI vao dén pH = 5, loai CO,, ta can thém tigp vao 80,20 —
78,48 = 1,72 ml HC] 0,05 M thi pH ciia dung dich bing 4,0.

4.2.7. Binh phédn hén hop axit va hén hop bazo

Trong thuc tién ta thudng gdp nhidu truting hgp phai xsc dinh néng 4o ting axit
hoac tung bazo trong cac hén hgp cta ching. Cs rat nhidu hén hop axit hodc bazo nhung
khong cd nhigu trudng hgp c6 thé chudn do lan luot tiung axit bing dung dich chuin
bazo manh hoac chudn do 1an lugt tiing bazo bing dung dich chufn axit manh tudng
tu nhu chudn dé Ian lugt cde nde cia da axit nhu H,PO, hodc da bazo nhu Na,CO, véi
cde chdt chi thi thich hgp va véi d6 chinh xac chép nhan duge nhu ta d4 thdy trong céc
phén trén.
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Gia st chung ta ¢6 hdn hop 2 don axit HC]l va CH,COOH ndng d¢ khong khac nhau
nhidu. Thoat dau ta cé thé tudng ring cé thé chudn dé l1an lugt ching bang dung dich
chudn NaOH vl mét axit 14 axit manh (HCI ¢6 K v6 ciung ldn) va axit con lai 14 axit
yéu (CH,COOH c¢d K = 10-47%). Nhung khéng phai nhu vy vi khi thém tir tit dung dich
chudn NaOH viao hén hgp 2 axit dd, duong nhién dau tién HCI b trung hoa vi nd 1a
axit manh, nhung axit CH,COOH cing bi chudn d¢ ddong thdi vai HCl khi lugng HC)
con khd nhigu va trong thuc t& néu diing may do pH d€ theo déi su bién thién pH trong
qué trinh chusn d6 hén hgp nay thi ta thdy trén dudng dinh phan chi cd 1 budc nhay
pH dng véi sy chudn 46 téng s6 cA 2 axit chd hau nhu khong c¢d budc nhay pH & diém
tuong duong thd nhat déi voi sy chuin 4§ mét minh HCI. 0 vfmgrgﬁn diém tuong duong
thi nhét vi CH;COOH da bat dau sinh ra CH;COO™ tao thanh mdt hé dém (CH,COOH
+ CH,COO~) nén pH bién thién rit ti tit lJam dudng dinh phan khong cd budc nbhay
pH & di€m tuong duong thd nhit do.

Trong phan trén ching ta da biét, déi vdi dung dich H,PO, 1a da axit ¢d pK, <<
pK, << pK, va pK, = 7,21 khéng qud nhé nén ta cd thé chudn d¢ duge titng ndc cua
dung dich axit dé vdi 2 chit chi thi 12 metyl dé (cho n&c thid nh&t) va phenolphtalein
(cho n#c thi hai). Vi vay, trong trudng hop nay ta ¢6 th€ chudn do dugc hén hqp 2 axit
HC! va H,PO, bang cach dung hai chit chi thi do.

Khi thém dan dung dich NaOH vao dung dich hdn hdp hai axit dd, dau tién HCI bi
chuin da:

HCl + NaOH = NaCl + H,0
sau dé dén H,PO, duge chudn d9 theo nédc thd nh4t:
H,PO, + NaOH = NaH,PO, + H,0
Khi metyl dé hodc metyl da cam d¢i mau thi toan b HCI va née thit nhit cia H,PO,
da duoe chudn do. Vi vay khi ti€p tuc chudn dé thi lic nay chi mot minh ndc thi hai
ctia H,PO, bi chuéin dé thoi: |
NaH,PO, + NaOH = Na,HPO, + H,0
Néu dat C, 1a nong d¢ cta HCI, C’, 13 ndng do cia HyPO, trong hén hgp ciua ching,
C la ndng d¢ cha NaOH, V| 1a thé tich cta NaOH da duge thém vao dén khi metyl da
cam d8i mau va V, la thé tich cia NaOH da duge thém vao dén khi phenolphtalein déi
mau (V; va V, déu dugc tinh tit diém khong cia buret) thi V, 1a thé tich dung dich
NaOH da diing d& chudn d6 toan bé HClI va ndc thi nhat cta H,PO,, V, — V| la thé
tich dung dich NaOH da tiéu t6n d€ chuin d6 1 nac cia H,PO,.
vV, - (v, - VDIC @V, - V,)C

v 1%

ik A}

Do dé: C, = Cy =

Chy = CH3PO4 = —“"V '

[

DE tinh sai s6 chi thi khi chudn d6 hfén hgp céc axit, bazé nhu trudng hdp nay, cich
t5t nh4t, it bi nham 1an khi tinh todn, 1a dya vao thé tich dung dich chuan dng v8i di€m
cufi va diém tuong duong.

Néu goi V. va V, 1a thé tich dung dich chufin \ing véi di€m cudi va diém tuong
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duong thi sai s6 (tuong d&i) chi thi la:

Thi dy 1: Can phai thém bao nhiéu ml dung dich chudn NaOH 0,05M vac 20ml dung
dich hén hgp HCI 0,06M + H,PO, 0,1M dé pH cba dung dich hén hgp thu dugc bang:
a) 4,0 va b) 9,0. Tt dd tinh sai s8 chi thi d&i vdi mdi chat HCl va H,PO, khi chuin 4
hén hgp cia ching bang dung dich NaOH 0,05M duang chat chi thi cd pT = 4, pT = 9
va tinh néng dé mébi axit nhu trén da trinh bay.

Dat V 1a thé tich dung dich hdn hgp 2 axit (20ml), V; va V, la thé tich dung dich
thém vao lan lugt d&€ duge pH = 4, pH = 9, C_ la néng d6 mol cha dung dich HCl
(0,05M). C’, 13 ndng d9 mel cia H,PO, (0,1M) va C la ndng d6 dung dich chudn NaOH
(0,06M).

a) Tinh thé tich V| cia dung dich NaOH cén thém vao ¢€ pH = 4,

Phuong trinh bao toan proton xudt phat t H,O va H,PO;™ :

]
00

H,PO,] - = [OH7] ~
- + [HP0,] Ly O]

0 1 o 1 o+l

ovo CVI

[HT] - +[HPO2"] + 2[PO3"]

Tai pH = 4 ta bd qua duge [OH™], [HPOZ™], [PCG3] trong phuong trinh trén. Sau
khi don gidn héa phuong trinh, thay cdc ndng 44 can bing cia ching bing cic bidu
thic theo K va [H*] don gidn hda bang cich bé cic s6 hang bé bén canh cdc s6 hang
l6n, thay cdc gid tri bang s6 cda cdc dai lugng dd, gidi phuong trinh, ta tim duge V| =
59,43 ml.

b) Tinh thé tich V, cin thém vao d& pH cta hén hgp bang 9,0.

Phudng trinh bao tean proton xuét phat tt H,0 va HPO~ :

I3

Vo cv,

” + 2[H,PO,] - + [H,PO;] = [OHT] -

0 1 o] 1 0+1

OVO

[H] =

+ [PO37]

Khi pH = 9, ta cd thé bd qua cac gid tri ndng d6 [H*], [H,PO,], [PO3"] trong phuong
trinh trén. Giai phuong trinh d6, sau khi da don gian hda cic dai lugng nhd bén canh
cac dai luong 1on, ta duge V, = 99,37 ml.

Nhu viy néu chudn d¢ H,PO, theo mét ndc dua vao sy ddi mau cua cac chét chi
thi ¢ pT = 4, pT = 9 thi th€ tich theo thuc nghiém la V_ = 99,37 - 59,43 = 39,94 ml.
Theo dau bai, vi ndbng d6 cia H;PO, bing 2 l4n ndng d6 NaOH nén thé tich NaOH ing
vdi diém tuong duong khi chuin d theo mét ndc la 20 x 2 = 40,00 ml. Do dd, sai s6
déi vai H,PO, la:

40 — 39,94

%S =—— x 100 = —0,15%
40 '

Thé tich ing v6i di€m cudi khi chuén d6 HCI la: 59,43 — 39,94 = 19,49 ml. Vi ndng
d% cia HCI va NaOH bang nhau nén thé tich NaOH chudn dé HCI dng véi diém tuong
duong 1a 20,00 ml. Sai s6 d6i v6i ndng dé HCI la:

19,49 — 20
%S = ——— x 100 = —2,55%
20
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Trong phén trén (muc 4.2.6) ching ta biét ring, cd thé chuin d6 da bazo Na,CO,
bang dung dich chuin HCI dung 2 chét chi thi ]a phenolphtalein (vdi di€m tusng duong
thi nhat) va metyl da cam (véi di€m tuong duong thu hai). Vi vay, ta cing c¢d thé chudn
dé dung dich hén hgp NaOH va Na,CO, bing dung dich chudn HCI véi 2 chdt chi thi
dé tuong ty nhu chudn d$ dung dich hén hgp HCl + H;PO, bang dung dich chuin NaQH
da trinh bay trong phin trén. Khi phenolphtalein d8i mau, ta d4 chudn d6 NaOH va
néc thd nhit ctia Na,CO;,

NaOH + HCl = NaCl + H,0
Na,CO; + HCl = NaHCO, + NaCl

Khi metyl da cam d3i mau, ta da chuin 46 Na,CO, theo néc thy hai:
NaHCO, + HCl = NaCl + H,0 + CO,

Dat thé€ tich dung dich hén hop 2 bazo trén 1a V, néng d6 dung dich chuin HCI la
C, th€ tich dung dich HCI khi phenolphtalein ddi mau la V;, khi metyl da cam d8i mau
14 V,. Thé& tich dung dich HCI ding d& chuén d9 1 ndc cla Na,CO, 1a V, ~ V| (cac thé
tich d6 duge tinh tit diém khong cla buret). Thé tich HCI chuén d6 HCl1a V| — (V, -
V) = 2V, — V,. Do dd biéu thic tinh ndng d6 titng chat la:
@V, - v v, - v)C

CNaoH =—V CNa2c03 v

0 4]

Thi du 2: Can thém bao nhidu ml dung dich HCI 0,06M vao 100 ml dung dich hén
hgp NaOH 0,1M + Na,CO; 0,02 d€ pH cia dung dich hén hgp thu duge bang: a) 9,0
va b) 4,0. Biét H,CO, c6 pK| = 6,35; pK, = 10,3.

Dat thé tich dung dich 2 bazg 1a V,, ndng d6 HCI la C, thé tich dung dich chu&n
HCl thém vao dé pH dat duge 9,0 1a V,, d€ dat dugc pH = 4 1a V, (V,, V, d8u dugc tinh
ti di€ém 0 cda buret). Néng d6 clia NaOH trong hén hop 1a C,, ciia Na,CO, 1a C’,.

a) Tich thé tich HCl can thém vao dé pH = 9,0.

Phuong trinh bao toan proton xudt phat tit H,0 va CO3~ -

cv, C'oVs |
[HY) — ——— +[ H,C0,] = [OH"] - + [CO$] - (a)
vV, +V, V,+V V.+V

0 qa Qa

OV(‘)

Khi [H*} = 10-%, ta bd qua duge [H*], [H,CO,], [OH"] trong phuong trinh trén, nén
né chi can:

oV c ol
-t . __°0c +[CO%‘]———O-°-—— (a’)
V. +V, V. +V, v, + V',
c v, K
véi: [C0%] =2 —
V, +V, [H']+K,

Thay cac gia tri clia cdc dai lugng vao cdac phudng trinh trén, giai ra ta tinh ducc
V, = 238,1 ml

b) Tinh thé tich V, d€ pE. cha dung dich béng 4,0.

Phuong trinh bao toan proton xuit phat tit H,O va H,CO;4:
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cv, . C.V, oV
" = [0H] - —=° 4 [HCOp] + 2(C0% ) - —2—
v, + V, V. +V v, + V,

1]

(H*] -

(b)

O dung dich [H*] = 10-* thi phuong trinh (b) dugc don gian hda khi bé qua [OH "],
[CO4~] thanh: ‘

cv. cV oV K c'v
[H+] _ 2 - _ o’'n T oo . - 1 _9 a’o b’)
Vo +V, Vot V, V,+V, [H] + K, V, + V,

Sau khi thay cdc gia tri da biét vao phuong trinh trén (b), giai ra ta duge V, =
279,64 ml.

Nhu vay, thé tich HCl diing d&€ chu&n d6 1 néc ciia Na,CO4 l1a
279,64 - 238,1 = 41 54ml.

41,54 x 0,05
Nong do cta dung dich Na,CO, la: —T = 0,0208 M
0
0,0208 — 0,02
Sai s6 la: % 8 = = (0,0385 hay 3,85%.
0,02

Thé tich dung dich chusn HCI ding d€ chuin d6 NaOH la:
238,1 — 41,5 = 196,56

196,56 x 0,05
Néng d6 NaOH bang: —————— = 0,09828M
100
0,09828 — 0,1
Saisfla: % 8§ =———— = —0,0172 hodac —~1,72%
0,1

Bang phuong phap tudng tu, ching ta cd th€ chusn d6 dung dich hén hop NaOH
+ Na;PO, bang dung dich chugn HCI diung 2 chat chi thi 1a phenolphtalein (khi da
chudn do toan bd NaOH va Na;PO, thanh Na,HPO,) vi metyl da cam (khi chudn ds
Na,PO, thanh NaH,PO,).
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CHUONG 5

PHUC CHAT TRONG DUNG DICH

5.1. Dinh nghia. Danh phap

Phic chit la loai hop chat sinh ra do ion don (thudng la ion kim loai) goi la ion
trung tdm, hda hop véi phan ti hodc ion khac goi la phéi tir. Trong dung dich, ion trung
tam, phdi td va phitc ch4t ddu tdn tai riéng re.

Thi du: trong dung dich nuéc ion phic (Ag(NH,),]* phan li mot phan thanh cation
Ag* va phéi tit NH;, ndng do NH; du 16n d€ nd cd thé hoa hgp dude véi ion H* cha cac
dung dich axit:

Ag(NHy)} —= Ag' + 2NH,
NH,; + H* NHy;

Trong mide phan tit phdc HgCL, phan li mét phin thanh cation Hg?* va anion CI-,
nong d6 ion Hg?* trong dung dich dé d& tao véi ion S2- k&t tia HgS mau den.

Nhitng ion nhu SOj-, COf-, POJ-, ClOj ..., tuy cd céu tao gidng phue chat nhung
¢6 d6 phan li v6 cung nhé, d&€n mic sin phim cia su phén li khéng thé héa hgp duge
vdi chdt khdc, nén khong goi ching 14 phic chit ma coi ching 13 cic ion don.

Nhitng chat nhu FeS50,.(NH,),80,.6H,0 hoac KAI(80,),.12H,0 tuy & dang rén cd
thanh phan giéng nhu phic chit, nhung khi haa tan vao nudc phan i hoan toan thanh
nhitng ion don gian:

KAl(50,),.12H,0 - K* + AP + 230%‘ + 12H,0.
nén khong phai 14 phic chat ma la nhitng musi kép.
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Trong mot phic chit, sé phéi tit lién k&t voi jon trung tAm goi la s phéi tri. 56
phéi tri cuc dai thudng 1a 2; 4 va 6, thi du: [Ag(NH,),J*, [Cu(NH,)J?*, [FeF > ...

Nhiing phic chdt chi ¢d 1 ion trung tam nhu 3 phuc trong vi du trén duge goi la
phiic don nhan, Nhing phdc ¢ nhidu ion trung tAm cing loai, nhu [Fe,(OH); %,
[Cu,(OH),]?* hodc cac loai nhu [(CN)SCO(CN)Fe{CN)5]5‘ ddu duge goi la phic da nhan,

Nhitng phic ¢é nhidu phéi t khdc nhau duge goi la phic di phoi. Phie kiéu nay cd
hai loai: loai phic don nhéan di phdi, thi du: [Pt(NH;),CL], [Co(NH;};(NO,);] va loai
phiic da di phéi, thi du: [NH;);CoNH,Co(NH,)]%*, [NH:,‘)SCr(OH)Cr(NH3)5]5+

Nhitng phitc chdt ma phsi ti chifa mét nguyén tu lién két véi ion trung tam duge
goi 1a phic ddn cang.

Nhitng phtic da cang ma phdi t¥ tao v6i ion trung tam mét hoae nhigu vong kin
duoc goi 1a phic cang cua. Thi du: phic cia ion NiZ+ va dietylglioxim:

Csz _(l% - % _Csz ”
I(I) -N \ /N a (l)
N

-~
0-N - N-0
C,H,-C ———C -C,H, |
hoac phie cia ion Pb?* véi dietyldithiocachamat:
5
2 N
CHY,N-¢Z pbe
™~ g~

Phan loai phitc chét

Dua vao thanh phin cia phic, ¢d thé chia ching thanh ba loai sau:

- Phite tao bdi ion trung tAm la cation kim loai va phdi ti 14 phan ti cdc chat vo
co. Phuc loai nay thudng gap la phic hidrat {(phéi ti 1 cdc phan td nudc) va phic
aminiacat (phdi tit 1a NH,). Thi du: [AI(E,0),]3, [Cu(NH;) J?*, [Co(NHy) 4} ...

. Phic chét tao béi ion trung tam la cation kim loai va phéi tit la anion vé co nhu
Ci-, F-, Br-, 17, 803, 8,04~, NO7 ... Thi du: FeF2-, AgCK~, InBry, Hgl§™, [Ca(S0,),}°",
{Ag(8,03)3F~, [Co(NO™ ..

- Phic chét tao bdi ion trung tAm la cation kim loai va phéi tif 12 anion hodc phan
ti chét hitu co. Thi du [Fe(C,0.),7% ...

Danh phap

Khi goi tén mot phuc chét thi trudc hét goi tén phéi td sau dé goi tén ion trung
tam.

Né&u phéi tif 1a gée cha axit chita oxi thi thém dusi "O" vao tén gbe axit. Thi du:

SO%‘: sunfato; NOJ : nitrato.
Né&u phéi tit 1a ion halogenua thl thém “O" vao tén halogen:
F~: floro; Cl™: cloro; Br™: bromo; I7: iodo

Mat 6 anion khde duge goi theo tén riéng, nhung cling cd dudi "O":
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NO3: nitro;OH™: hydroxe; 02" oxo; $2* sunfo; $57: pesunfo.
56 phéi tri duge goi bang tén chir s6 Hy Lap dat trudc tén phai ti:
I: mono  5: penta  9: nona
2: di 6: hexa 10: deca
3: tri 7: hepta  11: nodeca
4: tetra 8: octa 12: dodeca
nhung thutng thi mono it duge dung dén.

Néu ion phic 1a cation thi thém vao sau ion trung tam chit sd La M4 viét trong dau
ngodc chi hda tri cda nd.

Néu jon phic 14 anion thi thém dusi "at” vao tén ion trung tam trude khi thém cha
s6 La Ma chi hoa tri. N&u phic & dang phan t¥ trung hoa thi goi nd nhu goi cation
phiic. : :

Trong cong thite, phan ti hoac jon phic thudng duge vigt trong dau mdc.

Thi du: {Ag(NH,),]CL: diamino bac (I) clorua

K;[Co(NO,} ]: kali hexa nitro cobanat (ITI)
[Co(SCN)(C,0 ) (NH;),]: oxalato thioxianato triamino coban (III).

5.2. Hling s6 bén va hing s6 khéng bén caa phitc chit

Phan td nudc 12 phan ti phan cuc. Vi vay, bit cif cation nao trong nudc ciing hda
hgp duge voi nude tao nén phite hydrat. Gia sit ed ion kim loai M"™ ¢d s3 phéi tri cue
dai la 6 thi trong nudc nd sé tdn tai dusi dang ion phic M(H,0)"*. D& don gian, tu day
vé sau trong cong thic tdng quat ta khong ghi dién tich. N&u théem vao dung dich dd
phdi ti L, tac duge phitc véi cation M thi trong dung dich s& xay ra phan dng:

M(H,0}, + L == ML(H,0); + H,0 (a)

Nhv vay phan iing tao phic trong dung dich nudc 1a mét phan Ung thé nudc trong

M(H,0), bang phdi ti L. Hing s6 can bang cua phan dng (a):

a a
ML{H303s%*H50
K (H20)5™Hy

_ OM(H170)6 0L
Trong dung dich loang, hoat d¢ ctia nudc ¢ thé dudgc coi Ia khéng ddi, cdc phan ti

trong ML(H,0)¢ va M{H,0), thuc t& khéng anh huéng dén tinh chit cia ML va M, nén
ta ed thé thay K bing:

pp,

B =
Ipay,
£ duge goi 1a hing s6 bén hoac hiing s6 tao thanh cua phitc ML. Trong dung dich loang
hoat d§ cd thé€ coi bang nong d¢, nén:
(ML]

[M][L]

’;"hf du: lon Ni*t c¢d s6 phéi tri cyc dai la 6, nén trong dung dich nudc ¢ dang
[Ni{H,0),])?*. Né&u thém anion etylendiamintetraaxetat (ki higu 1a Y*) vao dung dich thi
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Xay ra phan ing tao phde:

[Ni(H,0)]#* + Y% == [Ni(H,0);Y]* + H,0 (b}
Trong dung dich lodng, ta cd thé viét:
[NiY?7]
S . 10+18.62
[NiZ*][Y )
Nghich dao ctia hing s6 ben 1/ duge goi 1a hang s6 khong bén K hoac hang sé phan
1 .
li cia phuc chdt. Thi du: hang s6 khong bén cta phie NiY? la T = 10-1882 cing
12 hing s6 phan li clia phic tdc hing s6 can biang cla phan ung: '
[Ni(H,0), Y]* + H,0 == NiH,0)2* + Y ()

hoac phan dng nghich déo ctia phan ing (b).

Ngudi ta con thudng ding dai luong —1gK cd ki hiéu 1a pK. Vi du: d6i véi phde
NiY? thi: pK = —1gK = 18,62.

Dua vao gia tri hing s6 bén cia phite chit ¢d thé bi&t duge mic dé bén hogc khong
bsn cia ching, Hiang s6 bén cang ldn (tdc hang s6 khéng bén cang nho) thi phic cang
bén, Phitc FeY™ ¢ 8 = 1025 (tic 1a ¢d K = 10-%5-1) bén hon phite NiY? ¢d § = 16,62
(K = 10-]1’),62)_

Hing s6 bén va khong bén cua phite ¢6 nhiéu phéi ti

Phic e¢é nhigu phéi ti duge tao thanh va phan li lan lugt theo nhigu néc, ung véi
méi nac cd hing sé bén (va hang sd khdng bén) riéng.

Thi du: Phic Zn(NH;37* duge tao thanh qua 4 nic nhu sau:

[ZnNHZ*
Znt + NH3 — ZHNI‘@-'— ﬁl = q—_ — 102.[8
[Zn=*][NH,]
2+ (Zn(NHy) '] 1,25
ZnNHZt + NH, —— Zn(NH B, = - = 102
H 3 (NHL); ® [ZnNH3')[NH,]
] [Zn(NH,)3*]
Zn(NH,)3*+ NH, == Zn(NH,){* By = - = 10241
’ [Zn(NH,)3*] [NH;]
[Zn(NH,)Z* .
Zn(NH,)3* + NH; === Zn(NH,)3"] B, = ezl = 10196
) [Zn(NH,)3*][NH,]

D& tién cho viée tinh todn, thudng con ding hang s6 bén téng cong cua nhiéu phan
ing trén. Thi du: cong 2 phan dng dau trong 4 phan dng trén, ta duge phan wdng:
Zn?* + 2NH, == Zn(NH,)3"
cé hing s0 cin bang:
_ [Zn(NHy3')

1.2

Hang sé 8,4, duoc goi la hang s3 bén téng cong cia 2 phan \ng dau trong 4 phan
inhg trén.
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Ung véi hang s6 bén titng ndc B; ¢ hang 5 khong bén K; (13 nghich dio cua B).

Ung véi hang s6 bén tdng cong (thi du: £, ,) ta cling ¢d hing s6 khong bén téng
cong K| , (la nghich dao cua B14) ,

Chi y: Can nhé ring cdc hing s6 bén ciing nhu hing s6 khong bén tdng cong khong
Ung v6i mét phan ing tao thanh hoac phan li nao xay ra trong thuc t& nhu cac hang
86 bén hay khong bén titng nic. Vi trong thuc t& phan ing xay ra theo titng nic nhung
Két qua cdc phan dng dé nhu la xay ra theo su gop cac niec.

5.3. Tinh ndng do can bing cua céc ciu t trong cdc dung dich phitc chit

Dua vao hang sé bén hogc hing s6 khong bén cua cac phiic va ndng d6 ban dau cia
phéi t va cha ion trung tam, ta cd thé tinh dugc nong dé can bang cua phdi tu, tir do
tinh dugc nong do can bing ciéa tat cA cdc cdu ti trong dung dich mét hé phic. Vi vay
ta cd thé thiét lap bigu thuc tinh ndng dé can bang ctia cac cdu tit va ion theo ndng 4o

~can bang cua phdi ti, ndng do ban diu cua ion trung tam va hang sd bén cla cac phic.

Gia st ion M ¢6 ndng dé ban dau la Cy va tao phic duge vai phéi tt L. Hai phtc
ML va ML, ¢d céc hang s8 bén tuong ung B, va ;.

Trong dung dich ¢d 2 can bing sau:

M+ L :L“ML;ML+L$ML2

o [ML] [ML,]
Ta ludn cd: 8, = (@), B, = {(b)
[M][L] [ML]{L]
[M] + [ML] + [ML,] = C,, (©)

Cac phuong trinh (a) va (b) la phuong trinh cta cdc hing s6 bén titng néc, tue la
hang s8 can bing cia cdc can bang tao phie trén. Con phuong trinh (¢) 1a phuong trinh
bdo toan khdi lugng M.

Tt (a) suy ra: [ML] = B[M][L] (d)

Tu (b), (d) suy ra: (ML,] = 8,[ML][L] = B.8,IM][L)? (e)

Thay (d)} va (e) vao (c):

o (M] + B,[M][L] + 6,5,MIL]? = C,,
Tu dd suy ra: _

M] = Cpm _ Cym
1+ BIL] + BiBo[L)7 1+ By[L] + B, ,[L]
Cy K K
M) = M1 , 0

K\K, + K,[L] + [L}?

trong do: K, K, la cac hing s6 khéng bén tuong ng vai cdc hing sd bén B va B, Tu
(d) va (f), suy ra:

C L
ML] = md (L]
, 1+ B[L] + B,8,[L]?
C. KL
(ML] = wiall] (®

KK, + K,[L] + [L}?
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Tt (e) va (f) suy ra;

c L}
iy - Gl
1+ BIL] + fBB,[L)?
CILP
[ML,] & il (h)

KK, + K,[L] + (L]

Mot cach tdng quat, déi vdi hé phic tao bdi ion trung tdAm M va phoi tu L cd s6
. phéi tri evc dai 1a n va cdc hang s6 bén tiung ndc Ian lugt 1a 8, 85, ... B, |, B, thi:

C
M} = —
I+ B[L] + B 8,[L]* +...+ 5. B, [L]"
C
M] = — 1 (5.1)
1 +IE[J’“.[L]i
Cyf (L]
[ML] = Mﬁlz
1+ B,[L] + B,8,(L] +..+ BB, B,IL]"
C\8, [L
[ML] = bl (5-2)
1]
1+ IZﬁl,i[L]'
c8, JL
ML = mB1ilL] 5.3)

1 + y"Tﬁl‘i[L]"

Né&u ion kim loai tao phic nhigu nie thi cac phuong trinh trén la cdc phuong trinh
bac cao doi véi [L], viée giai ching rat phic tap.

Trong thuc t& da s6 cdc phic chit nhidu ndc cta cdce ion kim loai véi cac phai ti
hitu co ciing nhu vo ¢o ¢d cdc hiang s8 bén tiung néc rdt gan nhau (khac véi cdc da axit
" thuang gip cd cac hang sd axit titng ndc khdc nhau nhigu), viée giai cdc phuong trinh
do cang kho khan hon, vi cdc hang s8 bén gin bang nhau, ta khong bo dugc cic s6 hang
nho bén canh cac s6 hang 16n trong téng s6. Tuy nhién trong mét s6 trudng hop khi sa
phéi tri khong cao va trong dung dich cd lugng du chédt tao phic (tde la du phéi tit) so
vdi ion kim loai thi viéc tinh ndng do can bang cing o thé thue hién dude tuong ddi
dé dang. Ta hay xét mot vai thi du

Thi du 1: Tinh ndng d6 can bing cta cac ion trong dung dich gém bac nitrat 10->M
va amoniac cd ndéng do can bing 1a 10-3M.

Cac phan ing tao phic cua ion bac va amoniac trong dung dich la:

Agt + NH, == AgNH} ~ g, = 10%%
AgNH; + NH, - Ag(NHyp?, 8, = 1039
Ap dung cac phudng trinh tit (5-1) dén (5-3) ta cd:
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10-3

[Ag] =

1 + 10332103 4 10724 106

103

[Ag*} = = 4,80.10"°M

1+ 10932 + 10124

10-3,10332 103
[AgNH}] = = 1,02.10*M

1+ 10932 4+ 10124

. 10-3.107:2% 106
[Ag(NH,)7] = = 8,498.103M
1+ 10(1.32 + 10].24

Thi du 2: Tinh ndng d6 can bing cha ion va phan ti trong dung dich HgCl, 102 M.
Phic cia Hg?* va C1” c6 cac hing s6 tao thanh lan lugt 1a 10574 va 10648
Hang s8 bén cia phite HgCl* 1a 10574 va cia phic HgCl, 1a 10%% 13 nhitng dai
lugng khd 1én ching t6 phic dd kha ben va ta ¢6 thé dy doan 14 khi hoa tan phuc HgCl,
vao nudc thi trong dung dich chi y&u chi ¢o HgCl,, HgCl* va C1~. Ta ¢ thE bé qua
Hg?* khi tinh toan tic 12 bé qua su phan li cia HgCl*. Trong dung dich cht y&u chi ¢6 can
bang:
HgCl, ——= HgCl* + Ci~
0,01 - x?2 x x
bat [HgCl*} = [Cl7] = x, thi: [HgCl,] = 0,01 — x
[HgCl,}

[HgCI*)[C1-|
0,01 — x
12

Ta bié&t : 2

= 10648

Gia thift x << 0,01; phuong trinh trén trd thanh:
0,01
10598
x = 10424 = 5 75.10°M
Nhu vy, cdc gia thiét trén la ding.
102

1+ 106,?4‘10-4,24 + 1013.22_10—8.48

1 = = 10848

[Hg*] =

[Hg?*] = 10074 = 1 82.10"M

Nhu vay, nong do can bing cla cac ion va phan tit trong dung dich phie do la:
[Hg?*] = 1,82.107M; [HgCl*] = [C17} = 5,75.10°M; [HgCl,] = 0,01M.

5.4. Anh hudng cua pH va cfia cac chit tao phic phyu dén néng do can bing
cia phuc. Hing s§ khéng bén va hiing s6 bén ditu kién

Trén day ching ta di nghién cdu cian bing phuc trong diéu kién ion trung tam va
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phéi t& chi tham gia vio mot phan Ung duy nhat la phan Ung tao phdc gida ching voi
nhau. Trong thuc t& rit it gap trudng hop dd ma ta thuyng gap cdc trudng hgp trong
d6 ion trung tam hoac phdi tit hoac ca hai thudng c¢dHn tham gia vao nhitng phén dng
phu khéac. Thi du: cation Cu2?* va anion etylen — diamintetraaxetat (viét tat 1a EDTA
va duge ki higu 12 Y+) khong nhing chi phan ing véi nhau dé tao thanh phic CuY?
ma jon CuZ* con ¢é thé tao phic véi cac phdi tit khac nhu OH™, NH,,... va Y* con cé
thé tham gia phan dng véi ion H*.

Vi vay nhirng ion va phan ti nay (OH™, H’, NH;...) 1a nhiing y&u t5 lam thay dsi
sy tao phic ctia Cu2* va EDTA. Trong trutng hgp nay ngudi ta thudng dung hang so
bén hoac hang s§ khong bén di¢u kién d€ phan anh nhing ditu kién cu th&€ trong do
phan dng tao phiuc duge nghién cyu x4y ra, dong thui d&€ don gidn hda viéc tinh toan
cic nong do can bang.

Hang s6 bén digu kién:

Gia s ion kim loai M™, ngoai viéc tham gia phén 1ing tao phic chinh vdi anion
EDTA Y*:

M+ Y4- Myn-fl
con tham gia phan {ing phu véi phéi tit L tao nén cdc phiuc ML, MLz,...,ML“, va anion
Y+ cbn tham gia phan dng véi cac ion H* d€ tao thanh HY*, H,Y?, H.J_%‘ va H,Y.
Trong digdu kién nay héng s6 bén digu kién §’,,y cia phic MY"4 duge dinh nghia nhu
sau:

[MYn—d]
MY = T (5-4)
MY ] 1 !
[M’][Y’]
trong dé: [M’] Ja téng néng do can bang cac dang tbn tai cia M"Y, tru phitc MY" 4, tite
la: [M’] = [M] + [ML] + [ML;] +..+ [ML_}

[Y’] 12 tong c4c ndng d6 can bing cia cac dang tbn tai cta Y4, trir phite MY"4, tic
la:
[¥'] = (Y] + [HY>] + [HY?] + [HyY ™) + [H,Y]
Né&u ki hiéu hang s6 bén tiing ndc cua cdc phic ML, ML,,... lan luot la 8, 8,0y,
va cac hing s6 axit tiing nic cia H,Y lan lugt 1a K,, K,, Ky va K, thi ta cd:
M) + B,(MI[L] + BSIMILIE + .. BBy BuIMILI™ =
= (MI(L + By[L] + B\B5[L2) +-+ Bify BT

= [Mayq, (5-5)
H* 4- H*Y 2 Yat- H* Irvd- H+ drvd-
L. 140 I v it B O
' K, K,K, C KKK, K,KK,K,
= [Y4'1ay(11) (5-6)
Thay (5-5), (5-6) vao (5-4) ta cd:
[MY"] 1
ﬁ‘MY = = ﬁMY (5-7)

4-
[M™lopmy Y @y EME)*Y(H)
Do d6 hang s8 bén digu kién chi 1a hang s6 trong nhitng diéu kién xdac dinh. Tai
nhitng diéu kién xac dinh gid tri hing s6 bén didu kién ctia mot phic cang 1on thi phic
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dé cang bén tic la trong nhitng digu kién do phic duge tao thanh cang hoan toan. Héang
s6 khong bén digu kién K,y 14 nghich dao clia hing s6 bén digu kién:
M][Y"] 1
K'yy = " = — (5-8)
[MY"™] B my
Thi du I: Tinh hing s6 bén diéu kién ctia phuc MgY?- trong dung dich ¢ pH = 11,0,
bigt hang s6 cta phite dd Bumgy = 1087, hding s8 bén cua phic MgOH* Bugon = 10238,
va H,Y e¢d pK, = 2,0; pK, = 2,67; pK, = 6,27, pK, = 10,95
Dat §’ la hiang s6 beén digu kién cua phic MgY? tai pH = 11, ta cs:
[MgY?]

(Mg’][Y’]
trong do: [Mg'] = [Mg**]ayq va [Y'] = [Y*Jay
apgon = 1+ apon [OH7) = 1 + 10298103 = 1 + 10042 = 1 38

Mpy <

[H*]  [H*)? [H*]3 [H*}?
+ + +
K, KK, KKK, KKKK,
10-11 1022 10—33 10-44

aypy = 1+

+ + + - +
101095 1010,95 10-6,27 10—10.9510—6,2710—2,67 1OAI(1,9510—6,2710—2.6710-2

10—11
+—._._
101095

Il
=

= 1,89

Héng s6 ben ditu kién cua phic MgY?- trong dung dich ¢6 pH = 11 la:

1
ﬁ’MgY = 1087 —— = 108,28

1,38 1,89

tdc la §' cd nhd hon g mot chit it va gid tri nay khd 16n, ching té trong dung dich cd
pH = 11 va khdng con chét nao khéc tao phic véi jon Mg?* thi ion Mg?* tao véi EDTA
phic mét cich kh4 hoan toan.
Thi du 2: Tinh ndng dé can bang ¢ pH = 11 cia cdc ciu tit trong dung dich Mg+
co néng dé ban dau 0,01M va EDTA c6 nong do ban diu la 0,02M,
Trong thi du trén, ta da tinh duge hang s ben digu kién cta phic MgY? trong dung
dich ¢ pH = 11 13 8° = 10828,
Phuong trinh bao toan khéi lugng ciia Mg2+:
[Mg’] + [Mg¥?] = 102
va cia EDTA la:
[Y'] + [MgY?] = 0,02
Tit hai phuong trinh trén suy ra:
[Y'] = 0,01 + [Mg'}
Thay [MgY2~] = 0,01 — [Mg’] va [Y’] = 0,01 + [Mg’] vao bi€u thdc ciia hang s6
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bén digdu kign:

[MgY?] 0,01 — [Mg’]

[Mg’][Y'] [Mg’](0,01 — Mg’}
0,01

Gia st [Mg'] << 0,01 thi: ~———— = 1088
0,01[Mg’] '

— 108,28

ﬁ’MgY =

1
" = - -8,28
[Mg] = TTED = 10

Nhu vay, gia thiét trén la ding vi [Mg’] chi bing moét phan triéu caa 0,01
Ta biet: Mg = Melaponn
Trong thi du truée ta da tinh duge e 1,38; do dg:

10-%.28

[Mg2+] = = 10842

1,38

[Mg¥%] = 102 — 10828 = 102

[Y’] = 0,02 - [Mg¥2] = 0,02 - 0,01 = 0,01
Y’} 0,01

[Y+] = = = 5,2.103.
%y 1,89

Nhu vay, tai pH = 11 toan b Mg2* da tao phic voi Y*-.

Thi du 3: Tinh hing s6 ben digu kién cia phic NiY? trong dung dich dém NH; IM
+ NH,CI 1,78M. Biét rang trong diéu kién d6 ndng d6 ban diu cta ion Ni?* khéng dang
ké so véi ndng d6 NH,, phic cla NiZ* véi EDTA co hing s6 bén § = 101862 phite cua
Ni2* v8i NH; cd cac hang s bén tong cdng lan lugt la 102.67 10480 10090 10750 v
10819, pK cia H,Y da cho trong cdc phan trén,

ﬁNiY

Theo dinh nghia  f'y =
Ey(HY*Ni(NH3)
Vi ndng d6 [Ni2*] kha nhé khong dang ké so vdi ndng d6 NHs, nén ta coi pH cua
dung dich la pH cta hén hgp dém NH, IM + NH,C] 1,78 M.

NH} 109:25 1,78
[NHy] . _ 109

[H*) = Kyt
i NI} [NHL] )

Tinh aY(Hj
Ta tinh ayyy tuong ty nhu & thi du 1. Khi [H*] = 107, ta tinh duge ayqy) = 10125,
Tink aninity) © Ni(NITy) = 1+ 8, [NH;] +..+ B sINH,P.
Thay cac gia tri §,, nhu dAu bai da cho va [NH;] = 1 vao bi€u thic trén ta tinh
duge aNi(NH3) = 1082 Do d6 ta tinh duge 8 iy
1018.62
o = e = 109 = ?
B niy (101:28,1082) 10 1,38.10

Nhu vay, trong dung dich dém NH,; + NH,Cl cd ndng d6 NH; kha 1¢n, c6 pH = 9,
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ta cd thé nghi ring ion Ni?* viia tao phic véi EDTA vita tao phic véi NH;, nhung khi
tinh §’y.y ta thdy gia tri hing s6 dd rat ldn, chiing té Ni?* tao phic dinh luong véi
EDTA.

5.5. Phitc chit cia cdc ion kim loai véi axit etilendiamintetraaxetic

Trong s6 cdc chdt tao phiic vong cang (Chelate) véi cdc ion kim loai thi nhdm thusc
thit hitu co cd tén chung 1a cdc complexon 13 ¢6 ing dung rit rong rai trong hda phan
tich. Cde complexon 1a nhitng din xuét cta cde axit aminopolicacboxylic.

Thi dy: nitrylotriaxetic hay complexon I.

= CH,CO0H
N = CH,COOH viét tat la H,Y
CH,COOH
axit etylendiamintetraaxetic (EDTA) hay complexon II
HOOC-CH,

CH,-COOH

" . / 2

N-CH,-CH,-N
HOOC-CH, CH,-COOH

duge viét tat 1a H,Y. Vi EDTA tuong d6i khé tan trong nuéc nén trong thuc t& ngudi

ta thudng diing mudi dinatri clia nd tan dugc nhidu trong nude, Mudi Na,H,Y d¢ duoc

got 14 complexon III hay trilon B. '

Bang 5.1. Hing s6 tyo thanh § cha cde complexonat kim logi

Cation KL Phire complexonat il ' lg A
Agt Agyd 2,1. 107 732
Mgt MgY? 49 . 108 8,69
Cal* Cay?Z 50 1010 10,70
Sre* Sry?- 43 . 108 863
Ba®t BaY?- 58 . 107 7,76
Mn?* MnY?Z 62 . 1013 13,79
Fe2* FeY?- 21,1014 1433
Co* CoY? 2,0 . 10t6 1631
NiZ+ NiYZ- 42 . 1018 1862
Cu’t Cuy?- 63 . 1018 1880
7Znet Zny? 32 . 1plt 16,50
cdst Cdy?- 29 . 1016 16,46
lig* HgY® 63 . 102! 2180
pu2t PoY?- L1. 1018 18,04
APt AlY™ 13. 1016 16.13
Fe3t FeY™ 13 . 1025 25,10
v3+ vy~ 79 . 1025 2590
Th4+ ThY L6 . 1023 1320

Cdc complexon tao duge phic bén véi hang chue ion kim loai. Cac phic nay théa
man cdc didu kién cia nhitng phan Ung diung trong phan tich thé tich. Vi vay, ngiy nay
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nguoi ta sit dung rit rong rai phuang phap chudn d¢ tao phuc ding cac complexon ma
chdt tiéu bidu la complexon III. Phuong phéap thé tich ding complexon dugc goi tén
riéng 14 phuong phdp chuan do complexon.

Trong chuong nay chiing ta s& ban téi 4o ben ciia cac phic complexon thudng duge
goi la cdc complexonat.

Complexon 11T tao phuc véi hau hét cac ion kim loai. Bang 5.1 ghi hang sé bén cia
cdc phic do va gia tri logarit cda cdc hang s6 bén dg.

EDTA 1a axit 4 lan axit, cdc hiing 56 axit ting néc clda nd la:

K = 1,0.10°¢ pK, = 2,0
5 2,1.10°%  pK, = 2,67
5,4.107  pK, = 6,27
K, = I,1.10"  pK, = 10,95

Vi phan ti tao phuc vdi ion kim loai & day la anion Y4, nén su tao phic cta ion
kim loai phy thudc vdo ban chadt ctia ion kim loai (thé hién & cdc gia tri hing s8 bén
nhiét dong trong bang 5.1) va vao pH cha dung dich.

D&i véi mbi ion kim foai, ta ¢d thé€ tinh duge pH d&€ kim loai d6 tao phiic m6t cach
dinh lugng vdi EDTA.

Ta hay tinh pH ctia dung dich phai bing bac nhiéu dé ching han khi tron 2 thé tich
biang nhau cia dung dich ion kim loai M™* va dung dich EDTA c6 ndng do bang nhau
C, thi 99,9% luong ion kim loai tao phic complexonat MY©-4,

Khi tron 2 thé tich bing nhau cia dung dich EDTA va cia dung dich M"* thi nong
dd cta chiing giam di mot nia, bang C/2. Theo dinh luat bao toan khoi lugng thi:

' [MY"4] + [M"™] = 0,5 C, (a}
MY + (Y] =0,5C, (b)
trong d¢: [Y’] 12 tdng ndng do cde dang ton tai caa EDTA tru phde MeY™4, Tu (a) va
(b) suy ra:

X
o

(M™] = [Y] (c)
Khi 99,9% ludng ion kim loai da tao phic MY 4, tic la:
0,1 C, C,
M) = (1] = =

100 2 2000

Thay cac gia tri cia [MY?4), {M™*], [Y’] vao bi€u thic cia hang sé bén digéu kién
B, ta ca:
[MY|1-4] 210

B = = (5-9)
MY C

i

Nhu vay, muén cho 99,9% luong ion kim loai tao phiic complexonat thi hing s6 bén

]

diéu kién cua phdc phai bang
Ta d4 biét, theo dinh nghia:
p =L

:“Y(l 5}

. Ta hay tinh pH d& §’ bang gia tri dd.
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p
Cyiany T
(1) B
Gia st ta tim diéu kién d€ tao phiuc hoan toan khi ndng dé ban dau va EDTA déu
biang nhau va bang 2.102M (néng d6 thung gap trong thuc tién). Trong trudng hop
nay:
2.10¢ .
B o= = 10
2.10°?

V6i mdi phite, ta sé tim duge mot gia tri aymyy 4€ B’ = 108,

Phuong trinh bi€u dién dai lugng Ayqy 18 phuong trinh bac 4 d6i vai [HJ:

[HY) (") ('} (H*]*
+ + +

K, KK, KKK, KEKKK,

ayap = 1 + (d)

nén khi bi&t gia tri “yqyy ta phai gidi phuong trinh bac 4 d€ tim pH 1a viée cuc ky kho

khan. Do dd, ta nén vé do thi bi€u didn su phu thuée cia Iy vao pH cta dung dich.
Muén vay, ta thay cac gia tri [H*] lan lugt bang 107!, 10-<,... va 10°12 vao phuong

trinh {d) trén rdi tinh cac gia tri @y tuong ing. Cdc két qua tinh dugce tap hop trong
bang 5.2 sau day:

Beng 5.2. Cic gid trj “y(i) & cie pH khic nhau

pli l 2 3 4 5 .
aY(H} 101703 | 41343 LA 0844 (145 0366
pil 7 8 g 10 I "
Ay 10332 | 1027 l 0128 [ o045 | 007 !

Ti bang 5.1 ta da cd cac gia tri 8 ctia cide phic complexenat kim loai khac nhau. Tir
cac gia tri dd, ta tim dudc gid tri Ey(ny dé& cho 5" = 105 Dung db thi trén ta o6 thé tinh
duge pH dng vai gia tri dd. Dd 1a pH t6i thidu d& khi tron hai thé tich bing nhau cua
dung dich ion kim loai 2.102M véi dung dich EDTA 2.10-2M thi 99,9% luong ion kim
loai di vao phic v4i EDTA. _ _

Bang 5.3 la cdc gis tri @yppy cla cde phite kim loai d€ 87 = 108 tic 1a cac gia tri
®yiyy €An thiét d€ edc phic do duge tao hoan toan.

Bang 5.3. Cic gid tri “Y(H dE cie phive complexonat kim loai co g o= 1

’hie complexonat “y( Phite complexonat @Y (H) I'hire complexonat “y)
f\gY;“ 10-[1.08 | ‘L.Y:— ",0‘33 l IgY:_ 1(113,8
MgY? 0069 Coy?: 10531 Poy? 101004
Cav2- 10270 NIy .62 ALY~ o813
Sryds 10003 Cuys 0108 ey~ 16471
Y= 024 ny® [03-5 A% 10179
MY < 1055 cdy?- (540 Thy 10152
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18
Fe**
% YOl
14 Hg"*
12 { ,
2+ NS
o} @ Pb
A e
5 9% @
cd?* A
5 Fe**
4 24
Cu
P .
.Sr‘?

2 4 6 8 10 12 pH

Hinh 5.1 Gidn db sy phy thude cia “¥(H) viio pil pll t3i thitn dé 99,9% hrong ion kim loyi tao phikc
complexonat tir dung dich ion Kim loai nong do 210706,

Trén hinh 5.1 1a gian do bigu dién sy phu thude cia gid tri aygpy vao pH cta dung
dich va trén dudng cong bigu dién su phu thudc dd cd cac cham biéu thi gia tri dé phuc
kim loai cd 8’ = 108 Tu diém dd ta tim dugc gia tri pH tuong ung trén truc hoanh la
gia tri pH t6i thidu dé 99,9% lugng ion kim loai tao phuc complexaonat,

Tir db thi ta thdy cac ion Fe(IIl), In(II1), Th{(IV), Sc(I1D), Hg(D) tao phic bén trong
khoang pH 1 + 2. Cac ion Ni(ID), Cu(I), Pb(ID), Zn(iD), Al(IID), Cd(ID), Co(Il) tao phitc
hoan toan trong khoang pH 2 + 5, cac kim loai kiém thd tao phuc hodn toan trong
khoang pH 8 + 10.
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cnon 6

PHUGNG PHAP CHUAN D0 TAO PHUC

Cac phuong phap chudn d6 tao phic dya trén phan dng tao phic cta céc chat. Trong
phéan tich thé tich, ngudi ta thudng ding cae phuong phap chudn dé tao phic sau day:
Phuong phap thity ngan II. Phuong phap nay dua trén phan Ung tao phiiec bén giia
ion Hg* véi cac anion clorua, bromua, jodua va xianua. Thi du:
Hg?* + ClI- === HgCI*
HgCl* + C17 == HgCl,
Hg®* + 417 == Hgli~

Phuong phdp bge. Phudng phap nay dya trén phan dng tao phic giita ion Ag* va

ion xianua
Agt + 2CN™ — Ag(CN);

Phuong phép complexon. Phuong phdp nay dua trén phan ving tao phic cla cac ion
kim loai v6i nhdm thudc thi hitu co ¢6 tén chung la complexon nhu d4 ndi trong chuong
5 & trén.

Complexon 14 nhitng din xuit cha axit aminopolicacboxylic. Trong s6 cac thude thi
do thi complexon III: muéj dinatri cia axit etylendiamintetraaxetic 1a hgp chit dude s¥
dung phé bién nhat. Cac complexon ndi chung va complexon III néi riéng tao phic bén
v6i hang chuc ion kim loai. C4c phan ung tao phic nay théa man cic didu kién cia cac
phan dng dung trong phan tich, do do, ngay nay phuong phdp complexon la phuong
phap dugc sd dung rong rai nhit trong phan tich thé tich. Trong chuong nay ching ta
dé c4p chi y&u dén phuong phip chudn d6 nay.
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6.1. Phuong phap chuin dé complexon

O phan nay ching ta xét phuong phap chudn d¢ diing dung dich complexon III lam
dung dich chuén.

6.1.1. Chat chi thi trung phicong phdp complexon

P& xac dinh diém tdong dudng trong phuong phdp complexon, ngudi ta ding mét
s6 loai chét chi thi. Loai chdt chi thi duge sif dung nhidu nhat (cd tdi hang chuc chit
khac nhau) ditge goi 1a chét chi thi mau kim loai. O day ching ta chi xét loai chét nay.

Cdc chat chi thi mau kim loai 1A nhitng chat mau hitu co, ¢d kha nang tao voi cac
ion kim loai phie cAng cua ¢d mau va trong nhirng didu kién xdc dinh, mau cia phuce
dd khac voi mau clia chat chi thi tu do. Cde e¢hat chi thi mau kim loai thudng 1a nhitng
axit hitu co y&u hoidc bazg y&u, phian t¥ cia ching chda nhimg nhém mang mau va tro
mau nén ciing 1a nhirng chat chi thi pH. Do dac di€ém k& trén, mau cta chit chi thi loai
nay bién ddi theo pM (pM = —log[M"*]iva theo pH cua dung dich.

Khi chon chit chi thi cho sy chuin dd mat ion kim loai nao dé bang phuong phap
complexon, ngudi ta phai chon pH thich hap (bing cach dung cac dung dich dém thich
hop) d€ phan tng tao complexonat kim loai xay ra hoan toan, chat chi thi tu do va phic
cua chit chi thi véi ion kim loai phai cd mau khac nhau, dé phan biét va su ddi mau
cua chat chi thi phai x4y ra d rdt gin diém tuong duong.

Khoang d6i mau cda chit chi thi mau kim loai 1a khodng pM trong dd cd thé xay
ra sy bi&n d8i mau cta chét chi thi.

Gia si Ind 1a dang ctia ch4t chi thi tao vdi ion kim loai phic mau. Dua vao can
bing:

M + Ind ~=MInd
ta cd thé tinh duoc khodng ddi mau cua chat chi thi (8 day d€ don gidn hda trong can
bang trén ta khang viét dién tich ciia cdc ion). Thi du, xét trudng hop cla ion Mg?* va
chét chl thi eriocrom den T (thudng dugc viét tat la ET-00).

ET-00 la da axit y&u, ta ki hiéu 1a H,Ind, anion Ind* cé mau da cam, tao véi ion
Mg?* phuc chdt ¢6 mau dé:

Mg?* + Ind® == MglInd~ (a)

Hing s6 khong bén cia phidce dd:

[Mg**][Ind*]

K=— " =107 (6.1)
[Mglnd™]
Ion Ind3- con phan wng vdi ion H* tao thanh nhitng dang axit ¢d mau khac nhau:
Ind* + H* == HInd>  pK, = 11,5 (b)
da cam xanh
HInd?> + H* == H,Ind” pK, = 6,30 (c)
xanh . do

Dat Ind’ 14 nong d¢ cta cdc dang cta chat chi thi khong lién k&t vdi ion kim loai
dung dich, tdc la:
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(Ind’] = [Ind*] + [HInd?) + [H,Ind"] (6.2)
Hang s6 khong bén didu kién cta phuc gita Mg2* va ET-00 la
[Mg**][Ind’)
K=

(6.3)
[Mglnd ]
Tir bi€u thic cdc hang s6 can bing (b} va (c), ta suy ra:
(Ind*]{H*]  [Ind*[H*]2
[(Ind’] = [Ind*] + +
K3 KSKZ
(H*]  [H*]-
=[Ind*) (1+—=—"+
Ind*] (1+ "+ % &)
= [11"1(.l3']cr[m!(l 0 . (6.4}
Tir (6.3) va (6.4), suy ra:
[Mg?*][(Ind*] :
K = [Mglnd -] “lnaqty = Ko (6.5)
Mgind™
va [Mg?*] = K’ -[—~—] (6.6)
[Ind’] _
[MgInd~}
pMg = —log[Mgz*] =pK - log————
[Ind’]
: [MgInd ] 6.6.0)
= pK’ - loge - log ———— .6.a
P Ind(11) (Ind']

Nhu vay, uing v6i méi gia tri cda pMg, tai pH x4c dinh, t] s6 [MgInd~)/[Ind] c6 gia
tri xae dinh. Mau sic ecta dung dich phy thudc vao ti s6 dé. Ta phin biét mau cia mét
trong hai dang khi ndong d6 cia né 1én hon dang kia mot s§ lan, théng thuong khoang
10 lan. Va trong trudng hop nay khoang d8i mau cta chét chi thi 1a pK’ = 1. Khi pM
2 pK’ + 1 dung dich c6 mau cta chat chi thi ty do, khi pM < pK’ — 1 dung dich cg
mau cua phic MgInd~. Mau sic ctia chit chi thi tu do con phu thudce vao pH cua dung
dich. Khi pH < pK, chit chi thi ton tai trong dung dich chi yéu dusi dang H;Ind~ mau
do. Khi pK; < pH < pK, chat chi thi ton tai trong dung dich chu y&u dusi dang HInd?-
mau xanh va khi pH > pK; chat chi thi trong dung dich tén tai cht yéu dusi dang Ind?
mau da cam.

Duva vao phuong trinh (6.6) ta ¢6 thé ve duge gidn d6 sy phu thuéc cua khodng ddj
mau cta chdt chi thi vao pH clia dung dich. Trén hinh 6.1 1a gidn dd dd d6i vai trudng
hgp ET-00—-Mg2+,

Cing nhu trong phuong phap trung hoa, dé chon chét chi th) thich hop cho sy chugn
dé mét ion kim loai nao dd, trong phuong phép complexon, ngudi ta cung dua vao dudng
dinh phan hoac viéc tinh sai s5 chi thi.

Trén hinh 6.1 la gian d6 bidu dién sy phu thuac khodng d8i mau cta ET—00 d3i vdi
ion Mg?* va pH cua dung dich. Dya vao dd thj nay va duong dinh phan khi chuin dé

“
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100
2 Ind?”
pMy | HyInd 5 Hind o cam
ranh JPY
,/"' e
50 F oz
!-’ ’,"‘
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! /‘(.
/ '
1 L £ y L \ L )
2 d g 4 10 12 74 pH

Hink 6.1. Khodng dbi miu cia ET-00 phy thude vio pH dung dich.

magié ta thidy dugc viéc chon digu kién nhu thé nao {chon pH dung dich nhu thé& nao)
d& khoang ddi mau nim trong bude nhay cia dudng dinh phan.

6.1.2. Puwirng dink phin trong phwong phip complexen

Gi4 st chudn do V, ml dung dich mudi kim loai cd ndng doé mol la C, bang dung
dich complexon III ¢cé ndng do mol 1a C. Dudng dinh phan la dudng biéu dién su bién
thién cha pM theo phin chuiin d¢ F, pM = f(F), trong dg, eling nhu & cde chudng trude,
pM = —log[M] va F = CV/C,V, 12 mic dd lugng ion kim loai dd dusc chudn do hay la

phan ion kim loai da tao phic vdi complexon. Ta hay thiét lap phuong trinh cia dudng
dinh phén.

Trong qué trinh chuin do trong dung dich ¢6 cic cin bang sau:

- Can bing tao phuc gita Y+ va ion M (d€ don gidn ta khong viét dién tich cac
ion}):

M+Y — MY
- Céc can biing cta b6n nic phan ly cla axit H,Y:

Y4 + H* HY*
HY? + H* == H,Y*
H,Y? + H* == H,Y~
H,Y~ + H* == H,Y

- Cac cAn bang tao phic phu cia M"* vdi céac ion khdc co trong dung dich nhy véi
ion OH~ hoac 14 mét thanh phan cba dung dich dém (thi du NH;).

M + OH- ==MOH
MOH + OH™== M(OH),

Goi [M’] va [Y’] la tdng cdc ndng do can bé‘mg cla céc dang clia ion kim loai M va cla
EDTA trit phic MY giita M va Y. D€ tinh [M’] theo F ta ding cdc phuong trinh sau:
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My)
=8 (@)
[M][Y’]
C(’IV(]
M’] + [MY] = (b)
V,+V
cv (
Y]+ MY} = —— c)
V, +V
CV - COVO
Ly (c) ~ (b), ta cé: Y i-Mle —2° (d)
Vo+V
cv . . WVt V)
Dua F =ov vao (d) bang edch nhan hai v€ cha (d) véi ———  ta duge;
O 0 VO + V Vs
(Y]- M) ———— =F -1 hoac:
00
cV,
v 0+L‘V ~ [M] V. +V
4] . 0 _
—pory T MY ey =F-1 (6-7)

Phuang trinh (6.7) 1a phuong trinh dutng dinh phéan khi chudn d¢ ion kim loai M
bang dung dich chudn EDTA. Bang phuong trinh d6 ta e thé tinh chinh xdc M’ theo
F, tt dé suy ra [M] theo céng thite:

[M’]
(M} =

M
roi tit cde gid tri cia F va [M] tuong ving ta vé dudng dinh phan. Phudng trinh do 1a
phuong trinh bac 2, nhung nd cd thé duge don gian hda trong ting giai doan cda qua
trinh chuén dé:
- Trude va tuang d6i xa di€m tuong duong, néu §’ kha lén, {Y’] s&8 khong déng ké
so v6i [M’], phuong trinh (6.7) duge don gian hda thanh:

V,+V
M —=—— =F -1

00

00D

V, +V

M’} = (1 - F)

(6.8)
- Tai diém tuong duang F = 1, vay: [Y’] = [M'] hosc:

Ly VG

V,+V
gM’]

- [M]

= [M’]
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cCVv
[M’] rdt nhd so vai e | nén ¢S thé bd qua, viy:
vV, +V
C('IV(’
M} = \|— (6.9)
V, + V)

- Sau va tuong d&i xa di€m tuong dudng [M’] khong dang k& so vdi [Y’] vi khi dd
da ¢6 du complexon trong dung dich, nén:

vV, +V
Y] ——— =F -1
C('IV('I
()Vo _ [M’]
V,+V vV, +V
hadc - x =F -1
F[M’) CoVo
Vi M’ rit nhd so vd8i ———— nén phuong trinh trén duge don gian hda thanh
V,+V
1
———— =F —~ 1 hoac [M'] =g~ 6.10)
g ot M =prF-T1) (

Ngay sat trudc va sau diém tudng duong khi 0,999 < F < 1,001; thi [M’] va [Y']
x4p xi nhau, nén phai dung phuong trinh ddy du (6.7). Trong trudng hgp nay cd thé

C()L’l)
khang ké [M’] so vdi ‘*COTV{: , Nén ta  :
1 v
— - M) ——— =F-1 {(6.11)
ﬁ [M] C('IV()

Cach tinh 8’ xin xem chuong trude.

Thi du. V& dudng dinh phan, khi chudn do 100 ml dung dich mudi Mg2*+ 0,01M duge
dém boi hén hop dém NH; + NH,CI d&é giit pH = 10, bang dung dich EDTA 0,01M.
Phic MgY2- co 8 = 1087,

Trong dung dich nay ion Mg?* thuc t& chi tao phic véi EDTA, do d6 hing s bén
digu kién cta phic la:

[MgY?} p 1
e PMgy T
[M8'2+][Y ] 5 Ty
trong dd: ﬁMgY = 1087 va

[ [ [HP [H*]*
+ + +
K, KJK, KKK, K, K,

Ay = 1+

Thay [H*] = 10-10 vao bi€u thic trén, ta dude ayy = 10945, T dg tinh duge :
g = 10823
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Ap dung céac céng thdc tir (6.8) + (6.11) d& tinh pMg ta duge cic két qua sau:

‘The tich F Mg+ pPMg V(ml) F Mgt pMg
EDTA (ml}

2500 025 102:2 22 100,10 1,001 10-3:10 5,10
50,00 0,50 (248 248 101,00 101 10757 5,70
7500 075 j0-2.85 285 11000 110 1067 6,70
90,00 090 0328 328 125,00 125 r7-1o 7,10
99,00 099 jo-4:30 430 150,00 150 107740 740
99,90 0999 o493 4,94
100,00 100 103,00 500

Hinh 6.2 la dudng dinh phan vé theo cdc sd liéu cia bang trén.

8,0

My

60

Hinh 6.2, Pwrirng dinh phin khi chulin 49 dung dich Mg2+ 9,01M
biing dung djch chuin EDTA 0,01M, pHl = 10,

Qua duing dinh phan ching ta thdy riang: truéc va sau diém tuong duong pMg tang
cham, nhung & ving di€ém tuong duong pMg ting nhanh tao nén budc nhay & difm
tuong duong trén dudng dinh phan. Khi F tang tu 0,99 + 1,00 va tu 1,00 = 1,01, tic
la 1% thi pMg tang 0,7 don vi. Budc nhay cia dudng dinh phan phu thude vao néng do
dung dich chun EDTA va hang s6 bén digu kién cia phuic giita EDTA va ion kim loai.
Khi cac dai lugng dé cang 16n thi buéc nhay cia dudng dinh phan cang dai.

Thi du: Néu quy udc budc nhay la hiéu pMg khi F tang tit 0,99 + 1,01 thi buéc nhay
khi chuan d6 Mg?* 0,01M & pH 10 bang dung dich EDTA cung ndng dé 13 1,4 don vi
pMg, budc nhay khi chudn dé dung dich 0,1M ciing & pH dd bing dung dich EDTA cung
néng dé la 2,4 don vi pMg. Hing s6 bén didu kién phu thudc vao pH cua dung dich. Thi
du d&i vdi ion Mg?* khi tang pH thi hing s6 bén didu kién S cang lén va bude nhay
cang dai. Dya vaoe dudng dinh phin va gidn d6 ddi mau cha chit chi thi d6 cho viée
chuén &§ mjt ion kim loai bing EDTA. Thi du theo gian dé 6.1, tai pH = 10 chéat chi thi
ET-00 d8i mau trong khoang pMg tit 4,3 + 5,7, khodng 46 nim trong budc nhay ciia
duong dinh phén cta cac dung dich Mg(Il) 0,1M va 0,01M bang dung dich chuin EDTA
cling nong dd.
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6.1.3. Myt s& chdt chi thi quan trong ding trong cdc phwong phdp chuin 49 complexon

Ngay nay ngudi ta da tdng hop dugde hang chuc thude thit hiru co 1am chdt chi thi
mau kim loai trong chufin 4o complexon. Sau day la mot s§ chat chi thi quan trong nhat '
duge sit dung réng rii trong cic phong thi nghiém phéan tich. Vi s6 lugng cdc chét chi
thi rdt nhidu, nén tinh phd bign cia cdc phuong phip chuin d6 complexon ngay cang
duge md rong va ngudi ta néi cdc phuung phdp chudn dd complexon 1A hat nhan cda
phan tich thé tich hién dai. '

Erioerom den T (ET-00)

Dd la mudi natri ctia axit (1.oxi-2-naphtylazo)-6-nitro-2-naphtol-4-sunfonic. Céng
thide cdu tao cua chét chi thi la:

H,O OH;
N/
o CTIN
NO, NO, :
Cong thuc ctia ET-00 Céng thic cia phic MInd™

ET—-00 la chit chi thi ¢é mau khéc nhau phu thudce vao pH clia dung dich hod tan
né. Chat chi thi 1a da axit H,Ind. Khi pH = 6 chat chi thi ¢d mau dé nho, trong dung
dich ¢d pH ndm trong khoang 7 + 11 né ¢d mau xanh biée, khi pH = 11,56 né ¢d mau
dé da cam vi HyInd cé pK, = 6,3, pK, = 11,55.

ET-00 tao phitc d6 hosc hdng véi cic ion kim loai Mg?*, Zn?*, Cd?* thudng duge
ding dé€ chuén dé truc tiép céc ion dd trong méi trudng ¢d pH = 10 ding hén hgp dém
NH,—NH;}. Ngoai ra nd cdon duge dung lam chit chi thi d€ dinh phan gidn tiép céc jon
kim loai khdac nhu dinh phan Ni2+, Pb%* bing phuong phap chuin d¢ nguge véi mudi
Zn2* (pH = 10), chusin d6 Ca?* & pH = 10 bdng cach thém phic MgY?* vao,

Murexit

Murexit 1a mudi amoni cla axit pupuric CgHO(N;. Trong méi trudng axit manh
anion H,Ind~ cd cong thic cdu tao nhu sau:

OH O
/ AN
NH—C C—NH
e fl yd N
oc\ G-N=C /co
NH—C \C—NH
X 7

0 C

Anion H,Ind~ clia murexit ton tai trong dung dich axit manh. Axit pupuric la da
axit c¢d pK, = 0, pK, = 9,2 va pK; = 10,9 nén mau cua cac dang cia chat chi thi phu
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thuge vao pH cda dung dich.
Trong dung dich nude cd pH < pK;, chdt chi thi ¢6 mau dé tim, trong khodng pH
tt pK, + pK; cd mau tim hoa ca va khi pH = PK; chat chi thi ¢d mau xanh tim.
Murexit tao phdc véi cac ion kim loai sau: vai Ca2* khi pH = 12 phie mau d6; vai
Co2*, Cu®* va Ni?* khi pH trong khoang 7 + 9 (dung dich dém amoniac) phitc ¢ mau
da cam; vdi ion Ag* trong dung dich dém NH, vai pH 10 + 11,5 phitc ¢6 mau dé.
Murexit 1a chdt chi thj t6t cho viéc chusn d6 truc ti€p cac ion Ca2*, Cu?*, Ni2* va
Agpt,
Xilen da cam

Xilen da cam 13 axit hitu co da chitc, mét chat tao phic vong cang cua cd cong thie
cdu tao dudi day.

(HOOCCH,),NCH, CH,N(CH,COOH),
HO 0

H,C / CH,
C
SO.H

Cang tinke edn tao ciia xilen da cam

Trong dung dich nudc cd pH = 0 chat chi thi cd mau dé va mau hdng, khi pH trong
khoang 0 dén gan 6 chat chi thi cd mau vang, trong khoang pH tir 6,5 + 10,4 nd cé
mau do, trong khoang pH > 10,4 + 12 nd ¢6 mau dd nhat. Sau day 1a diéu kién ding
xilen da cam lam chat chi thi khi chudn d¢ mét s6 jon kim loai trong moéi trudng axit.

Bi** pH 1,0 = 3,0 (HNO,)

Th(IV) pH 1,7 + 3,5 (HNO,)

St pH 2,2 ~ 50

In3+ pH 3,0 + 3,6 dung dich dém axetat, dun gén s6i.
Hg?*, T+ pH 4,0 + 5,0 dung dich dém axetat.

Cdc ion trén duge xdc dinh bing phuong phap chuin do truc tigp, chat chi thi dai
mau tu dé sang vang.

Pb2*, Zn?* duge chudn dé khi pH = 5 dung dém axetat hoac pH = 6 ding dém
urotropin. Chét chi thi d6i mau tir xanh sang vang.

Cac ion A3+, Fe?t, Ga3*, Nj2+, Pb2*, Sn(1V), UIV), VO2+ khéng tao phic mau vai
chat chi thi, nén thudng duge xdc dinh bang phép chuin d% ngude véi dung dich mudi
Th(IV) trong méi trudng axit nitric loang pH = 1 + 3,5.

PAN

PAN 1a tén tit cua 1-(-2piridinazo)-naphtol-2 cg cong thie ciu tao la:
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PAN dugc dang 1am chat chi thi d€ chuéin dé truc tiép nhidu jon. N6 tao phic mau
d6 hdng hoac tim, tim dé véi nhidu ion kim loai. Trong khoang pH kha rong: tu 1 + 6
chit chi thi ty do ¢6 mau vang. Sau day 1a diéu kién chuin d6 truc tiép cac ion kim
loai:

- Voi Bi®*: dung dich HNO,; pH = 1 + 3 chéat chi thi d3i mau tir hdng sang vang
luc.

- V6i Cd2*: pH = 5 + 6 ding dém axetat, chat chi thj d8i mau tit hong sang vang.

- Voi Cu?t: pH = 3 + 5 ding dém axetat, can dun dung dich téi 70 + 80°C. Chat
chi thi d8i mau tir tim sang vang rat rd.

C6 thé ti&n hanh chuidn d6 trong dung dich dém amoniac cd pH = 9 + 10.

- Vai In3*: pH trong khoang 2,3 + 2,5, dung dung dich dém axetat, can dun gan
g6i, Ch4t chi thi d6i mau tit dé sang vang.

- Véi Ni2*: Dung dich cd pH khoang 4, thém vao dung dich metanol d&€ nd cd ndng
do khoang 25%, can dun nong dén khoang 50 + 70°C chat chi thi d6i mau tif tim dé
sang vang.

. Vi Zn?t: Dung dich c¢o pH khodng 4 + 6, dung dung dich dém axetat. Chat chi
thi d8i mau tif dd sang vang.

Cac ion Al3*, Fe3+, Hg?+, Co2t, Ga3t, Mo(V), PbZ*, Ca?*, Mn?* khong chudn d6 duge
truc ti€p ma chudn dé nguge bing dung dich mudi Cu?*.

PAR

PAR la tén tat clia 4-(2-piridinazo)-rezoxin ¢ cong thic ciu tao la:

oHn

Chét chi thi nay tao phic mau dé hoac d6 nho véi nhidu ion kim loai trong khoang
pH rat rong tit 1 + 11,5. Ch4t chi thi ty do cé mau vang nén khi chuin dé truc tiép
cac ion kim loai thi mau cda dung dich s8 chuy€n tir dé nho sang mau vang. Sau day
la digu kién pH d&€ chudn d¢ mdt s6 ion kim leai dung chét chi vhi nay:

Vai Bi3*: pH = 1 + 2, dung dich HNO,

TI3*: pH
In3*: pH

1,7, dung dich gan s6i.
2,3 + 2,5, dung dich 60 + 70°C.
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Hg?*: pH = 3 + 6.
Cu?*: pH = 5, dung dich dém axetat.
pH = 6, dung dich dém urotropin

pH = 11,5, dung dich dém amoniac.
Ni%*: pH = 5, dung dich dém axetat, nhiét d4 dung dich 90°C.
Zn**: pH = 5 + 11,5, dung dich dém urotropin (pH = 5) hoac dém amoniac

(pH = 11,5).
Pb?*: pH = 5 + 9,6 dung dich dém urotropin (pH = 5) hoac dém amoniac.
6.2. Phudng phap bac. Chudn dé xianua

Trong phuong phdp tao phic nay ngudi ta chuin 46 dung dich xianua bang dung
dich chudn bac nitrat.

Trong qua trinh chuén dé, trude diém tudng duong, trong dung dich e¢d du cac ion
CN~, nén x4y ra phan tng tao phic:

Ag* + 2CN™ =—= Ag(CN); (a)

Héng s6 bén tdng céng clia phic do B, = 10209,

Sau d6 ion Ag* két taa vai ion phic Ag(CN);:

Ag' + Ag(CN)} —= Ag[Ag(CN),] (b)

K&t tia trén cd tich s8 tan T = 10142, Phyc gita Ag* va OH~ kém bén so vdi phie
gilta Ag* va CN~, sy thiy phan cia CN- c6 thé bo qua, nén trong qua trinh chuin do
trong dung dich chi y&u chi xay ra 2 phan idng (a) va (b). Su xust hién két tdaa
Ag[Ag(CN),] lam duc dung dich cd th€ ding lam d4u hiéu chi thi cho viéc két thiic chudn
d6 ion CN~ bang dung dich chuin Ag* theo phéan iing (a). Ching ta ¢d thé tinh sai s6
khi két thic chudn d6 tai thai diém két tua Ag{Ag(CN)z] mGi xuit hién dua vao cdc can
bang (a), (b) va cac hing s6 tuong dng.

Gia si chuan dé V, ml dung dich CN~ néng dé mol 1a C, bang dung dich chusn
Ag* nong dé mol 13 €. Ta cing dat F ]a phan ion CN— d3 ducc chuéin d6 theo phan ing
(a), tdc la:

2CvV
F =

cCVv

© Q0

Treng qud trinh chudn do, khi k&t tia chua xust hién, ta luén viét dugc cic phuong
trinh bao toan khéi lugng dsi véi cdc jon Ag* va CN~ sau day:
2cv
2{Ag'] + 2[Ag(CN); ] =——— (6.12)
vV, +V

CI)V(I
[CN7] + 2[Ag(CN);] = —2 9 (6.13)
V. + Vv

2V - C v,
Ly (6.12) trir di (6.13): 2[Ag*} - [CN"] =——— ¢ (6.14)
V. +V
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vV, +V
Nhan hai v€ cua (6.14) vdi ta dugc:
(lVl)
V,+V 2CV -~ C V,
(2[Ag*} - [CNTD — =
CUV C(IVU
V, +V
hoac: F—1={(2[Ag"] - [CNT]) ~— (6.15)
cCV

Ta c¢d thé diung phuong trinh (6.15) d& tinh sai s6 chuan d6 vi theo dinh nghia
F — 1 sé la sai s8 tuong d5i. Khi két tua bAt dau xudt hién tuc la khi trong dung dich
bat dAu xay ra dong thai 2 phan ing (a) va (b), ta cd thé viét:
Ag(CN)7

= Z = 10209 (6.16)
[Ag*] x [CN7J* Az

[Ag*][Ag(CN);] = T = 107142 (617

Dua vao cdac hé thic (6.16) va (6.17) cd thé tinh dugc ndng dé can bang [Ag*]. va
[CN~] khi k&t thic chudn dé rbi dung phuong trinh (6.15) d€ tinh sai sé:

V, + V.
%8 = (F - 1)100 = (2[Ag*], - [CN]) 100%
0

Vi thue t& di€m cudi rdt gan difm tuong ducng, nén theo (6.13)co thé coi [CN7)
khong dang k€ va C V, = 2CV. Vay

—_ C('IV[) C(‘IC
[Ag(CN); ], = =
2V, + V) C, + 2C
T (C, + 200T (€, + 2001013
va tit (6.17) suy ra:  [Ag']. = = =
[Ag(CN); 1, c.C c.C
Thay gid tri cia {Ag(CN);]. va {Ag']. vao (6.16), suy ra:
cc 1
i

CN7], =
EN ) c, +2C \ B,,.T

Thay tri §,, va T vao bi€u thic trén, sé duge:
c,C

[CN™], = ——— 1036
C, +2C
c.c 2¢,C oy Cot2C
N -139 _ % __ 10-35 =
Sai s¢ %S (Cn+c 10 ¢ +3C 107365) . 560 100 (6.18)

Thi du: Tinh sai s§ k&t thic chudn d6 V, ml CN~ 0,2M bang dung dich AgNO, 0,1M
khi k&t tha AgAg(CN), bat dau xuat hién. Ap dung cong thic (6.18) d& tinh sai s6 tuong
d4si S: %S =-10197 % = —0,022%.

Sai s6 dd rat nhd nhung chi 1a sai s6 li thuyét. Trong thyc tién két tua AgAg(CN),
tao thanh titng ché trong dung dich ngay khi chua dén diém tuong duong va sau dd ket
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tua nay bi ion CN™ hoa tan rdt cham. D& khic phuc hién tugng dd, nguoi ta da dung
kali jodua lam chdt chi thi va thém amoniac vao dung dich d& tang d6 tan cua
AgAg(CN), . Trong trudong hgp nay cich tinh sai s6 chudn dé cung tuong tit nhu trén.

Cac phuong trinh bao toan khéi lugng ciia cdc ion Ag* va CN- trong qua trinh
chuan dé khi két tua Agl chua xudt hisn la:

2CV
2[Ag"] + 2[Ag(NHg)2+] + 2[Ag(CN)2‘] = (6.19)
' V,+V
C(lVU
[CNT] + 2[Ag(CN);] = . (6.20)
+
Lay (6.19) trit di (6.20), sé duge: ¢
X . 2CV ~ C .V,
2[Ag*] + 2[Ag(NH - [CN] =——— 2 2
[Ag'] { a)z] = [CN7] v 1
A Aot 2 o 2CV - C V,
2[Ag*] + 2[Ag*][NH ~CN ] =——————
[Ag7] [Ag"][NH;1%8, ; ~ [ ] v+ v
. 0 - e 20V - ¢V,
2[Ag*](1 + B, ,[NH,)D) - [CN7] =— 2
[ 1,2[NH;] [ v+ v
. N 2CV - C V,
F—1= (202" + a, .y ~ [CN7)} =—0— 0
Sai s6 tuong ddi phan tram la:
V,+ V
§% = (F - 1100 = {2[Ag*} (1 + @,y iy — [CN7]) == 100

[Ag*]. va [CNT], dugc tinh ti bidu thic tich s6 tan cta Agl va bigu thic hang s6
bén clia phuc Ag(CN);.

Thi dy: Tinh sai s8 chudn do dung dich xianua nong do 0,2 M bing dung dich Ag*
0,1M. Nong 46 iodua va amoniac khi két thic chudn do tuong dng 1a 0,01M va 0,2 M.
Héng s6 bén tdng cong clia Ag(NH,)} bang 10724, tich s6 tan cta Agl béng 10-16,

Khi két thic chuén do, tic la khi Agl vita xuat hién thi:

. T 10—16 y
[Ag ] =— = = 10
N s T U X
C(IV(! 1
[CN], = x
Z(Vo + VL) ﬁlAZTAgI
= CBV('I 10_2.75 — 2 ()C 10_2.?5
vV, + VC C“ + 2C

Thay C_ va C bang gia tri cia ching, ta c¢g: [CN-], = (0,2/2)x 10275 = 10375
Apgityy = 1+ 1072410714 = 10584



122 PHUONG PHAP CHUAN DO TAO PHUC

Thay cac gia tri cua {Ag*],, [CN7], va @ Ag(NIiz) V2O phuong trinh cha bigu thiic tinh
sai $6, sé tinh dugc sai s6 tuong dé&i 1a —0,18%. Sai s8 dd cd thé chdp nhan duge.

6.3. Phuong phap thay ngan. Chuéin d¢ cdc halogenua

Ion C1~ tao phdc kha bén véi ion Hg?* (8, = 5,56.10%, 8, = 3.10%). Do d6 n&u chuén
dé dung dich clorua bang dung dich Hg?* (dung nitrat) thi trong qua trinh chuin dé
xay ra phan dng: '

Hg?* + 2C1- - HgCl,

D& nhéan biét diém tudgng duong ngudi ta ding chat chi thi 1a diphenylcacbazit. Chat
dé tao v6i Hg?* phitc ¢é mau xanh tim. Ngay sau di€ém tuong duong ion Hg?+ ctia dung
dich chudn sé tao phitc mau vdi chadt chi thi dé. Khi dung diphenyleacbazit thi pH cta
dung dich phai trong khoang 1,5 + 2,0. Ngudi ta c6 thé dung ch&t chi thi khac la
diphenylcacbazon, trong truong hop nay pH cia dung dich phai trong khoang 2,0 = 3,5
vi chi & nhitng pH dd ion Hg?* méi tao phiic mau véi chat chi thi. Phuong phap thiy
ngin con dung d€ chudn do cdc halogenua khac nhu bromua, iodua va ca xianua va
thioxianat. Tuy nhién phuong phip nay khong ¢d nhidu uu di€ém nhu phuong phdp két
tua dung dung dich chudn bac nitrat, nén ¢ day ching ta khong xét tai.
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CHUONG 7

PHAN UNG KET TUA

Phan dng k&t tha la phan ding tao thanh cac chat rdn ti cac chat tan trong dung
djch.

7.1. Diéu Kién tao thanh két taa, Quy luat tich s6 tan

Khi cho dung dich bac nitrat tac dung vai dung dich natrj clorua, cac jon Ag* va
Cl” hda hdp v4i nhau tao thanh AgCl khd tan trong nudc (va ca axit loang) tach ra.
Cac ion NO; va Na* khong tham gia phan Ung, nén con lai trong dung dich. AgCl s&
ngung két tha khi phan dng dat tai trang thai can bang

Agt + Clm==AgCl}
nghia 1a téc d6 k&t toa bang téc d6 haa tan.

Téc d6 két taa Uy, £ 1é thuan véi dién tich bé mat s cta ket tua ti€p xtc v6i dung
dich va hoat do cta cdc ion tao thanh két tua:

Uy = k].aAg.aCl.s

Tdc dé hoa tan Uy, th 18 thuan v6i dién tich bs mat s caa két tia tigp xide véi dung

dich:

Vhe = ky8
Khi can bang dat dugc thi U = Uy,
tdic la k].aAg,a(,lls = kys
Tu d6 suy ra: Tpp oy = kolk, = TAgCI
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Nhu vay trong dung dich bdo hda cua AgCl, ¢ mét nhiét do cao da cho, tich s6 hoat
do cua cac ion Agt va Cl™ la mot hang s6 goi 1a tich s6 tan cha AgCl va duge ki hidu
bing TAgCI

Tagel = 8agt * 0
Trong trudng hgp téng qudt, ddi véi chdt it tan cd cong thic A B thi tich s6 tan
cla nd T‘\u\.”u la:
T‘,\mB“ = a'l.a) {(7.1)
¢ diy hoat do cua A phai liy thiua lén biac m va hoat d6 cha B phai liy thita 1én bac r
vi trong dung dich A_B_ tan ra va dugc tao thanh theo phuong trinh:

A B, == mA+nB
Néu A B, la chit khd tan (tic la ndng d6 cta cde chat A va B trong dung dich bao

™
hoa rdt nhd) va trong dung dich khéng con ion nao khac thi lde ion eda dung dich kha
nhd va ta cd thé coi hoat dé cua cac ion bing ndng do cua ching, do dd tich 86 tan sé

bing:
TA]'“BH = [A]I“'[B]u (7’2)
Hé thuc (7.1) trén day la noi dung cGa quy luit tich s8 tan. Theo quy luat d¢ thi:
Khi ay e < Ty oy

hoac khi kalalls < k.s
5 1" ]‘1 2

tite 14 tée d6 hoa tan 1dn hon tde do két tia thi A va B khong hda hgp duge vai nhau
dé tao thanh két tua. Dung dich khi d6 goi 14 dung dich chua bao hoa déi voi A B, vi
néu thém A B vao dung dich thi nd ed thé tan thém cho dén khi

mTn
ﬂ"” G'I] _11

l\ll“ n
hoac kafy . afy s = kys nghia la t6c d6 k&t tua bang toc d6 hoa tan, két tha khong duge
tao thanh thém va cing khong hda tan thém, dung dich § trang thai d6 la dung dich
bao hoa vi néu thém A B vac dung dich thi né khdong tan them nita,

Khi al . afy > T:\m};nl
hoac khi kal ol < ks
nghia la khi t6c do két tia idn hon tée d6 hoa tan, cac ion A va B 56 hda hgp vdi nhau
tao thanh két tda A B lam gidm hoat dé cha ching cho tdi khi

a?.al =T
AT AnBn
dung dich & trang thai nay duge goi 1a dung dich bio hoa.

7.2. Quan hé giia do tan va tich sé tan
Quan hé giita dé tan va tich s6 tan

D6 tan S cha mét chat 1a ndng do cha chat dd trong dung dich bao héa. Nhu vay,
dd tan cing nhu tich s8 tan 14 nhitng dai ltgng diac trung cho dung dich bao hoa. Do
dg, tich s8 tan va do tan ¢d mdi lién hé vdi nhau va ta cd thé tinh duge tich s6 tan ti
do tan hodc nguge lai.
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Thi du 1

Tich s6 tan cua BaS0O, & 20°C la bao nhiéu, néu bist rang 100 ml dung djch bao
hoa tai nhiét do dd chda 0,245 mg BaS0,. Bari sunfat phan li theo phuaong trinh:

BaS0, == a2+ + SO3~ {(a)
Tich s6 tan cia nd bang: fli"B“SD4 = A2+ Og02-
= [Ba™]fy,2+[80%"] fs01-
trong do, £, 2+, fsoﬁ‘ 14 hé s6 hoat do cia cac ion Ba2* va S05~. T do tan cua BaS0,
cd thé tinh duge néng dé can bang va hoat do cia cac ion d6. Ta hay tinh nong d6 can
bing cda cdc ion tit d6 tan. Do tan S cna BaS30, bing:
0,2451 1000 1

S = = 1,05.10"° mol/l
1000 100 2334

M50, = 233,4). Tic la: [Ba®*] = [SO037] = 1,05.10°5 mol/l
Luc ion cla dung dich bing:
#o=0,5(1,05.10%.22 + 1,05.105.22) = 4,2.10°°
Hé hoat sg ctia cdc ion Ba?+ va SO+~ bang:
logfy,2+ = logfy2- = ~0,5.22 V4,210% = —1,296.10°2

Tt cac gid tri néng do can bang va hé s6 hoat d6 clia cac ion ta tinh duge tich s8
tan.

Thuso, = (1,05.10%)? (0,956)2 = 1,03.10°10,

Vi do tan clia BaSO, kha nhd, nén cd thé coi hé 6 hoat do cla cac ion bari va sunfat
bidng 1 va tinh tich s& tan theo hé thic don gian:

Tn.-.so_, = [Ba®*] [S037] = (1,05.10°5)2 = 1,10.10-10

gia tri do chi khdc gia trj tinh theo hoat d6 1a 7%. Nai chung khi d6 tan cia mot kst
tia nhd han 10 mol/ thi ¢6 thé coi hoat do bang ndng 4o d€ tinh tich s6 tan theo cach
don gidn nhu trén.

Thi du 2

Tinh d6 tan clia canxi sunfat Ca80, biét tich s6 tan cta noé & 25°C
Thaso, = 9,1.10%.
Canxi sunfat phan li theo phuong trinh:
Ca80,==Ca’* + 803~
Dat d% tan efta nd 14 8 theo phuong trinh trén, ta cd:
S = [Ca®*] = [50%7]
va tich s& tan la Teaso, = [Ca®*)fc., 2 .fsoi—[SOE‘] = S 'fS()_%"
Néu coi cdc hé s6 bang 1 thi: Tewso, = 52
S = \»’T(_‘“SD'1 = 3,107.10°

Khi tinh gan ding nhu vay, dé tan l6n hon 104, nén phai k& t4i hé s6 hoat do dé
tinh S.
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Luc ion y# cia dung dich:
4 = 0,5(3,017.103.22 + 3,017.1032%) = 1,207.10-2
logfe,2+ = 108 fyol~ = ~0,5.22 V' 1,207.107 = —0.2196. Vi fi, 20 = fy2- = 0,603

nén: TC“SO4 = 8§%f% do dé:

Teaso, 91107
2 (0.603)2

S = [Ca’*] =[8057] = { = 5.10 mol/l

Gia tri S dude tinh khi k& dén hé s6 hoat do khac vdi gia tri tinh don gian d&n 38%.
7.3. Nhiing yéu té anh hudng dén d¢ tan

Trong céac thi du trén ching ta tinh d6 tan cua két tha vdi gia thist la cdc ion cua
két tha khﬁng tham gia phan dng vdi bt cit cdc ion nac khic trong dung dich. Nhung
thuc t& digu d6 kho gap. Cac jon kim loai cia k&t tua thudng tao phic véi anion OH”
va cdc anion cuia két tta thudng phan vWng voi anion H* trong cac dung dich nude. Ngoai
ra, nhitng chdt khac cd trong dung dich cing cé thé tham gia phan vdng vdi cac ion cua
két tua hoac it nhat cing lam thay d8i hé s hoat do cta chung. Nhiing yéu t6 do déu
anh hudng dén do tan cia két taa.

7.3.1. Anh hwdng cia cdc ion chung

N&u thém ion cua két tia vao dung dich bao hda cda két tua dd, tich s& ion sé 1dn
hon tich s6 tan, nén can bang sé chuyén vé phia tao thém két tua va lam giam dd tan
cia nd.

Thi du 1

Tinh d6 tan cia BaSO, trong dung dich Na,80, 0,01 M va so sanh v6i do tan cia
nd trong nudc. _

Trong dung dich ¢d can bang sau:

BaSO, == Bal* + 803
Goi S 1a dé tan cia BaSO, thi [Ba*] = S va do Na,50, phan li hoan toan nén:
[S07] = S + Cyys0,= S + 001

Tich s6 tan cia bari sunfat dit nhé (1,03.10°1%), trong dung dich lai ¢d du Na,80,,
nén do tan cha BaSO, lai cang nho, ta cd thé bd qua gia tri cia nd canh 0,01 va coi
[SO~] = 0,01. Trong dung dich ¢6 lugng dang k& chit dién li (Na,S0,) nén phai tinh
hé s6 hoat dé. Vi d¢ tan cia BaSO, rdt nhé, nén coi nong do ion Ba2* khong ding ké
khi tinh lue ion cta dung dich, tic 14 ta cho luc ion cua dung dich chi do Na,80, giy
nén:

p = 0,5(0,02.1% + 0,01.2%) = 0,03

Hé 6 hoat dé cia cac ion Ba?* va SO§™ bang

-0,5.22 V0,03

- =-0295
1+ V70,03

fa2t = fsoﬁ‘ = 0,507

logfiy,2+= loglsol==
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Thay cac gia tri hé s8 hoat d9 va nong d6 cAn bing cua cic ion vao bi€u thidce tich
sd tan, ta ed:

Tyus0, = 50,01 (0,507)2 = 1,03.10°17

1,03.10°1¢
§=—
0,01(0,507)2

S =4,1.10" mol/i

Trong thi du trén, ta da bigt d6 tan cua BaS0Q, trong nudc la 1,05.10-° mol//. Vay
d6 tan cua nd trong Na,50, 0,01M nho hon do tan trong nuéc la : 1,05.10°5:4,1.108 =
256 lan.

7.3.2. Anh huwong cia pH va chit tao phitc dén dé tun cia két tia

D¢ tan cda két tua sé tang 1én néu ion cia két tda tham gia vao cic phan dng véi
cac chat khac trong dung djch.

Thi du, d&i voi két taa M A, trong dé A ]1a anion cua axit yéu M la cation kim loai,
thi A c6 thé phan dng vdi ion H* con M ed thé tao phic véi cac phdi t khdc nhau trong
dung dich. Ngudi ta thutng dung khai niém tich sd tan digu kién d& k& dén nhing anh
hudng cida nhitng phdn ing phu dén dé tan cla két tia. Néu goi M’ va A’ 1a téng ndng
d6 cua cdc dang ion va phan ti cia M va A tan trong dung dich, thi tich s6 tan disu
kién T’ duge dinh nghia la:

T’Mm""n = [M’]'“[A’]" (7.8)

Cing nhu trong trudng hop phic chit, ta cd thé thist lap hé thic giita téng ndng
d6 M’ va A’ vdi nong d6 M va A tu do

[M’] X [A]
= m—— ¥, = —

TN

™ T [A]

Cdc hé s6 ayy va «, bigu dién anh hudng cia cac phan ing phu dén d6 tan cua két
taa.

Thay [M’] = ay,.[M] va [A]

i

a5 .[A] vao biu thic (7.3):
[M]M[ATY = [M]™ [A]".al.al

T MnmAp
’ = m .n
r MmAp, — TMmAn' M TA (7.4)
Néu goi S 1a d6 tan cla My A, thi Ty, = [M'JA]Y = (mS)™.(nS)"

m"n?

{m+n} [ T
v { “MmAn

.
V i oph

(7.5)

Sau day ching ta Ian lugt x. . anh hudng cla céc phan Ung phu dén dé tan cha két
taa.

Anh hudng ciu pll dén &6 tan
pH, tdc la ion H* trong dung dich, Anh hudng ro rét dén do tan trong hai trudng

hop chu yéu 1a anion A cia két tua 14 anion ctia mét axit yéu va cation kim loai cia
két taa tao phuc véi ion OH™. Ta hay xét ting trudng hop.
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) Anion A cta két tua M A 14 anion cia mét axit yéu
Trong dung dich bido hda két tda, anion A cla né tham gia vao cac can bang saw:
A+ H' HA

HA + H* === H,A

H A+ H"==HA

m-1
Néu ki hidu téng ndng do can bang cua cac dang tdn tai ciia A trong dung dich bang
A’ thi:
[A]l = [A] + [HA] +... + [H, A]
[H](A]  [H']*A] [(H*)"[A]
+ o

= [(A] + _ b
Kl KIK2 KIK2““hm
H+ H* 2 fH+ m
= [A] |1 +[ ] R ]
JKl KIK?. KiKZ“'Km
[A] = [A]a(”)

Né&u A 1a anion cia ddn axit thi:
[H*]
K

apany = 1 F (7.7}

Muén tinh dd tan cua két tia, cin tinh tich s6 tan digu kién tde la phai tinh ATy
Viéc tinh dai lugng dod sé rdt don gidn néu bigt pH cua dung dich. Nhung néu khong
bigt trugc pH, véi trudng hgp ma tich s tan cha két tia rdt nhd, do tan cia nd khang
lam thay d8i pH cua nude, thi pH ctia nude cd thé coi bang 7 (& 20°C). N&u tich sd tan
ctia két tia kha lén, thi trudc hét phai tinh d6 tan cda két tda vai giad thiét 1a anion
cia két tia khong tham gia vac phan dng phu, theo cong thuc:

m+n) | 7T
s :( ) MpAg
mM

Tir nbng dd cia A bing nS va cac hing s6 axit ta tinh pH cta dung dich r5i tinh
X ATy cudi cung tinh tich sd tan digu kién T’ va tinh 8 theo (7.5). Tit d6 tan nay lai
tinh pH cta dung dich va tu gid trji pH mdi lai tinh dd tan lan nda. Né&u db tan nay
khac nhiéu d4 tan lan truéc thi phai tién hanh lap lai viéc tinh d¢ tan nhu trén cho dén
khi do tan tinh dudc 1an cu6i khong khac dang k& so vdi do tan tinh ngay 1an trude do.
Sau day la mot 56 thi du cu thé.
Thi du 1. Tinh do tan cta CaC,0, trong dung dich cé pH bing 4. Biét T
2,3.10 va H,C,0, cd pK, = 1,25, pK, = 4,27.
Trong dung dich cd cac cin bang sau:
CaC,0,{ = Ca?* 4 CEOE_
C,0{" + H* == HC,0y
HC,0; + H*== H,C,0,

TaCs 04
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Dat T° 1a tich s6 tan diéu kién va S la d6 tan caa CaC,0,, thi:
T’ = [Ca?*)[ C,037] = 82

Trong ds [C,0; ] = [C,057] + [HC,0,7] + [H,C,0,] = [C,03" leco,m)
[HT] [H*]?
A 04(H) +
£ K, KK,
Khi pH bang 4 tic la {H*] = 10-4, thi:
10-4 1078

FC0,H) = 1 +10—4‘2? +10~4,27’ 10025 — 100,46

) — —_— '9 . = Ty
T CaCy04 = TC3C204 FEC0,H) T 2,3.197.10%46 = 10818

D¢ tan cta CaC,0, bang: § = VT = V10318 = 81.10°5 mol/!
Thi du 2. Tinh d6 tan caa Ag,S trong nuéc. Bist fl“Agzs = 6,3.105¢

H,S ¢ pX| = 7,0;pK, = 15
Dat 77 1a tich s6 tan digu kién cua Ag,S va S 14 do tan cha nd thi:

T = [Ag'}?[8?) = Taygy = 45°
Vi tich s8 tan cta Ag,S rdt nhé, nén ¢ thé coi pH cia dung dich bang pH cua nudc,

tic la bang 7,0. Do ds:
107 10-14

+ =1+ 10% + 10% = 1083
10015 1022

G‘S(H) =1+

T’ pgys = 6,3.10°0.1083 = 6,3.10-417

3/ T 3 |6,3.1047
S =\ — = — = 10133 = 316,101
4 4

b} Trudng hop cation M cia ket tua M,.A, tao phic véi ion OH™ . Phan tng gita M
va OH™ co thé xay ra theo nhidu néec:

M+ OH™ ——=MOH
MOH + OH™ == M(OH),

M(OH)p_l + OH- :.M(OH)p
Dat [M'] 1a t6ng ndng d6 cdc dang tén tai cha M trong dung dich thi:
[M’] = [M] + [MOH] + ... + [M(OH)P]
Goi ﬁt,ﬂz,...,ﬁp 14 hang s6 b&n titng nédc cla cdc phic gita M va OH-, ta cd:
[M] = [M] (1 + B,[OH] + BS,[0H? + ..+ f,..5,[OH"]P)

Mlemcon

Viéc tién hanh tinh @pmeony CUng tudng ty nhu tinh % (H) va apyy-

Né&u c& M va A déu tham gia vio cdc phan wng phu thi khi tinh tich s& tan digu
kién phai tinh ca CAqH) V2 Cppepy-
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Thi du 3. Tinh 46 tan cha CuS trong nude. Bigt T,q = 6,3.10-*¢. Hang s6 bén tdng
cong ctia cac phic gifta Cu2* va OH™ lan luot la:
ﬁl - 107, ﬁl‘z = 1013‘68’ ﬁlS = 1017’ ﬁl.4 = 10183,
Dat 7" va S 1a tich s6 tan diéu kién va 46 tan cua CuS, thi:
Tews = [Cu2+][_52'] = Tcus: Eeu(oHysH) = §?
Vi T c@a CuS rdt nhé, nén néng dé ctia Cu?* va 32" trong dung dich khéng du lén
dé€ lam thay d8i pH cla nude, va ta cd thé coi pH cia dung dich bang 7,0, tifc 1a [H*]
= [OH"] = 1077
acyopy = 1 + 107107 + 101345.10°1¢ + 10171921 + 101831028 = 1093Y
Trong thi du trén da tinh agy, bing 1083, nén ta cd:
T’oys = 6,8.10°36.10039.1083.10-265 = 3,16.10%7
Scys = VT = 5,6.10°14 mol/l
D6 tan tinh dudc ldn hon 1000 1an so véi do tan khong tinh dén phan dng phu cua
cac ion Cu2* va $2° (bing cin bac hai cia T = 10-17:6)
Thi du 4. Tinh d6 tan cia canxi photphat Ca,(PO,),, biét T cia nd = 1026, H,PO,
cG pk, = 7,26, pk, = 12,36. Phite CaOH* cé g = 10149,
Vi T cia Ca,y(PO,), khong qua nhd, nén phai ké dén phan dng phu cia cac ion cua
k&t taa, dac biét cua [POF~) vi nd 1a bazo kha manh.

Hinh 7.1. D0 thi logarit ndng 4§ cta dung dich Cay(POy), .
Trudc hé&t tinh d6 tan S* ctia két tua khi khong k€ dén phan d@ng phu cédc ion cua
ndg.
ST
S* = Caz(PO4)2 = 10-5‘6[
32.22

Dua vao phuong trinh bao toan khéi lugng:
[Cal*} + [Ca(OH)'] = 38* = 3.10-56!
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[PO;~] + [HPOZ™] + [H,PO;] + [H,PO,] = 28* = 2.10-5:61
va cdc hing s6K |, K,, K;va §§ ta & thu dugc db thi logarit n”(')ng. d6 cia dung dich (xem
hinh 7.1).
Phuong trinh bao toan proton cua dung dich:
[H'] + 3[H,PO,] + 2[H,PO;] + [HPOZ"} = [OH"] + [Ca(OH)*]
Theo d& thj logarit néng do cua dung dich, thi tai giao di€m cua hai duding
log[HPO3~] va log[OH "] ta cd thé bé qua dugc [H*], 3{H;PO,], 2[H,PO;] canh [HPO{™]
va [CatOH)*} bén canh [OH) trong phuong trinh bao toan proton va phuang trinh dd
chi con la:
[HPO{™] = [OHT]
Ciing do bd qua dude cac dai lugng nhé bén canh cic dai lugng 16n, nén:
[Ca?*] = 38
[HPOZ"] = [OH] = 28
[H") [PO}7]

Vi: 28 = [HPO37] =
3
S - Fii,0[PO77] _ kryolPOF7]
[OH™] &, 28K,
1K, S2 4.10-12.36g52
Tit d6 suy ra: [POE_] = = = 4.1016452
EHp0 10°14

Thay gia tri cia [PO}~) va [Ca2*] bang gi4 tri cta ching theo § vao bidu thic tinh
tich s8 tan, ta s& tinh duge S:
Teaypoy), = [Ca®"PIPOI P
1026 = (353 )(4.101.6452)2
Giai phuong trinh d6 tinh duge § = 10-4.56 = 3,63.10°% moljl
T d6 thi méi nay ta vé do thi logarit ndng dé cua dung dich va tir d6 ta ki€m tra
lai thdy tai.pH tdng vdi giao diém cta 2 dudng log[OH~]va log[HPOﬁ_] ta co th€ bo qua
dugc cdc ndng do nhé nhu trén da lam. T 44 ta thay dung dd thi cd thé don gidn hoa
duge viéc giai cdc vAn d& khd phic tap ma van bao dam 46 chinh x4c.
Thi du 4. Tinh d% tan clia MgNH,PO, trong dung dich co pH béing 10 chia hén hop
NHJ + NH; cd tSng ndng dé bing 102M. Biet NHy ¢d pk, = 4,74; H,PO, cd pk, =
2,12; pk, = 7,21; pky = 12,36, phic Mg(OH)* ¢g B8 = 10258 tich s6 tan T

10°12% tSng ndng do photphat 1a 10-2. | MENTP O,
Dat 77 1a tich sd tan digu kién cua MgNH,PO, va S la dé tan cua no.
T’\gNt o, = [Mg'IINH,[POy)
T'MgNH PO, = I, “Cpoy TMgNHapo, (a)
Mgony = 1+ BypomyH{OHT] = 1 4 10141 = |
K

=1+ -— =14 10075 o 10082
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H*] [HY? [HT]
—+ +
K3 KIK?. K1K2K3

9poy =

=1+ 1023 + 10043 + 1083 = 10236
Tich s6 tan digu kien: Tyy,ny,po,= 1012610082, 10236 = 10-9.82
Téng ndng do6 NH} + NH, = 0,2 M va t8ng ndng do photphat 1a 102 M. Vay:
[NHf] =02 + S
[PO;"] = 0,01 + 8
Mg®] = 8
Theo dinh nghia, ta cd:
T = 1098 = (0,2 + 8).5.(0,01 + 9)
Gia thigt S khong dang k& so vdi 0,01, nén:
10982 = 0,2.8.0,01
S = 2,6.107 mol/l
Anh hwéng clia chit tao phive d&n dd tan cia k&t tia
Cation M ctia két t1a c6 thé tao phitc vdi phéi t& ed trong dung dich hoac véi chinh
anion A cua két tua.
Su tao phitc vdi anion lg
m-mn
vao phin tng phu nao khéc thi tich sé tan digu kién la:
T = [M™ aﬁ(l_) [A]" =T aR}l(L) (7.7)

He =6 MLy phan danh anh hudng cia sy tao phic, N&u A clng tham gia vao phan
ing phu, vi du voi ion H* thi '

Gia st cation M ctia két tha M_A tao phdc vdi phoi td L. N&u A khong tham gia

T = [M™ [AT = Tayyaia (7.8)
s X s (M1 [A]
Dit S 14 do tan cua két tda, thip S = — =
' m n
Suy ra: [M’] = mS va [A] =nS

Thay céac bi€u thic dd vao bigu thic tich s6 tan (7.8}, ta cd:

m+n T )
5= — (7.9)
mo.n

Cac hé s6 L) va TpeH) duge tinh tuong ty nhu cdc cach tinh & cac thi du da néu
trong céc phan trén.

Thi du. Tinh dd tan cfia BaSO, trong dung dich musi dinatri cia EDTA ndng 46 10-2
M c6 pH = 10. Tich s6 tancia BaSO, = 1,1.10-!, hang s6 bén cua phitc Ba¥? = 10787,
Sy tao phic ciia Ba?*t v61 OH™ va phan dng cla SOi“v(ji H* cd thé bé qua khong dang
ké.

Trong dung dich BaS0, phéan li:



CO SO HOA HOC PHAN TiCH

133

BaSO, == Ba®* + S0~ (a)
ion Ba2* tham gia phan ung véi anion Y4 céia EDTA:
Ba?* 4+ Y% —=~ BaY? (b)

[Ba’] = [Ba?*] + [BaY?
= [BaZ+] (1 + aBa(Y))
T8as04 = Thasoy [B')[SO;7] = §?
§2 = T'p 50, XBacy)
acy) = Bpay Y] [Y*] = Cepra Ly ey
trong do CLpra 12 ndng d6 EDTA ty do khéng tao phiie, tic 1a
Cepra = 0,01 — [BaY?] = 0,01~ §
khi pH bang 10 | tic la [H*] = 1010

@y(Hy = 9,9
. 0,01 - 8
vay: T=—
Y*] %9
0,01 - S
82 =1,1.10110 109778
9,9

Sau khi giai phuong trinh, ta dudge S = 2,27.103 mol/t

Sy tyo phire véi ion k&t taa

Cd nhigu truong hop anion A vita tao véi cation M két taa MA vila tao voi M cac
phitc tan MA*, MA, khi trong dung dich cé du A. Trong truding hgp dd, néu ta thém dan
dung dich cia A vao dung dich cta M thi khi du A d6 tan cda két tGa bAt dau giam
xuéng (do anh hudng cua ion chung), nhung khi dat dén mot gia tri cuc ti€u, thi d8 tan
lai tang lén khi ti&p tuc them A vao va céc két tia od th€ tan hoan toan. Thi du, ion

Ag® vita tao vai jon Cl- két tia AgCl vita tao véi né cde phic AgCl*
AgCE~.

Ta cd th€ biu dién cic qua trinh tao phic va két tda nhu sau:
Phan dng két tiua M+ A —=MA| (a)
Phan dng tao phic M+ A ==MA* (b)

MA + A== MA,

MA,, + A == MA ()

, AgCLy, AgCE~ va

D¢ tan cia két tia phu thude vio ndng d6 cua A, Ta hay tim bi€u thuc lién hé giva
do tan S cua két tua va ndng do cla A. Dat [M’] 14 ndng do tdng cong cha cic dang cla

cation M, [M’] chinh 1a d4 tan S:
[M'] =S = [M] + [MA*] + [MA,] + ... + [MAP]

Cd thé bigu difn cic ndng do can bing trén tif cdc can bang (a), b...

T
Theo (a) thi: M] = —
[A]
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Theo (b) thi: [MA*] = §, [M] [A] = B, -Tya
Theo (c) thi: [MA,] = 5,[MA*] [A] = B85 Tra- Al
Tuong tu, suy ra: '
[MA,] = 8 5 Tra[A)!
D5 tan clia két tua

T

S =[M]=— + 8, T+p,TA] + BT [A] +..+..+ B, ,-T[A]"!
A [

1
7{ Al + By + Brg (Al B, (A1) (7.1m

Ddi voi két tha c6 thanh phan 14 MA , mot cach tuong ty, ta cé thé dé dang thiét
lap bi€u thic tinh dé tan S cha nd la:

S = [M] = Tya, { + [ 4+ By p [AITDY (7.11)

[A]"

Qua cédc biu thie trén ta thdy muén tinh do tan cta két tda ML hoac ML ta phai
biét cac hing s3 bén téng cong clia cac phic va ndng 46 can biing cla anion A, Khi tinh
dé tan cua két tua trong nudc nguyén chit ta cd thé gid thiét la trong dung dich chi
tdn tai chi y&u cac phic MA* vd MA,, vi nong d¢ ctia A do két tia phan li ra thudng
khéng 16n, Tit bidu thic dd tan:

S = [M] + [AM*] + TMA)] = {A] + [MA"] + 2[MA,]
ta suy ra:
[A] = [M] — [MA,)
Mat khdc, ta bist:

TMA
[M] = va [MA;] = B ,Tya [A
[A] 2 12 MA
TMA
én: Al = - — TualA
nen [A] [A] ﬁl,z ma-LA]
hoac [A]Z = Tya = B2 Tua (A
T
Do dd A] =\ —2 (7.12)
' 1+ B 2Tya '

Tit bigu thyc (7.12) ta thay ring khi két taa co tich s6 tan nhé va phic ML, khong
bén tifc 1a ;5. Tya << 1, thi sy tao phic khong 4nh hudng dén dé tan. Nguge lai, néu
812 Tpya 190 hon nhidu thi do tan cua két tda chiu 4nh hudng cia su tao phuc.

Tuong ty, déi voi k&t tia MA_ trong nudc nguyén chit, ta cd thé tinh duge nbéng
d6 cAn bang cta anion A la:

T . .
[A]=\j MAALP ] (7.13)

1+ Tya, e
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Thi du 1

Tinh d¢ tan cta AgCl trong nuée. Biét tich s6 tan cia nd bang 1,78.10°10, hang sé
bén téng coéng ctia phic bac clorua la B = 10304 B, = 10%%, Sy tao phic cia Ag*
va OH™ khéng dang ké.

Ap dung cong thic (7.12), ta cé:

1,78.10°1¢
[C1] = = 1,33.10°5

1 + 1,78.10°10, 10504
D6 tan S cua AgCl:

1

[CT]-'- ﬁl,l + ﬁl‘Z{Cl_]}

S5

|
>
o5
8]
—~—

Il
—
=]
o
[
o

—
==

— 10304 1 10594.1,33.10} = 1,33.10°5 mol//
1,33.10-

Trong trudng hgp nay su tao phic anh hudng rat it dén dd tan clha két tda. Né&u
trong dung dich ¢6 du anion A thi viéc tinh nbng do can bang cia A kha phic tap vi
trong dung dich ton tai nhigu dang phic cta A. Trong nhiing trudng hgp nhu vay can
dva vio cdc digu kién cu thé d€ tinh gan dung.

Thi du 2
Tinh d6 tan caa bac clorua trong dung dich clorua 1M. Gia thiét trong dung dich
cd du axit dé bé qua sy tao phic cia ion Ag* va OH" . Hang s8 bén téng cong cia cdc
phic bac clorua 1a 8, | = 10304, g, = 10504, Bis = 10505, 8 = 1053,
Trong dung dich bao hoa bac clorua cd cac can bang sau:
AgCl| — Ag?t + CI”
Agt + CI' —/—= AgCl"
AgCl + CI' — AgCly
AgCly + CI' = AgCg~
AgCl~ + CI' == AgCE~
Phuong trinh bao toan khéi lugng véi ion Cl- la:
Cer=1 = [CIT] + [AgCl’'] + 2[AgCy] + 3[AgCE] + 4{AgCE™)
= [CI7] + 811 Tagar + B12TapailClT] + B13TagalCl71? + By 4T pge[CH 13
1= B4 Tager = (1 + 1,78.1047%) [C17] + 1,78.104% [C17]2 + 1,78.104% [C17]3,

Vi 1,78.106:% v4 1,78.1049 déu nho hon 1 nhidu, nén ta cd phuong trinh don gian
hon:

1 = [CI7] + 1,78.10499[C17)2 + 1,78.1047[CI~]3.

~ N&u giai gan diing phuong trinh trén ta cé thé chap nhan ngay nghiém [C17] = 1.
Do d6 d6 tan S clia bac clorua 1a:
1

TAgCI([a + B+ BLC] + B5[C17)2 + 8 ,[C17])

S =

= 1,78.10°10 (1 + 10304 4 10504 4 1050492 4 1053.13) = 5,52.104 mol/!
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Tit bi€u thdc cha do tan cd thé tim dude gia tri [A], dng véi gia tri dd d tan cia
két tta 12 nhé nhdt. Thi du d6i voi k&t taa AM.

1
8§ =" Tya ( -——[A] + By + ByofAl + 51‘3[A]2 + ..+ ﬁI‘P[A]P-l)
ta 14y dao ham cia S theo A va che dao ham d¢ bing khong, sé tim duge gia tri [A].
D& cho dé tan la nhé nhat thi ndng d6 cia A phai di nhd, do dd ta cd thé gia thiét la
thuc t& trong dung dich chi ¢d hai dang phic MA" va MA,. Khi da:

1
S = TMA( m + B, T ﬁ;,z{A])

Sau khi tinh dao ham ctia S theo [A] va giai phuong trinh dao ham d6 bang khong,
ta tim dugc:

-05
[A]cl = ﬁl,Z
Thay biéu thdc d6 vao bi€u thdc dé tan, ta tim duge do tan t6i thi€u S ,.

- -05) .
8= Tya (=5 Pt Bz t B
1.2

= Tna 2@31_,35 + B0
Thi du, d6i vdi bac clorua thi:
-, = (105:04)-05 = 10-252
S, = 1,78.101% (2.105042 + 103%) = 3,19.10"7 mol/Z
7.3.3. Anh hiwong cia nhiét 46 dén d6 tan

Tich 6 tan chl bing hing sé & nhiét d6 xac dinh. Nhiét d¢ thay doi thi do tan cing
thay ddi. Sy thay déi cha dé tan theo nhiét 46 cd lién quan dén hiéu dng nhiét khi héa
tan. Ddi véi nhitng chat thu nhiét khi hda tan, tdc 12 nhiét gidm khi hoa tan thi d6 tan
6 tang theo nhiét d6. Thi dy, Pbl; tan rét nhigu khi dun ndng.

Khi lam nguoi dung dich mdi dun ndng thi Pbl, két tinh lai dudi dang nhitng tinh
thé dang vdy nhd mau vang rit dac trung. Do tan cua AgCl & 100°C lon gédp 25 lan do
tan ctia ng & 10°C. D&i véi nhitng chat téa nhiét khi hda tan thi d tan s& gidm khi téng
nhiét do. Thi dy, CaS0,.2H,0 ccé db tan thay d4i rdt it khi nhiét d4 bign thién trong
khodng 0 =+ 60°C. O 60°C phdn t& k&t tinh d6 mét bdt nudc két tinh thanh
CaSQ,.1/2H,0 nén cd d6 tan giam r6 rét khi tang nhiét do. D9 tan cia né & 60°C 1on
gdp 3 lan do tan & 100°C,

7.3.4. Anh huwing cia kich thudc hat két tda (6i d6 tan

D&i v6i cing mot lugng két taa, nd s& tan nhidu hon néu ton tai & dang hat nhd vi
két tia hat 16n va hoan chinh ¢6 tich s8 tan nhé hon tinh thé két tia dang hat nhé cd
nhidu géc va canh hon vi ion & gdc va canh dé tan hon nhing ion & chd khée, D& véi
mot lugng két tua la 0,1 gam khi dung kinh cdc hat gidm tit 0,1 mm xudng dén 0,01
mm thi chidu dai téng cong cia canh tang 100 1an va s6 gdc tang 1000 lan. Do do, trong
mot don vi thi gian tit mét don vi dién tich tinh thé bé tan nhizu hon tinh thé 1én.
Tinh thé nhd cd khsi luong nhé hon nén nd giit cdc ion khong chit bang tinh thé 1dn



CO SO HOA HOC PHAN TiCH 137

co khdi lugng 16n hon. Do dd, trong mét don vi thoi gian trén mét don vi thé tich lugng
ion két tia trén tinh th& bé nhé hon lugng ion két tia trén tinh thé 16n. K&t qua la két
tia cd kich thude hat nhé o6 tich s§ tan 16n hon két tua cd kich thudc hat lén.

Ngoai ra, cdon nhitng qua trinh khdc, ching han qua trinh chuyé€n tinh thé két tua
ti dang nay sang dang khac bén hon cd cdu tao vitng chac hon ciing anh hudng dén
tinh tan cia két tda. Thi du, Zn$ mdi hinh thanh ZnSy c6 tich 88 tan bang T, =
2,5.10°2%. nhung sau mot thdi gian nd ¢6 ciu truc hoan chinh hon va dugc chuyén thanh
dang anpha cd tich s6 tan nhé hon 7 = 1,6.10°24, nén cd dé tan nhé hon. Cdc sunfua
cia Co va Ni ciling vay, ching khéng duoce tao thanh tu dung dich mudi Ni va Co khi
¢g axit HCI lodng (pH = 1 + 2), nhung khi nang pH cao hon dé chung két tia thi sau
khi két tia, ching s& digc chuyén sang dang tinh thé hoan chinh, thay d8i cdu tao, trd
nén rit khe tan, chi tan trong HNO; dun ndng, chi khéng tan trong ci HCI dace, dun
néng.

7.4. Cong két va két tua theo

Trong hda phan tich nguoi ta thudng ding cdc phan dng két tua d€ tach mét ion
nao dd can phan tich hoace can tach khai hén hdp cda né voi cdac ion khac. Trong thuc
t& két tia cin tach dd thuong thu duge dudi dang khong hoan toan tinh khiét vi ¢ keém
theo tap chdt. Khi tap chdt cing dong thoi két tia voi két tia chinh thi ta goi hién
tuong do 1a sy cong két. Khi tap chat chi k&t ta sau khi két tua chinh da két tha, thi
goi dd 1a hién tugng két tia theo.

Cong két bé magt. DG 1a sy hdp phu céc tap chét trén b2 mat cita két tua. Nguyén
nhan cta sy hdp phu 1a nhitng ion va phan ti & trén ba mit két tia con cd kha nang
hut thém nhing ion hoac phan td "ty do” trong dung dich vi cac ion va phan tit & trén
be mat két tia con nhimg e lién két tu do. Hép phu ]a hién tuong thuan nghich, vi
nhing phan t& da bi hip phu cé thé tan trd lai dung dich, néi cach khac 6 thé duge
gial hdp. Khi tdc d6 hdp phu va gidi hap bing nhau thi can biang hdp phu duge thist
lap, lugng chit hdp phu khéong thay déi nita.

Cd nhigu yé&u t6 anh hudng dén can bang hap phu:

- Anh hudng cha dién tich bs mat. :

Lugng chat bi hdp phu ti 1¢ thuan véi dién tich ba mét cia két tha. Vi vay, tinh thé
cta két tua cang 16n thi lugng chét bj hap phu cang it.

- Anh huéng cta nbng ds.

Nong d¢ cang 16n thi hdp phu cang nhiéu tuy nhién téc do h4p phu cham hon su
ting nong do.

- Anh hudng cia nhiét d6.

Hap phu la qua trinh tda nhiét, nén nhist dé cang thap thi két tha hdp phu tap chat
cang nhidu,

- Anh hudng cia ban chit chat bi hdp phu.

Trong cung digu kién, déi voi mot két tia, cdc ion khac nhau bj hap phu khéc nhau
tity' thudc vao ban chit caa ching. Cic ion tao dugce vdi ion cia két tua hgp chét cang
it tan th bj hdp phu cang nhidu, do d6 chinh ion cla két tua bi hdp phu nhidu nhat.

Digu*kién két tua cting anh hudng dén sy hap phu. D&i v6i két taa v dinh hinh
nhu Fe(OH),, AOH), thi duge két tua tir dung dich lodng va nguéi. Nhung d6i voi cac
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két tia tinh thé kidu BaSO,, PbSO,, CaC,0, v.v... néu duge lam két tha cham tiu dung
dich loang va nong thi tinh thé thu dugce sé lén hon khi ta két tda nhanh ti dung dich
nguéi va dac. Khi d€ lau cac két tia tinh thé trong cac dieu kién thich hop thi két taa
s& cd kich thudc lén hon, hoan chinh hon, luong tap chat bi hdp phu it hon,

Cong két trong. Cd hai loai cong két trong la cong két do phan \ing giita két tia vai
thudc thu du va cong k&t dong hinh.

Thude loai cong két thd nhat la trudng hop két tha ion Zn* bang dung dich
K,Fe(CN),. Trong trudng hop nay ion K+ du sé cling vdi céc ion Zn-* tao thanh két tua
K,Zn;[Fe(CN)el2.Kha nang cung két tia nhu th€ cta jon kim loai kiem phu thuoc vao
kich thuéc va do bi hidrat héa ctia nd. lon cang nho va bi hidrat hda cang yé&u thi cang
dé nhap vao mang ludi tinh thé cva két taa. Mic do dé bi hidrat hda cda cdc ion kim
loai kigm tang theo chiéu:

Cs* < K* < Na‘* < Li*
vi vay ion Cs* dé bj cdng két hon ca.

Nguyén nhéan ciia cong két dong hinh la do két tua va tap chat 1a nhiing chat dong
hinh véi nhau, nghia la ching thuéc nhitng chit cd kha nang ké&t tinh cung trong mot
mang ludi tinh thé. Vi du, phén nhém khéng mau KAI(80,),.12H,0 dong hinh véi phéen
crom KCr(80,),.12H,0 cd mau tim, khi cho ching cing k&t tinh thi thu dugc nhing
tinh thé ¢ mau tim dam nhat tity theo ndong dd tuong déi ciia ching.

Théng thutng thi nhitng ion kim loai ¢d s6 phdi tri va ban kinh gan biang nhau dé
thay thé nhau trong mang luéi va khong lam gidm do ben cta mang ludi. Thi du RaZ*
(1, 25ﬁ) ¢6 ban kinh gan bing ban kinh cda Ba?* (1, 43A) vi the trong dung dich Bal*
tuy chi ed chida mot lugng rét nhé Ra?* nhung khi lam két tua BaSO, bang dung dich
axit sunfuric loang thi két tua RaSO, sé cung két tua voi BaSO,. Ion Ca?t (1, 05A) co
ban kinh nhd hon nén khong thé cing két tinh trong mot mang ludi.

Céng két co hoc

Nhitng tinh thé cta két tGa mdi hinh thanh thudng chua cd mang tinh thé hoan
chinh, nén thung c6 cac khe hd hoac ché tréng chia day nudc co nhidu tap chit. Ngoai
ra, nhitng tinh thé nhoé khi két hop vai nhau cing chia nhitng tap chat g giita. Cac hién
tugng do goi 12 cong két cd hoc.

Noi hdp

Trong qud trinh tinh thé lgn 1én cac tap chédt do ching mdi hdp phy khi méi hinh
thanh cé thé di vao bén trong nhiing tinh thé 16n. Hién tugng dd goi 1a ndi hap. Trong
trugng hop nay thy ty tron [dn thude thd dnh hudng dén sy hdp phu cua két tua. Thi
du khi thém dan dung dich H,80, vao dung dich BaCl, thi trong qua trinh tinh-thé
BaS0, ldn 1én, cic ion Ba?* con trong dung dich sé& hi hap phu va kéo theo ching céc
ion Cl . Ion 805 cua thudc thi sé ddy céc ion C1” da bi hdp phy, nhung mét luong
nao dé cia CI' vAn con bi hap phu. Nguge lai, n&u thém dan dung dich BaCl, vao dung
dich H,80, thi tinh th& BaSO, trong qua trinh 1on lén s8 hap phu cdc ion SO2 con du
va kéo theo cation c¢d trong dung dich.

Két tua theo

C6 nhitng ion chi cd thé két tia trén be mat két tha cia ion kh'ic khi dé lau két
tia d6 trong dung dich. Thi du, néu dem loc ngay CuS dugc két taa bang H,S5 tu dung
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dich mudi Cu(I]) c¢d 1in ion Zn2* thi duge CuS tinh khi&t. Nhung néu dé lau k&t tia
CuS trong dung dich thi két tia dd sé lan ZnS, vi ndéng do cha ion S% bi hdp phu trén
bé mat két tda tAng dan 1én ¢d thé lam két tda ZnS.

Cdch lam gidm c¢fng két

Nhu trén da thdy, cong két va két tua theo 1a nhitng nguyén nhan lam ban két tha.
Do dd, khi ti€n hanh k&t tia phai tim cach ngan ngia hodc han ch& cic nguyén nhan
do.

D& lam gidm céng két ngoai, cin 1am gidm dién tich b mat két tua, tic 1a tim didu
kién két tua d€ tao nén cdc tinh thé 16n. Qua trinh két tda gom hai giai doan: giai doan
tao mam tinh thé va giai doan mam tinh thé 16n dan lén. Mudn thu dude két tia cd
tinh thé l6n phai tao digu kién gidm s6 mam tinh thé. Nhu vay, trong qua trinh két tua
phai 1am sao gir dung dich & trang thai it qua bio hoa dé dung dich khéng thé cd nhidu
tinh thé dugc tao thanh trong cling mot lic. D€ cho dung dich it qua bio hoa thi:

- Dung dich chét dinh két tia va dung dich thuc thu phai kha loang.

- Can thém tit tit titng giot thudc thit vao dung dich chia ion can két tia, dac bist
khi bat dau ti€n hanh két tua.

- Can khudy déu dung dich trong qua trinh két tia d€ tranh hién tugng qué bao
hda titnhg chd,

- Lam tang d6 tan cta két tGa, vi d6 tan cang 16n thi myc dé qua bao hoa cang nho.

Thi dy, d& két tia ion Ca®* duéi dang két tua tinh thé CaC,0,, thi ngudi ta thudng
thém axit HNO, vao dung dich phan tich d€ lam tang d6 tan cua két tta trudc khi thém
thuéc thi 1a dung dich axit oxalic H,C,0,. Sau khi thém thudc thit vao dung dich phan
tich da duge dun ndng truée, ngudi ta thém dan ting giot dung dich NH, vao dong thoi
khudy déu hén hop dén khi pH caa dung dich 1a 5,5; 1am nhu vay thi két taa CaC,0,
s& két tua hoadn toan va tao nén nhing tinh th€ du 16n. Nhung di sao van con mét it
tinh thé cd kich thude rdt nho cd thé lot qua gidy loc, vi vay ngudi ta thudng d€ yeén
két tia trong dung dich qua mot dém, lam cho tinh th& nhé tan ra lai két tda vao tinh
thé 1dn lam ching c¢ kich thuéc tang lén nia. Qua trinh nay dugc goi 1a qua trinh lam
mudi két tha,

Su edng két phu thudc vao ban chit cta ion bi cong két, do dd, cd thé lam gidm sy
coéng két bang cich thay ddi ban chit cta ion. Chdng han khit ion Fe3* thanh ion Fel+
dé nd it cong két vai BaSO,, hoac dung chat tao phic d€ tao phitc nhim che ion bj cong
k&t,

Cong két 1a qué trinh thuan nghich, nén cd thé ria két tda nhidu lan bang dung
dich thich hop dé loai bt chat bi cong két.

D&i v6i trudng hop eong két trong, tap chat ndm trong long két tia, nén khong loai
dugc bang cach rita. Trong trugng hop nay ta nén két tua lai nhigu 1an, vi méi lan két
tua lai luong tap chit sé giam di. Thi du, d€ loai bat jon Mg?* cong két trong két tia
CaC,0,, ngudi ta hoa tan két tta dd trong dung dich HCI, sau 6 trung hda axit d& két
tua lai CaC,0, Sau méi lan két tia lai nong do ion Mg2* sé gidm di dang k& Néu két
tua lai vai lan thi thudng thu duoge két tua tinh khist,
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7.56. Két tia phin doan

Néu hai ion X va X, cung tao v6i ion M hai hop chat it tan cd tich =8 tan khac
nhau nhigu thi ta ¢6 thé& ti€n hanh két tha lan lugt tiing ion mobt.

Thi duy, cac anion CI” va I” eling tac vdi cation Ag* hai két tha it tan:

1™ + Ag* = Agl) Tpy = 8310717
Cl™ + Ag* = AgCl) Tpger = 1,78.10°10

Né&u trong dung dich cd di lugng ion Ag* d€ Agl va AgCl cung két tua, thi theo quy
luat tich s6 tan, ta cd thé viét:

[Ag*}{I7]
[Ag*][C17]

Chia (a) cho (b) sé& dugc:

[I7)/[C17] = 4,66.107 tuc la, khi trong dung dich ¢ ca hai két tia Agl va AgCl thi
ty 6 [17]/[C17] ludn luén bang 4,6.10°7.

Néu nong d6 Ag* trong dung dich chi du dé két tua Agl thi khi [I7] chua giam
xudng dén gia tri 4,66.107 [Cl~] thi AgCl chua két tua. Hay ndi cach khdc, khi AgCl
két tua thi Agl d4a k&t tua thuc t& hoan toan. Gia thiét nong dd ban dau caa Cl™ l6n
gip 100 1an néng d6 cia ™. Khi C1™ bat dau két tia, néng 46 I” da giam xudng con:

4,66.10"7 C, vi C, = 102 Cy, nén khi AgCl bat dau két tda thi nong d¢ I” da giam
xudng chi con:

8,3.10°17 (a)
1,78.10°10 (b)

4,66.107C,

100 = 0,0047 %C, -
10°2C¢,

titc 14 cd thé coi nhu ion I~ da két tua hoan toadn. Nhu vay, 1a ¢d thé lan lugt két tua
cac ion 17 va C1™ tit hén hgp cia ching bing ion Ag*. Sy lam ké&t tua hai ion bang mét
ion thd ba goi la sy ké&t tha phan doan.

Thi du: cho dung dich hén hgp ion C1I” ndng dd 0,1M va CrO%‘ néng d6 0,01M. Tinh
ndng d9 cha ion Cl” cdn lai trong dung dich khi thém dung dich Ag* vao hén hgp do
dén khi Ag,CrO, (mau dd niu) bat dau k&t tia. Bist cdc tich s6 tan Ty, = 1,78.10-19
va Tpycro, = 111012,

Theo quy luat tich s6 tan, khi ca AgCl va Ag,CrO, cung két tha thi:

[Ag*] [CIT] = 1,78.10°10 (a)
[Ag*]? [Cr03™] = 1,1.10'12 (b)
hoac [Ag) V{CrOI ] =V 1,1.10'12 = 10% ()
c17] 1,78.10°10 )
Chia (a) cho (¢), ta cd: = = 1,8.104

Vv Cr0%-] V1,1.10°12

Khi Ag,CrO, bt dau két tha, [CrOf~] = 0,01, nén [C17} = i,8.104.102 = 1,8.10°
mol/ titc 12 bang 0,018% ndng ¢d ban dau cia ClI”. Nhu viy cd thé két tia phan doan
Cl” va CrOj~ hay la ding jon CrO%~ 1am chét chi thi cho sy két tia hoan toan ion Cl~
bang ion Ag*.
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7.6. Két tia keo

Cd nhitng trudng hop khi tich s6 nong d6 cia cac ion tao k&t taa da vuot qua gia
tri cia tich s8 tan nhung két tia khong duge tao thanh va lang Xuéng ma tao thanh
mot dung dich nhitng hat nhé lo ling trong dung méi goi la dung dich keo.

IKhde véai cdc dung dich thuc, dung dich keo bi duc duéi anh sing phan chiéu, dac
biét khi quan sat cac dung dich keo trén mdt nén mau sAm. 8¢ di nhu vay, vi cac hat
keo cd kich thuéc 1on hon kich thuéc cac phan td dung mai rdt nhidu va cse hat keo do
cd kha niang phan tan cdc tia sang. Tuy vay, kich thudc cac hat keo vdn con nhd, nén
khi loc chiing cd thé lot qua gidy lgc. Nguyén nhan chat két taa tao thanh cac dung dich
keo ma khong tao thanh két tua 13 do cac hat keo tich dién. Thi du trong qu4 trinh két
tua AgCl, néu thém luong du dung dich AgNO; vao dung dich NaCl thi cdc hat AgCl s&
hdp phuy ion Ag*: (AgCl),Ag y*, cdc cation nay cung mang dién tich duong nén ddy nhau,
két tGa vi thé khong 16n 1én duge. Mudn két tia AgCl von lai ling xuéng, thi phai trung
hoa bdt dign tich dudng, bang cach thém vao chit dién ly thich hgp (thi du: thém dung
dich HNO, loang va dun ndng dung dich dé cac anion NOj3 trung hoa ecac dién tich
duong cia cic hat keo). Khi thém chit dién ly thich hop vao, cic hat keo s8 két hop lai
va két tha lang xuéng, hién tugng do goi 1a sy déng tu keo. Khi keo dong tu, dung dich
tid nén trong suét. :

Nhitng chit ua nuéc nhu silic oxit {5i0,) thudng cd khuynh huong tao nén cdc dung
dich keo vi cdc hat keo khong nhitng bén do mang dién tich cung ddu ma cdn bi bao boc
bdi mat 16p vé dung mai. Do dé, dung dich keo Si0, sau khi da dugc axit héa bang dung
dich HC1, phai duge dun dén can khé tham chi trong mét s truong hgp phai nung &
nhiét do cao trén 100°C thi 16p vé hidrat boc keo mai bj pha va.

Cing cd thé lam dang tu keo bang cach thém viao dung dich d¢ mot dung dich keo
khdc tich dién trai ddu, ching han dé lam déng tu keo H,5i0; 1a keo am, ngudi ta thém
gielatin vao vi nd 1a keo dugng.

Khi rita két tua keo, chat dién li dung lam chat déng tu keo bi loai bat mét phan,
két tda cd thé trd lai trang thai keo, hién tugng nay duge g0l 12 syt #4i keo hoic sy pepti
Niéa. DE tranh hién tuong nay khi ria cdac két tha keo ngusi ta thudng chon chat dién
li thich hgp d€ ria két tua.
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CHUONG 8

PHUONG PHAP CHUAN DO KET TUA

8.1. Nguyén tic chung cia phuong phéap

Phuong phap chudn do két tua dua trén viéc st dung cac phadn tng tao thanh cac
hgp chat khd tan (két tua). Cac phan ding két tia dugc st dung do phai thoa man cac
yéu cau sau:

- Két taa duge tao thanh trong phan ung chudn dé phai thuc t& khéng tan, tie la
phan dng phai hoan toan va theo mot ti lugng xdc dinh.

- Tée d6 tao thanh két tda phai da lon, tic 1a khong tao thanh dung dich qua bao
hoa.

- Phan 1ing phai chon loc, nghia la anh hudng cia cic qua trinh céng két, hdp phu,
két tua theo phai khong dang ké.

- Phai ¢ chat chi thj thich hgp dé xac dinh dugce diém tuong duong.

Tuy s6 lugng cde phan dng k&t tua rat nhisu nhung chung thudng khong théa min
Cac yéu ciu trén, nén da sé cac phan ving d¢ chi dugc dp dung trong phan tich dinh tinh
con rat it duge ap dung trong phan tich dinh lugng. Trong thue t& phan tich, ngudi ta
thudng chi st dung cac phuong phap chuin do két taa sau:

- Phuong phdp bae, trong do dung dung dich chudn AgNOQ; d€ chuin d6 c4c ion
halogenua Cl-, Br—, I~ va thioxianat SCN—.

Ag* + X7 = AgX)

Ngoai ra con dung phuong phap két tha tao thanh cdc mudi it tan cua Hg(I) nhu
Hg,Cl,, Hg,l, va phadn ing tao thanh két tua KZZn3{Fe(CN)ﬁ}2, Nhung & day chiing ta
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chi xét dén phuong phap bac 1a phuong phap chuidn d¢ két tia cd nhiéu Ung dung thue
tién nhat.

8.2 Phuong trinh duiing chuén dé cac halogenua
Gia st chudn do V, ml dung dich chita anion halogenua X~ néng d6 € (mol/l) bang

dung dich chuin AgNO, nong dd Cl(mol/l).
Phuong trinh phan dng chuin do:

Agt + X7 = AgX| (a)

Khi thém vao dung dich phan tich V ml dung dich chuidn dé (a) xay ra thi cac ion
Ag* va X~ ¢ ndng do can bang lién hé vdi nhau bang cac phuong trinh sau:

(Ag"IXT] = Tapx ey
C{)V(l
X))+ U =~ v (2)
4] +
cv
[Ag+] + U =V—-“—V (3
+

trong dd, U la s6 mol két tha ung vdi 1 lit dung dich.

Dat F = titc 12 phan lugng anion X~ da duge chudn do roi lay (3) trir di (2)
V,+V cv
va nhan hai vé clia phuong trinh nhan duge véi 5 » ta duoc:

CV -CV, V. +V
— Y = F-1=(Ag] X PD—— (8.1)

Cll":; C('IVI'I

T V.+V
AgX i

z] —_— = A 1 = "y
hoic F -1 ({ g*] [Ag+]) cv (8.1}

Cac phuong trinh (8.1) va (8.1) trén dung dé vé dudng dinh phéan tdc 1a dugng biéu
dién sy phu thude clia pAg (tic 14 —~log[Ag*'] hoac pX tic 1a —log{X~]) theo V hodc theo
F. Céac phuong trinh dd la phuong trinh bac 2 cua [Ag*] hoac [X~], nhung chiing sé dugc
don gian hda trong titng giai doan cua qua trinh chuan dé.

Trude va xa diém tuong duong, do két tha khd tan, {Ag*] rdt nho so vai X7 c6
thé coi nhu khéng dang k&, nén (8.1) duge don gian hda thanh:

V,o+V
F-1=—[X].->—o
C(\V(l
Tiox VotV
hogc F—1s= AgX
(Ag']  C.V,
T V, +V
[Agh) = & 8.

1 -F CJV

¢ 0
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Tai di€m tuong duong, tic 1a khi CV = CV, F=1,tacc:
Tagx _
[Ag"]

Sau va tuong d6i xa diém tuong duong khi lugng du Ag*, X~ rit nho, coi nhu khong
diang ké, ta cd:

[Ag'l = [X7] = (8.3)

vV, +V
F-1=[Ag]—"——
0o a
%
[Ag*] = (F —1) —=2-2 (8.4)
V. +V

R4t sat diém tuong duong ta khong bé qua duge [Ag*] hoic [X7], nén phai giai
phuong trinh (8.1) hoac (8.1%).

Thi du. Vé dudng dinh phan chuin dd 100 mi dung dich NaCl 0,1 M bang dung dich
chuidn AgNO,; 0,1M. :

Dé vé duong dinh phan trong thi du nay ta tinh pAg hoac pCl theo F.

Khi F = 0,999 ta 4p dung cong thic (8.2) d& tinh pAg va tit pAg tinh pCl.

-Khi F = 0,01 ta dung cong thic (8.4). O rat sat dim tuong duong néu muén tinh
ta diung cac cong thic (8.1) va (8.1%). .

Trén bang 8.1 1a cac gia tri da tinh dugc cha pAg, pCl va pl khi chuin dé6 cac dung
dich C17, I~ bang cde dung dich AgNOQ; cung ndng do. '

Bang 8.1. Chulin d% dung dick C17 va I biing cic dung djch AgNO.; ciing ndng d

F a” otM ™ w0M I 01 M
pQl pAg pCl PAg pI PAg

0,50 148 852 048 952 148 14,52
09 - 228 772 128 872 228 13,72
049 330 6,70 230 770 330 12,70
0999 430 570 330 6,70 430 1170
L000 500 500 5,00 500 8,00 800
101 6,70 330 770 230 2,70 330
L0 770 230 8,70 130 13,70 230
150 7.79 0,03 767 033 1567 033

8.3. DPudng dinh phan (xem hinh 8.1)

Ta thdy cdc dudng dinh phan cdc dung dich Cl— va I- bang dung dich chudn AgNO,
cung ndng do 13 cde dudng cd budc nhay (theo pAg) tai vung sat di€ém tuong duang va
dudng dinh phén d6i xting qua diém tuong dwong, Tai diém tugng duong néng 46 caa
cdc jon tao nén ké&t ta bing nhau. Nong do dung dich cang lén, tich s6 tan cta két tia
cang bé thi budc nhay pAg tai diém tuong duong cang l4n.
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pAg PAG
NaCl 1M Agzl
g4 15 1
71 NeCl r
aQrM
5! 0t Agctt
5«»
5L
f 1
03 / F o5 7 F

Hink 8.1. Pwirng dinh phén cic dung dich CI” va I' bling cic dung dich chufin AgNO, ciing nong do.
8.4. Sai s8 chudn do

Cing nhu trong phudng phdp trung hoa, d4€ tinh sai s6 chi thi ta st dung phuong
trinh dudng dinh phéan la tién lgi nhat.
Phudng trinh tdng quat dé€ tinh sai s chi thi la:

. B Vu +V
8 = FL, -1 = [Ag ]‘__ - [X ]()W (8.5)

L]

Phuong trinh dé ¢é thé duge don gian hda. Néu dung chét chi thi két thic chuin
do trude di€m tuong dudng thi:

V,+V Tpex Vo + V
S=F -1=-X]—7 =~ (8.6)
C(!V() [Ag+](. C(IV(I
Né&u két thae chudn dé sau diém tudgng duong thi:
V. +V
§=F -1=[Ag')c——— (8.7
C(!V()
Né&u két thuic chusn do 6 sat di€m tudng duong thi:
) T.r’\ X C + C
S=F -1= ([Ag'] - 5 - (8.8)
¢ (1Ag*] Ag]. c.c

Thidu I

Tinh sai 6 khi chuin dé dung dich C1~ 0,1 M bing dung dich chudn Ag* cling néng
d6 néu két thic chudn do khi pAg = 4,3. Ldy tich s6 tan cia AgCl )2 10-10,

K&t thuc chudn do khi pAg = 4,3 tic 1a khi [Ag*] = 5.10'5. Ap dung phuong trinh
(8.8), ta c6:

1071, 0,1+0,1
S =(5.10—5 -

5_10—5) 0,1.0,1

= 96.10%
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tiue 1a +0,1%
Thi du 2

Chudn d6 dung dich NaCl 0,1M bang dung dich chudn AgNO, 0,IM. Muén sai s6
chuan do khéng vugt qua 0,2% thi phai két thic chuan do trong khoang pAg nac? Cho
Tpgey = 10710,

Ta phai tinh pAg khi F — 1 = = 0,002,

Khi ¥ — 1 = —-0,002.

10710 0.1 + 0,1)
[Ag*). 0,1.0,1

Giai ra, ta duge [Ag*], = 1,0.10%, tic pAg = 6,0
Khi ¥ - 1 = 40,002

—0,002 = ([Ag*), -

10719 0,1 + 0,1
[Ag*], 0,1.0,1 )

+0,002 = ([Ag*], -

Giai ra, ta duge [Ag*], = 104, tic pAg = 4.

Viay, phai két thuc chudn d6 trong khodng pAg tit 4,0 d&n 6,0 thi sai s6 khong vugt
qua 0,2%.
8.5. Chudn dé hén hgp

Trong mét s6 truang hgp khi mét ion, thi du Ag*, tao dudc ké&t tua vai 2 hode 3 ion
khac ma hop chat kho tan duge tao thanh c6 tich s6 tan khic nhau nhigu thi cic kst
tua dd s& xuit hién lan lugt hodc ta noi ching két tia phan doan va ta cd thé tién hanh
chuén dé phan doan, thi du chuin dé hén hgp C1= + Br~ hoac Cl= + Br— + I— bang
dung dich chuin AgNO,.

Phuong trinh duéng dinh phan

Ta hay lap phuong trinh dudng dinh phan khi chudn d¢ V., ml dung dich hén hop 2
anion X~ ¢d ndng dé mol C,va Y™ cd ndng d6 mol la C’, bang dung dich chudn M*
nong do € theo céc phan ung:

X~ + M* = MX} (a)
Y- + M* = MY (b)
Sau khi thém vao V ml dung dich chudn, ta cd cac phuong trinh sau:

M*][X"] = Ty (1)
(’Y('I‘?{'.l
X+ U, = 3
X1+ U V,+V
C’('I %]
Y]+ Uy =—20 (4)
V,+V
cv
MY + Uy + Uy = (5)

V,+V
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trong dé Uy va Uy la s8 mol cla cac két tia MX va MY dng vai 1 lit dung dich.
L4y phuong trinh (5) trit di cdc phuong trinh (4) va (3), ta cd:
cv-cv -CV

[M+] _[X__] _[Y_] 0oa iy 0 {6)
V +V
{

cv V. +V

Dua F = vio bang cdch nhan ca hai v& vdi oyt ¢6 phuong trinh dudng
dinh phan: ° © 0’0
o, o S+ V

Fol=—"4(M]-[X]-[Y" ]) (8.9)

c, C.V

[ §]
M) Tyx Tyy V,+V (5.10)
( Ml [M*]) cCVv ‘

[4] 0D 0D
Phuong trinh (8.10) duge dung dé€ tinh sai sé chuin do:
' TMX TMY V,+V
M*], ~ IM*1/ CV,

o 04y

z

[)

hoic F-1=

=F —1=— +1. -
S=F -1 C+([M]C

(8.11)
Thi du

Chu&n do 100 ml dung dich hén hgp KBr 0,1 M + KC1 0,1 M bang dung dich chudn
AgNO, 0,1 M. Biét Ty ¢y = 10°10 va Tagne = 10-12 + 10-12:4,

a) Né&u k&t thiac chuin do khi pAg = 8,4 thi bao nhigu % lugng AgBr da duge chuan
do? :

b) Né&u két thic chudn 46 khi pAg = 8,7 thi sai s6 chudn d6 la bao nhiéu?

Vi TA&Br << TA . nén khi thém AgNO; vao thi AgBr sé k&t tua trude v4i Br dng
véi X~ va Cl~ dng vai Y~ trong cdc phuong trinh méi thiét lap ¢ trén day.

a) K&t thiuc chuén d6 khi pAg = 8,4 tic 1a [Ag*] = 1089, Ap dung phuong trinh
(8.10) ta ca:
0,1
0,1

10-124 10710 0,1 + 0,1

Fol= 10-84 ~ 10784/ 0,1.0,1

+ (10"3'4— = 1,45

—

tic 1a 145% lugng KBr dugc chufn do, nghia la lugng KBr thuc t& da duge chudn do
hoan toan va 45% lugng Cl™ da duge chudn do.

b) Ap dung cong thuc (8.11), ta cd: .

10124 10710 0,1+ 0,1
10787 10-3-?) 0,1.0,1

+ (10—8.4_ = -0,0004
#

tic 0,04%
8.6. Cac chit chi thi dung trong phuong phdp bac

Phudng phédp bac 1a phuong phdp chudn d¢ két tua dude st dung réng rdi nhét trong
cac phuong phap két tia. Trong phuong phap nay ngudi ta dung dung dich AgNO; lam
dung dich chuin dé€ dinh phan cac anion C1~, Br™, [7, SCN™. Trong phuong phéap bac
cé thé dung mot s6 cach dé€ xac dinh di€ém cudi.
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Phuong phap Mohr

Nha hda hoc Mohr d@ nghi sit dung dung dich CrOf~ lam chéat chi thi d€ x4c dinh
cdc anion Br~, C1~ bang dung dich chudn nitrat bac vi ion Ag* tao vdi anion CrOj~ mot
két tia mau dé nau. Két tiia nay cd do tan lon hon d6 tan cua AgCl va AgBr. Néu thém
vao dung dich phan tich mét it dung dich chda ion Cr(~ v6i néng do thich hop va
chuéin C1™ hodc Br~ bing dung dich chuin AgNO, thi AgCl hoac AgBr sé két tua trudc
va dén khi Ag,CrO, mau dd nau (dé gach) bat dau két taa thi AgCl va/hoac AgBr da
két tia hoan toan. Ta héy tinh ndng d¢ ion CrO3~ trong dung dich phai biing bao nhiéu
dé Ag,CrO, bat dau k&t tda tai diém tuong dugng khi chuin do €1~ bang dung dich
chudn Ag*. Vi Taper = 10719, nén tai di€m tuong duong [Ag*] = 10-5. Nong do CrO2-
phai bang:

TAngrO4
[Ag*)?

Nhung véi ndng d6 nay mau eta cromat qua dam, vi vay ngudi ta thutng ding nong
dé cromat la 0,006 M dé€ sy xuit hién mau dé gach duge rd rang. Phuong phap Mohr
duge dung d€ dinh phan Cl- va Br~ chud khéng diung dé dinh phan I~ va SCN~ vi véi
cac anion nay sy hdp thu x4y ra kha manh. Phuong phap Mohr duge dung d& chudn ds
¢ nhimg pH trong khoang 6,5 = 8,5 vi & nhimg pH thip hon néng dé ion cromat sé
giam do tao thanh ion HCrQj theo phan dng:

H* + CrOi_ == HCrO;
con ¢ nhitng pH cao thi 58 két tda Ag,0 kho tan mau den.

= 0,02 M

Phuong phip FaJans

Phuong phap nay con dugc goi la phuong phap chat chi thi hdp phu do nha héa hoe
ngudi Ba Lan dé nghi nam 1926. Theo FaJans mét s6 chat mau hitu co nhu fluorexein
hoac eosin khi bi hdp phu ¢ dang anion trén bd mat két tua tich dién duong s& bi bién
dang va thay ddi mau. Néu thém mét lugng nhé chat chi thi fluorexein vao dung dich
clorua can chudn do, thi trudc di€ém tuong duong do AgCl hdp phu ion Cl~ tich dién
am, nén cic hat két tda khéng hdp phu anion Find~ cta chit chi thi, Nhung ngay sau
diém tuong duong cac hat k&t tia AgCl sé hip thu cation Ag* tich dién dvong, do d¢
sé hdp phu anion cla chét chi thi, nd bi bién dang va d6i mau luc sang mau hdng. Chat
chi thi nay 1a mét axit hitu co y&u cg PK, = 8, nén pH ciia dung dich phan tich phai
I6n hon hay bang 6,5 € anion Find~ phéan li ra da lam ch&t chi thi d8i mau 16 rét,
Nhung pH cia dung dich phan tich khéng duge vugt qua 10 vi két tua Ag,0 mau den
hinh thanh sé ngan can viéc nhan ra diém cudi. Nsu thay fluorexein bing eosin
(tetrabromo- fluorexein) 14 axit manh hon fluorexein thi cd thé dung chat chi thi nay
(eosin) d€ chudn do bromua, jodua v thioxianat ai nhitng pH thdp hon (4+2). Tuy vay,
ta khong thé ding eosin lam chat chi thi d€ chusn dé ciurua vi anion ctia chit chi thi
nay cé thé ddy Cl~ bi hdp thu yéu hon ra <hdi két tua ngey khi con nhidu clorua trong
dung dich.

Khi dung cdc chadt chi thi hidp phu ndng do cac halogenua phai nam trong khoang
0,005 -+ 0,025 M vi néu dung dich phan iich lodang qua thi sy chuy&n mau cia chat chi
thi khong ré rang, cdn néu dung dich kha dac thi két tua bac halogenua d& vdn cuc 8
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gan diém tuong duong lam giam hiéu dng hdp phu gay khd khan cho viée chuyén mau
caa chdt chi thi.

Phuong phap Volhard

Nha hda hoc ngudi Ditc Jacob Volhard d& nghi ding dung dich chia ion Fe(liI) lam
chat chi thi d& chudn dé ion Ag* bang dung dich thioxianat SCN~. Khi chudn d9 hét
bae, ngay sau diém tuong ddong tgng du rat nho ion SCN™ cliia dung dich chuédn tao
véi ion Fed* mot phic mau dé mau FeSCNZ* Jam dung dich cd mau hong da cam trén
nén két tia trdng AgSCN. Uu diém cua phuong phdp la tién hanh chuin do dugce trong
méi trudng axit manh. Can méi trudng axit d€ chéng sy thiy phan cia ion Fel*. Phuang
phap duge 4p dung dé chudn d¢ nguoc 2 anion Cl~ va Br™. D& x4ac dinh C17, thém véo
dung dich phan tich lugng du dung dich chudn AgNO; da biét trudc néng d&. Loc bd két
tua AgCl rbi chuin do luong Ag* cdn lai bing dung dich chuén thioxianat vdi chi thi la
phen sat (I11). D€ dinh phan Br~, sau khi thém vao lugng du dung dich chudn AgNO;
ta khong can loc bo k&t tia AgBr vi do tan cia AgBr nho hon cia AgSCN nén cd dé
AgBr két tia ngay trong dung dich phén tich rdi chuin dé lugng ion Ag* bang dung
dich chudn SCN~ véi chét chi thi sat (III).
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CHUONG 9

CHAT OXI HOA - KHU - PHAN UNG TRAO DO
ELECTRON

9.1. Dinh nghia

Chét oxi hoa la chdt ¢6 kha nang nhan electron.
Chat khu 1a chdt c6 kha nang cho electron.

Mét chdt oxi hda sau khi d4 nhan electron sa trd thanh chat khi goi 14 chdt khy
lién hop v6i ne. Méi cap oxi hda - kht lign hop duoc bigu dién bing phuong trinh:
Ox + ne Kh (a)

trong dd, Ox 1a ch&t oxi héa; Kh 1a chat khi lién hop véi chat oxi hoa dd va n la s§
electron ma Ox nhan dé tré thank Kh. Sau day 1a mot s

thi du v& cap oxi hda — khi

lién hgp:
Nang oxi hdéa Dang khy
2¢ = ZIn®
Fe* + ¢ T——= Felt
2HY + 2¢ —== H,
Ci, + 2¢ —_— 2CI-
MnO; + 2e + 8H* ———— Mp2+ + 4H,0
Fe(CN)3~ + ¢ == Fe(CN)}-
AgCl + ¢ = Ag" + Cl-
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Electron khong tén tai ¢ trang thai tu do trong dung dich, do dé mot chét chi thé
hién tinh oxi hda (hay khi) khi cd mdt chat khit (hay oxi hda} cho (hay nhian) electron
cua ndg.

Phan tng trao ddi electron gifia cdc chat tham gia phan uUng goi 14 phan dUng oxi
hda - khu.

aOx, + bKh, > cKh, + dOx , (b)

Thi du, khi nhing mot thanh kém kim loai Zn vao dung dich dong sunfat CuSO, s&

xay ra phan wng oxi hda — khi giita cdc ion Cu®* va cdc nguyén ti Zn:
Zn® + Cu?* - Znt + Cu

Trong phan Ung d6, cic ion Cu?* nhan 2 electron cia cic nguyén ti Zn, ta ndi
nguyén ti Zn bi oxi héa thanh ion ZnZ* cdn ion Cu?* bi khit thanh nguyén ti dong Cu.
Phan dng oxi héa — khit d6 c6 tinh chit hda hoc.

Ching ta cd thé tién hanh mot thi nghiém dién hda d€ ching té ring trong phan
ing trén cd sy chuyén electron tif chat khit 14 kém kim loai sang chét oxi hda la ion
Cu2* d¢ cach xa kém, hay ndi mét edch khac 1a ¢é mot dong dién mét chigu tir chat oxi
hoa 1a ion Cu?* sang chit khi la nguyén tu kém.

Hink 9.1. H¢ dién héa oxi héa - khir Cu?*- Zn¥.

D& vao mét binh ¢ hai ngan cach nhau bing mot mang x8p (hinh 9.1) dung dich
ZnS0O, vao mét ngan va dung dich CuS0, vao ngin kia. Néng do cia hai dung dich bang
nhau. Nhung vao dung dich ZnS0, mét dién cue 12 kém kim loai va vao dung dich CuS0O,
mot dién cuc 1a ban dong kim loai. N&i hai cyc dd bang mdot day didn qua mot dién ké
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Chiéu quay cua kim dién k& ching t6 ring cd mot dong dién di tit cuc dong sang cuc
kém. Didu dd cd nghia 1a thé bén cyc dong 1on hon thé€ bén cyc kém va ¢d mot s6 dong
electron chuy&n tit cuc kém sang cuce dbng. Sau mét thii gian, kim dién ké trd vé vi tri
khong, trong hé khong cdn dong dién. Dem cac dung dich ra phan tich, thi thdy nong
d¢ dung dich ZnSO, tang lén, ndéng do dung dich CuS0, gidm di va cyc kém sing ra
con cuc dong duge phi bdi mot ldp dong kim leai. Didu dé chiing té ring nguyén ti Zn
6 cuc b} oxi hda thanh cation Zn2*, tan vao dung dich:

Zn® — 2e —= TZn?*
do dd, eyc kém bi mon di va sdng ra va cac ion Cu?* trong dung dich bi khi thanh Cu
nguyén ti bam vao cuc dd:

Cu?* + Ze —— Cu°

Chiéu cia dong dién trong thi nghiém trén ching t6 rang Cu?* la chét oxi hda trong

hé oxi hda — khit lién hgp Cu2+/Cu® cé thé cao hon nén da oxi héa kém kim loai 13 chat
khit ctia hé Zn?*/Zn" cd th& thap hon.

9.2. Cudng dd chat oxi héa va chit khi

Mot chidt cang dé nhan electron thi ¢d tinh oxi hda cang manh, nguge lai mét chat
nhudng electron cang dé thi cd tinh khit cang manh. Trong mot eap oxi hda — khi lign
hop néu ch4t oxi hda cang manh thi chat khit lién hop 1a chit khit cang yéu va ngudge
lai.

Dé€ so sanh cudng do cdc chit oxi hda va khi c6 thé lam thi nghiém dién hda nhu
trén, vi khi thé cda cap nay 16n hon thé cla cap kia, thi chat oxi hda cha cap dau manh
hon chit oxi hoa cla cap sau va nguoc lai, chit khit cia cdp sau manh hon chat khu
ctia cdp dau. Thi du, trong thi nghiém trén, vi thé cua cye déng lén hon thé€ cta cuc
kém, do dd ion Cu?* 1a chat oxi hda manh han ion Zn2*, con Zn 1a chat khi manh hon
Cu.

Nhu vay, th& clia mét cap oxi hda — khit lién hgp cd thé dung lam dai lugng do
cudng dd cia cap dd. D& tién so sanh thé cla cdc cdp oxi hda — khtt lién hop khéc nhau
ta phai do th& cta ching trong nhiing digu kién nhu nhau.

Thé& cia mot cap oxi héa — khit lién hop dugc xdc dinh bang phuong phiap Nernst.
D6i véi hé lien hop dan gian:

Ox + ne —= Kh

phucng trinh Nernst la;

RT Coy
In -

E=E°+ (9.1

nF i
trong dé: E la th& oxi hoa — khit (do bang von, V),
R 1a hang s6 khi (8,331 jun);

T la nhiét do tuyét d6i;
F 1a dién tich Faraday (96500 C):

n la s6 electron trao déi;



154 CHAT OXI HOA - KHU - PHAN UNG TRAO DOl ELECTRON

E® 1a gia tri etta E khi bi€u thdc sau logarit bang 1,
@y, VA ay, 12 hoat d) cua dang oxi héa va dang khit ctia hé lién hgp.

Néu thay R, F bang gia tri ctia chung, ddi logarit ty nhién sang logarit thiap phan
thi phudgng trinh Nernst ¢ 25°C cd dang:
0,059 2oy
E=E+ log (9.2)
n %Kn

Trong trudng hop téng quat, nfu mot hé oxi hda — khi lién hop duge bidu dién
bang phuong trinh:

aA +bBl +cC+ ... + ne ——mM + nN + . {c)

thi phudng trinh Nernst cé dang sau:

RT a’\ at...

E = E° +—— log —%

nF apy ayy.--

0,059 al ag...
hoace E=E"+ log (a4 25°C) (9.3)

n ap On-

trong dd¢ (phuong trinh (c)), B 1a chit rdn, hoat d% ciia nd duge cei bang 1, nén khong
cd mat trong phuong trinh Nernst.
Sau day la nhitng thi du vé mét s§ hé oxi hda — kh lién hop ddi vé6i mot s6 hé:

Fed* + ¢ Felt
. 0,059 QR A3t
E = EP3+ 2+ + 3 logfL 5T

Cu?* + 2¢ == Cu"|
. 0,059
E=E.2,0,% —g loga. 2+

MnO; + 8H* + Be — Mn?* + 4H,0

- 8
0.059 EMmno, AHT
H

E = E(]':/IHO_‘_‘H-F/MTIZ*— + og
4 5

L2+
Onn

Trong phuong trinh ctia hé¢ MnOj, H*/Mn2* khéng cd hoat d6 cta nude vi nude 1a
dung moi, hoat do cia nd la hang sd, nén duge dua vao dai lugng Ev.

Trong phuong trinh Nernst, dai lugng E°© 1a hang sé va duge goi 1a thé oxi hoa —
khi tiéu chudn, E° chi phu thudc vao ban chit cia hé oxi hda — khu lién hop chit khong
phu thudc vao hoat do cia dang oxi hda va dang khir cha cap. Vi vay, cd thé€ dya vao
dai lugng thé oxi hda — khi tiéu chudn EY clia cdc cap d€ so sinh cudng do cla chit
oxi hda va chit khir ecia cac cap.

Trong thuyc t& ta khéng thé xac dinh dugce gia tri tuyét déi thé cia mot cap oxi hoa
— khit lién hgp ma chi xdc dinh duge gia tri tudng déi cia nd so vai cap khac. Vi vay
dé so sanh th& cla céc cép oxi hda — khi lién hgp vdi nhau thi can phdi xdc dinh gia
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tr] tuong d6i thé cia cdc cap dd so vi thé clia mét cap oxi héa - khit lién hop duge quy
ude dung lam chudn cd gid tri thé bang khong.

Ngudi ta quy udc th€ oxi hda — khit tiéu chudn cta cap 2H*/H, bang khong, va dé
do the oxi hoa khi tiéu chudn cia cac cap khac ngudi ta da ché ra cuc hidro t,éu chuin.

Cuc hidro tiéu chudn 1a hé gom cd mét ban Pt phi mét 1dp mudi Pt tinh khist (dé
¢d thé hap phy lén 16p d6 khi H, dén bao hda) nhang vao dung dich axit HCI ¢ hoat
4% ion H* = 1 bao hoa khi hidro va 4p suit rieng phan ctia khi hidro 12 1 atm. Trén
hinh 9.2 12 mot cuc hidro tiéu chufin thuing duge st dung trong cdc phong thi nghiem
dé xac dinh thé tidu chudn cta cic cap oxi hoa khd lién hap.

Hink 9.3. H¢ dién héa gom cue Agt/AgY va
Hinh 9.2, Cye hidro tiéu chubin. cwe hidro tién chulin.

Dé xac dinh thé oxi hda — khu tidu chudn cua cap Ag*/Ag®, ngudi ta thiét lap mot
hé dién hda gom cuc hidro tiéu chuéin va cue bac 1a mot hé dién cyuc bac kim loai nhiing
vao dung dich muéi bac cd hoat do any = 1 mol/l. N6i hai cye bang mét cau muéi 1a
dung dich aga-aga bdo hda chit dién li la KNQO, d€ dan dién (hinh 9.3). Do thé hiéu cia
hai cuc dd duge gia tri 0,799 V. Vi th& cia cuc hidro tiéu chudn bang 0, nén thé cha cuc
bac 1a +0,799 V. Dau "+" chi rdng th& cha cap Ag*/Ag® 1dn hon thé cta cap ZH*/H,, vi
trong phan @ng ion Ag* oxi hda H, theo phuong trinh:

2Ag" + H, —/—= 2Ag® + 2H*
hidro tiéu chudn, hay ndi cach khac trong thi nghiém dién hda (hinh 9.4) electron di
chuyén tir bén phia cuc cadimi sang phia cuc hidro tiéu chuén, nghia la phan Gy xdl;,
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ra nhu sau:

2H* + Cd® = Cd?* + H,

[ | -0.403Y
r

. .
Cau mudr

Hinh 9.4. 11¢ dién héa gdm cue hidro tiéu chufin vi cre Cd24/Ce° .

9.3. Nhing yéu té anh hudng dén thé€ oxi — khi. Thé oxi héa khir tiéu chuin
diéu kién
Trong thuc t& ch4dt oxi hda va chit khu cia mét cap lién hop thudng tham gia vao
nhitng phan (ng khée, nhu phin dng axit - bazo, phan dng tao phuc, phan 1ing két taa.
Do d6, déi v6i cdc chit oxi hda - khit tidu chudn digu kién d€ dac trung cho cuting do
cua ching nadm trong nhitng didu kién cu thé.

9.3.1. Anh huéng cian dé axit

Khi ion H* tham gia vao qua trinh oxi hda — khi va qui ude thé oxi hda — khit
tiéu chudn la thé& xac dinh trong didu kién ti s6 hoat dé dang oxi hoda va dang khir bang
1, thi thé oxi hda — khi tiéu chudn phu thuéc vao pH cia dung dich.

The tidu chuan E® ghi trong cac tai liéu chuyén khdo thuong la th& duge xac dinh
khi hoat dé H* bang 1 mol/ tic 1a khi pH = 0. T E° d6 ¢6 thé suy ra thé tiéu chudn
0 cdc pH khac, goi 1a thé tiéu chudn didu kién E’ .

Thi du. Tinh thé& oxi héa ~ khit tiéu chudn diéu kién cua cap ASO_}‘,’ASO%_ trong
mbi truong hidre cacbonat, nghia la trong dung dich ¢ pH = 8,0, biét thé tidu chuin
cua cdp d¢ E® trong dung dich ¢d pH = 01a +0,57 V.

Déi vdi cap oxi hda — khit nay, ¢d thé€ xay ra phan ving:

AsO3~ + 2H* + 2e === AsO}~ + H,0

Thé& oxi héa — khi cua cip tuan theo phuong trinh:
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0,059 ) 0,059 a

logaZ+ + . log 2304

a
As(ry

E=E+

D& don gian hda tit nay trong phuang trinh Nernst ta thay hoat d¢ bing nong do,
vay:
0,059 0,059 [AsO}™]

E=E"+ log [H*)? + —— log —2_
= [AsO}"]

Thé tiéu chudn digu kién, khi pH = 8 14 thé khi:
ASOj;’_ = AsO}~ va [H*] = 108
0,059 0,059
E,=E+——5log(107%2 = 0,57+ 5 (-8x2)=+010V
Nhu vay, khi pH cang tang thi thé tiéu chuan cang gidm, nghia la kha nang oxi hoa
ctia AsO}~ giam khi pH tang, con kha nang khi cha AsO}~ lai tang cung véi pH cda
dung dich. Chinh vi thé&, nén khi pH = 0, thi E, =+ 0,57V, do d6 ion AsO}~ cd thé oxi
héa duge I~ 1én I, vi thé tiéu chudn cia cap 1,/I7 nho hon, bing +0,54 V.
AsO}™ + 217 + 2H* = AsO}~ + I, + H,0
Nhung trong dung dich NaHCO, pH = 8, thi [, lai oxi hda duge AsO3~ len AsOF—,
vi, nhu trén da tinh, tai pH d6 thé tidu chudn didu kién cua cap AsO}"fAsO%* giam di
chi con bang 0,11 V:

AsOf” + 1, + H,0 = AsO}~ + 21~ + 2H*
9.3.2. Anh hieéng ciu phdn ing tyo phitc

Khi dang oxi hda hoac dang khi cua mot cap lién hop tham gia vao phan dng tao
phie, thi cudng 46 oxi hda ~ khi ctia chung elng thay d8i. Chiing ta hiy xét cac thi
du sau, '

Thi du 1.

Tinh th& oxi héa — kh tiéu chuin didu kién cia cap Fe(IID)/Fe(1D) trong didu kién
khi dung dich cé du florua F~ d€ tao phie FeF{~ c6 hing s6 bén téng cong B, . = 1016
Thé tiéu chudn cia cap Fe3*/Fe2+ khi khong 6 sy tao phic bing E° = +0,77V.

Déi v6i hé nay, e kha nang xay ra hai phan dng:

Fe?* —¢ —= Fe¥* (a)
Fe'* + 6F~ === FeF}~ (b)

Céng (a) va (b) véi nhau:
Fe + 6F~ — ¢ == FeF}~ (c)

Trong thuc t& Fe* tao phie voi F- theo nhigu ndc, nhung néu trong dung dich cd
lugng du ion florua F-, thi sit chi y&u tan tai dudi dang phic cd s8 phéi tri cao nhit
FeF¢~, FeFy, v.v... '

Thé oxi hda — khi cta cap Fe(IlI}/Fe(Il) khi e mit luong du ion F- la:

0,059 [FeF}]

E = E’(] -+ lng S = ]_
1 [Fe?*] [F—¢
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trong do, E' la th€ oxy hda - khit tiéu chudn didu kién.

| \ [FeF3"]
Theo phuong trinh trén thi E°, = E  khi -—+—— =
[FeZ*}[F~1¢
B g[Fe**]F 18 [FeF;"]
Tic 1a khi: ~”’——} =1 vi ———— =p
[Fe=*](F~]" [Fe**]IF7]° '
[Fe3*] 1
Tuc la E’, = E khi: — =
[Fe<*]  Big
Fe3+]
Do do: E' =E_+ 0,059 log
¥ o 2+
[Fe<]
1
E' = E, + 0,059 log
1.6
1
E’, = 0,77 + 0,069 log — = ~0,16 V
1019

Nhu vay, trong diéu kién khi méi truong cé du florua dé tao phic kha bén vdi ion
Fe3* thi kha ning oxi hda cta Fe(IIl) giam di, con kha ning khi cta Fe2* lai tang lén.

Thi du 2

Tinh thé& oxi hda — khi tiéu chuidn didu kién cia cap Co(IlI)/Co(ll) treng dung dich
¢6 du lugng amoniac d€ tao phic Co(NH )2+ ed Bl = 10352 va Co(NH,)Z* cd B!, =
1044 Thé& oxi héa — khu tiéu chuidn cia cap Cot/Col* khi khong cd sy tao phie 1a E©
= +1,84 V.

Néu khong cé sy tao phiic, thé cta cdp Co?* + ¢ == Co?* dugc xac dinh bang

, [Co’t
phuong trinh: £ = E¢ 3+, .2+ + 0,0SQlogﬁ véi EQ 3+ 02+ = +1,84V

Nhung trong dung dich ¢é du NH, d€ tac phic vdi hai dang cua cap:
Co(NH,)}* + e == Co(NH,)Z*
thi th& cta cap nay duge xac dinh bang phuong trinh:

[Co(NH,)3]
E = E’, + 0,059 log—z’;
[Co(NH,)2*] .
) [Co(NH,;);™]
Vi E’°, 1a th& oxi héa — khit tiéu chudn didu kién la th& khi ti s —————=— =
1 [Co(NHy)5*]
Phéi hgp bi€u thic d¢ vdi cac biéu thdc cda cdc hang s6 bén cua hai dang phuc:
gl = [Co(NH)"T  _ 10352
Y [Co3t) N,
2+
_ [Co(NH,): 7] _ ot

1.6 —

[Co?*] [NH,}°
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[Co3+] ﬁl]!() 1044
ta suy ra: = — =
TR
I
Vay E’ = E° + 0,059 log I;l‘
ﬁl,()

= +1,84 + 0,059 log 10308 = 1005V

Trong méi trudng cd du NI, d& tao phite rat bén vai ion Co3* va phic kém ben voi
ion Co?*, thi kha nang oxi hoa ciia Co(III) giam di trong khi do kha nang khi cua Co(II)
tang lén.

9.3.3. Anh hudng ciia phdn d#ng két thia

Cing giéng nhu trudng hop trén, phan dng két taa cling lam thay déi kha nang oxi
hda — khi ciia cdc chdt.

Thi du: Tinh th& oxi hda — kht tiéu chudn didu kién cta cap Cu(Il)/Cu(D) khi ¢d du
anion [~ d€ tao k&t tha Cul véi ion Cu*, Cul ¢d tich s6 tan Tea = 10712, Thé tidu chuéin
ca cap Cu?*/Cu* khi khong tao két tta Cul la +0,17 V.

Khi khéng cd két tda Cul thi th& oxi hda - khit cia hé:

Cu?* + ¢ == Cu*
Cuy2+
duge xdc dinh bang phuong trinh: E = £9 + 0,059 log

véi E9= +0,17 V.
[Cu’]
Khi c¢d du I~ d€ tao k&t tia Cul vai ion Cu*, thi ths cua hé:
Cu?t + ¢ + [~ == Cul}

duge xac dinh theo phudng trinh E = E’ + 0,059 log [Cu?*](I7] trong dd E’, 14 thé E
khi :
; [Cu?*] 1
Cu?t = fc 1a khi ——s = =—— -
[Cu*][T] = 1, tdc ]A khi o'l =T, do dé
E', = E° + 0,059 log (1/T,) = 0,17 — 0,05910g1012 = +0,86V

Nhu vay, khi ed mat jodua thi kha nang oxi hda cta ion Cu2* tang lén nhigu.

9.4. Bang oxi héa - khir tiéu chusdn va thé oxi héa - khit tidu chusin ditu kién
cua mot sd cap oxi héa - khit lién hgp

Phin nyg traa doi clectron cia hé FEY hode £ W (V)
At +e == Ag +0799
AgBr +¢ =2 Ag +Br” . + 0071 |
AgONY; +e ==Ag +2CN~ - 029
AgyC0y +2¢ == 2Ag +CO%™ +046
AgCl +¢ == Ag + Q17 +0224
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Phan g trao d6i cleetron cla hé EY hode £ (V)
Ag,CrO, +2¢ === 2Ag +CrOf~ + 0447
AgNHyT +e¢ == Ag +2NH,4 +0373
APY +3¢ == AP \ — 166
AIG, +21L,0 +3¢ == Al +40H"~ - 235
Al}™ +3¢ === Al +6F - 207
ARt +3¢ == A + 1350
AuCE, +3e == Au +4CI~ +099
AWCN); +¢ == Au + 20N~ — 041
Balt +2¢ == Ka® ~ 290
Bt 120 ——= R - 185
BIO" +2HY 43¢ —=Bi® +I11,0 +032
BIC +3¢ —= B®+4Q7 +0,16
Br2 + 2¢ — 2Be™ + 1087
2BrO™ + 21,0 +2¢ === Bry +40H" + 0,45
BrO; +5HY +4e /= HBrO +2H,0 + 143
2BrC] + 12H* + 10¢ == Br, +6H,0 + 152
BrO; +61% +6¢ === Br~ +3l,0 4 145
CO, +211* +2¢ ==  HCOOH - 020
2C0O, +2H" +2¢ == H,C,0, ~ 049
Ca?t +2¢ == Cu° _ - 287
Cd* +2e == d — 0402
Cd(NH)2~ +2¢ === (d +4NH, — 061
CdS +2¢ === Cd +$% — L7
Cedt $ % === ° ~ 233
Ceqso2™ +e === > +350;~ + 144
O, +2 /= 201~ +136
Q0™ +2H,0 +2¢ ==C" +20H + (188
Qo5 +6H +6e == CI7 +3H,0 + 145
CIO; +2H* +2¢ — Q0Oy +H,0 +119
ClI0; +8HY +8¢ == CI” +4l,0 +138
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Phin dng trac dGi electron ciia hé

E, hodc £, (V)

CoPt +e = Co?t

= + 184
Cott +2e = (o - 028
Co(OH), +2¢ == Co +20iI’ - 073
Co(OH); +¢ == Co(OH), + Ot +0,17
3 ve = Cr2t - 041
Cot w3 o= - 074
Crét 20— " - 091
CrO5~ +2H,0 +3¢ —= O +40H" - 12
Cry087 + WH* + 6 == 200 + 70,0 +133
sF e = (W0 - 2914
Cult 420 —— Cu° +0337
Cul* ¢ == cCu* +0,153
Cul +¢ —— " +1” - 0,185 ]
CUCN)] +e === Cu® +2CN~ -043
CuNH )Y +2¢ = CU” +4NH, -0,07
Fy, +2¢ —= 2F +287
Fedt 4o == pe?* +0771
Fe?t +3¢ == Fc* - 0,036
Fe2* +2¢ == Fe® - 0440
Fe(CN)? ™ +¢ == Fe(CNy3~ +0356
Fe(Oll); +e == Fe(OI},0H™ ~ 0,56
S +2¢ === Fe +§ - 095
201" +2e == H, 0000
200 +2¢ == H, +20H" - 0828
H,0, +2H" +2¢ === 2H,0 + 177
Hg®* +2¢ —= Hy + 085
Hegt +2e == Ilg +0,792
11g,Cly +2¢ ==21Hg +2CI~ +0.268
Hy,l, +2e === 2ilg +2r - 0,04

———

L +2 = 2I”

+ 0536
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Phan dmg trac d¢8i clectron cia hé

EY hode B, (V)

Iy +2, — 31-

f— + 0,545
A0 +2e == 1, +2017 + 119
2ICE +2e == 21, +4C17 + 106
2HIO +2H" 42 — 1, +2H,0 + 143
107 +5HY +4e = HIO +2H,0 + 1,14
107 + 2H* + e == 1, +6H,0 + 1,19
107 +6H" +6¢ —= 17 +3H0 + 108
K* +¢ ==K - 2925
Lit +¢ — Li - 303
Mget +2¢ === Mg - 237
Mn?t +e¢ —— Mn?* + 151
Mn?t +2¢ == Mn -
MnO, +4H* +2¢ == Mn®* +2H,0 + 126
MnO;~ + 411" +2e == MnO, +2H,0 +226
MnO +4H* +3¢ == Mn0O,; +2H,0 + 169
MO +2H,0 +3¢ == Mn0O, +40H~ + 0,60
MnO; +8H* +5¢ == Mn®* +4H,0 + 151
IINO, +H*Y +e¢ == NO+I,0 + (199
2HINO, +6HY +e == N, +4I1,0 + 144
NOJ +2H +¢ === NO, +H,0 +080
INO; +4HT +3e == NO +2I1,0 + 096
NOJ +6H,0 +8¢ 2= NIl; + 90H’ - 0,12
Ni2* +2¢ === Ni - 023
Ni(NH;)2* +2¢ == Ni + 6Nl - 049
0, +41Y +4e = 21,0 + 1229
0, +4H (10°77) +de == 2H,0 +0815
0, +21,0 +4¢ —= 40II~ + 0401
1,0, +2H% +2¢ = 2H,0 + 177
0y +2H* +2¢ == 0, +11,0 +207
Oy +15,0 +2¢ === O, + 2011~ + 124
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Phiin Gy trao dbi efectron ca hé E® hodic £ (V)

P2t +2¢ — P - 0,126

POO, +4H* +2¢ == ph* +211,0 + 1455

PbO, +4HY +80f™ +2¢ = PbSO, +211,0 + 168

Pt +2¢ = pi ' +12

PICIZ™ +2¢ —= P03~ 420" +0.72

Rb* +¢ —= Rb - 293 |
S 420 —— §2 - 048

S +2H* +2 2= 11,8 + 0,14

S;0F7 +2¢ == 25,04~ +009

SO{™ +4I1* +2¢ == SO, +2H,0 +0,17

SOF~ +8HY 4+6¢ == 5 +4H,0 . + 036

S,087 +2¢ == 280}~ +20

$n?* +2¢ —= sn ~ 0,14

S0t 42 = sp2t +0,15

So(Ole™ +2¢ == HSn()Z_ +30H™ + H,O - 093

HSNOS +H,0 +2¢ == Sn + 3011 — 091 |

SeZY 4 2e o= 5 289

0¥t 42 —~ 7 - 07628

Zn0f~ +2H,0 +2¢ == Zn + 4011~ 2216

9.5. Thé oxi héa — khit caa dung dich chit oxi héa va chét khir lién hgp

Th& oxi hda — khit cta hén hgp mét cip oxi héa —~ khu lién hgp, ching han
Fe3*/Fel*, Ce#*/Ce™* thay d&i r4t it khi thém vao hén hop d6 lugng nhé chat oxi hda
hodc chat khit khae, Vi vay, dung dich loai nay thuding duge goi la dung dich dem thé,
tuong ty nhu goi dung dich cia cap axit bazd lién hop 1a dung dich dém pH.

Thi du
Tinh th€ oxi héa — khir cla dung dich hén hgp Fe3+ IM + Fe2+ IM.
[Fe3+
E =E"+ 0,059 log ——— = 0,77V (=E®)
[Fe*]
Né&u thém vao 1 lit dung dich hén hgp d6 0,1 mol Ce** va axit sunfuric dé XAy ra
phan dng:
Ce** + Felt = Ce3+ + Fed+
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thi nong do Fe?* giam di con ndng d¢ Fe’* tang lén:
Fedt =1 + 0,1 = 1,1 mol/i
Fe?* = 1 - 0,1 = 0,9 mol/!

va thé cia dung dich sé& la:

1,10
E = 0,77 + 0,059 log = 40,785
0

¥

Nhu viy, thé cda dung dich chi tang 0,015 V khi nong do ctia Fe3* va Fel* thay ddi
kha nhiéu.

9.6. Thé oxi héa - khit cia dung dich chit oxi héa va chit kha khong lién hgp

Gia s cé hén hop gbm chat oxi hda Ox| cia cap lién hop Ox,/Kh, va chédt khi Kh,
clla mét cap lién hop khae Ox,/Kh, ta cd:

Ox, + be == Kh (1)

Kh, + ae Ox, (2)

Nhan (1) vai @ va (2) véi b, rdi cong lai thi ta dugc phuong trinh phan dng gilta
Ox, va Khy:

——

aOx, + 6Kh, = aKh, + b0x, (M
N&u biét néng do ban diu cia cdc chat dd va gia thiét phan dng xay ra hoan toan,
thi ta c6 thé tinh duge thé oxi hda — khi cia dung dich.
Phudng trinh Nernst d6i vi hé thu nhét:
0,059 [Ox,]

E=Ej+—— log (4)

(Kh,]

Phuong trinh Nernst ciia hé thit hai:
0,059  [Ox,)
E=E§+ log
[Kh,]

Sau khi phan ing x4y ra, trong dung dich cé mat c4 bdn chdt Kh,, Ox,, Ox, va Kh,
nén thé oxi hoa — khif cia dung dich théa mén ci hai phuong trinh (4) va (5) va ta cd
thé tinh duge th& ciia dung dich bing mot trong hai phuong trinh d¢. Ta diing phuong
trinh nao 1a tay thude vao vi¢c ta tinh duge nbng 46 cin bang clia dang Ox va ¥k cia
cdp nao trong hai cap dé. Digu nay tay thudc vao ndng do ban dau cua cac chit da cho.
Ta xét vai thi du.

Thi du 1

Trudng hgp chit Ox, du so voi chat khi Kh, (hoac ndng do duong ltgng clia Ox,
1ém hon ndng do duong lugng cia Khy)

Tinh th& oxi héa — khit cia dung dich hén hap [Cet*] = 1,1.10'1M va [Fe?*] = 10-'M.

Biét cac thé tidu chudn cia hai cap Ega+,c3+ = 1,65 V va ER 3+ g2t = +0,7T7V.

Ta bist Ce?* oxi héa Fe* hoan toan theo phuong trinh phan ung:

Ce'* + Felt = Ce3* + Fe?t

(5)
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Theo phuong trinh phan dng, ta luén co:

[Ce®) = [Fe?*) (a)

Phuong trinh d6 12 phuong trinh bidu dién su bao toan electron. Dat N la =6
Avogadro, thi N[Ce*] chinh 1a s6 electron ma Ce** nhan khi tham gia phan Wng va
N[Fe**] la s6 electron ma Fe2* nhudng khi tham gia phan dng, s6 electron trao ddi d¢
bang nhau:

N[Ce®] = N[Fe?"], nén [Ce3*] = [Fe3*)
Ta ludn cd: [Ce**] + [Ce*] = 1,1.10°! (b)
[Fe?t] + [Fe’t] = 10°! (c)

Vi phan dng thuc t& xay ra hoan toan va néng d¢ duong lugng cia Ce*t 1dn hon
Fe2*, nén trong phan Ung thuc t& toan bd Fe2* da bi oxi héa lén Fe3*, tuc la co thé coi
[Fe3+] = [Ce3*] = 101,

Thay gia tri néng d¢ Ce* vao (b), ta tinh duge:

[Ce*] = 1,1.10°! - 10! = 0,1.10°! = 102

Tir dd ta tinh duge thé cia dung dich dya vae phuong trinh Nernst cia cap Cett/Ce’t;
102

E = 1,65 + 0,059 log

=156V
10!
Thi du 2

Truting hop chédt Ox, thidu so véi chat Kh, tic la ndng d6 dudng lugng cta Ox, <«
Kh,. Tinh th& oxi hda - khi cda dung dich hén hap Ce* 9.102 M + Fel* 10-! M.
Ta co: [Fe?t] + [Fe?*} = 0,1
[Fe?*] = [Ce®*] (bdo toan electron)
[Ce**] + [Ce>] = 0,09
Vi Ce* ¢6 ndng do mol nhé hon cia Fe2* (tic 1a thisu Ce?*) ma phén \ing xay ra
hoan toan nén cd thé coi thuc t& toan bé Ced* bi khit thanh Ce3*, titce 14 cd thé coi [Ced*)
= 0,09 = [Fe3*]. Do d¢:
[Fe?*] = 0,1 — 0,09 = 0,01.
Thé cta dung dich bang:
0,09

0,01

E = 0,77 + 0,059 log

= 0,8V
Thi du 3.

Trudng hgp ndng dé duong lugng cua hai chat bang nhau. Tinh th& oxi héa — khu
cua dung dich hén hop Fe?* 0,IM + Ced+ 0,1M.
Trudng hop nay khi phan tng hoan toan thi {Fe?*] va [Ce**] rat nhé, nén khd xde
dinh. Ta tinh theo phuong trinh Nernst cta ca hai he:
[Cet] + [Fe?*] = [Ce®*] + [Fe3*)
Déi véi trudng hgp nay, ta luon cg:

[Fe¥*] = [Ce**] (Phuong trinh bio toan electron)
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[Ce3*] + [Ce**] = 0,1
[Fe¥*] + [Fe?*] = 0,1

[Ce**] = 0,1 — [Ce3*] = 0,1 ~ [Fe?*]
[Fe?*] = 0,1 — [Fe?*]
Do dd: [Fe2t] = [Ce**]

Phuong trinh tinh thé& cia dung dich:
0,059 [Fe3*)

E =077+ log
1 [Fe?*]
0,059 [Cett]
E =155+ log
1 [Ce3*]
0,059 [Cet*} [Felt]
2E = 0,77 + 1,55 + lo

1 g [Ce3*][Fe?*]

Nhu trén ta da tinh la: {Ce3*] + [Fe3*] va (Ce'*] = [Fe?*] nén thuong s6 sau logarit
bang 1 va vi logl = 0, nén: '

1
E =—— (0,77 + 1,55) = 1,16V
2

Do d6, ta thdy khi ndng do duong lugng cla chit oxi hda va ch&t khu bang nhau
thi th& oxi hda — khi cua dung dich khéng phu thudc vao nong dé va duge xdc dinh
bang thé& oxi hda — khit tiéu chudn ci: " ai cap lién hgp.

Pisu d6 dung cho moi trudng hgp khi hé s6 cia cac chit trong cdc ban phan ung
ctia cap lién hop déu bang nhau.

Thi du, d6i v&i phan ing:

MnO; + 5Fe?* + 8H* == Mn2* + 5Fe’* + 4H,0
MnOj; + 5e + 8H* —— Mn?* + 4H,0 {a)
Fe®* (b
Khi néng d6 duong luong ciia MnOj va cha Felt bing nhau, thi lic k&t thic phan

Fe’' + e pe—
Ung ta cd:

Fe3* = 5[Mn?*] (bao toan electron)

Fe?* = 5[MnOj] (suy ra tif cac phuong trinh bao toan khéi lugng)
[MnO;] [Fe**]®
[Mn2+] [Fez+]5
dich. Khi pH = 0, tic 1a [H*] = 1, thi bi€u thdc sau logarit bing 1, ta cd cong thic
tinh E trong trudng hop tong quét:

aOx, + bKh, = aKh; + 40x,
khi nong 4o duong lugng cia Ox, va Kh, bing nhay, la:
aEQ, + bE

X

= 1 va th& E chi cdn phu thuéc vao pH cua dung

nén ti s8 sau logarit:

E =
a + b
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Thi du: voi hon hgp MnOj7 0,02M + Fe<* 0,1M {(ciing cd ndng dé duong lugng la
0,1N) thi thé cta dung dich hén hgp khi cé pH = 0 la:

0,77 + 5 x 1,51
—_—  =1,387V
6

Néu trong phuong trinh ctia nita phan @ng hé s6 cua chit oxi hoa va khu lien hop
khdc nhau thi th& oxi hda — khii ctia hén hgp sé phu thuge vao néng do.

Thi du: Tinh th& oxi héa — khit ct.a hén hdp Cr,03~ va Fe?* c6 nbng dé duong lugng
bing nhau va pH clia dung dich bing 0.
Cr,04~ + 6Fe?* + 14H* = 2Cr* + 6Fe’ + TH,O
Cédc phuong trinh bao toan khéi lugng cliia crom va sét la:
' 8[Cr,037] + 3[Cr?*] =n

[Fe*] + [Fe?*] =n

(1
trong do n 14 ndéng d6 duong lugng caa CrZO%_ va Fe?*

(2)
Phuong trinh bao toan electron cda phén tng:
(Fe™*] = 3[Cr**] (3)
Goi E 1a th& oxi hda — khi cia dung dich, thi E chung cho ci hai cap:
0,059 [Cr,027]fH ]
E =136 + lo (4)
6 - [Cri+]2
Fed+
E = 0,77 + 0,059 log (5)
[Fe?*]
Nhan (4) véi 6 rodi cong vdi phuong trinh (5), ta cd:
[Cr,027][H*] ¥ [Fe]
7E = 1,36 x 6 + 0,77 + 0,059 log = (6)
[Cr3+]2 [F92+]
T (1), (2) va (3), suy ra:

[Fe?*] = 6[Cr,0%7)
Tu (3) va (7), thay: [Cr3*] = 1/3[Fe3*)

(7
[Cr,0%7] = 1/6[Fe?’]
vao biéu thuc sau logarit cia phudng trinh (6), ta cd:

[Cr,027] [H*]"*[Fe?*]  [Fe2*|[Fed*][H]'  3[H*]'
[Cr?*]? [Fel*] )

o 3472 2+ - 3+
P [Fe’*]“[Fe<") 2[Fe’"]
Vi phan dng giita Cr,0%~ va FeZ* x4y ra hoan toan, nén khi can bang thi Fe?* = n.
' 1,36.6 + 0,77 0,059 3[H+]14
Do dg: E = + log
7 7 2[Fe?*)

0,059
1,276 + 0,118 log [H*] +

log (1,5.n)
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Nhitng cong thic trén day chi 4p dung cho nhiing trugng hgp phan dng gitta chat
oxi hda va chdt khi xay ra hoan toan, tidc 1a hang s6 cdn bang cia phan dng phai da
ldn.

9.7. Hang s0 can bing cia phan dng oxi héa - khu

Gia s@ ¢ phan dng giita ch4t Ox, va Kh; theo phuong trinh sau:

aOx, + bKh, == aKh, + 50x,

Hang s6 can bang cta phan dng 46 la:

[Kh]? [Ox,]"
[Ox,]* (Kh,]®

(9.4)

Chat oxi hda Ox, thudc cap oxi hda - khi lién hop:

aOx; + ne —= aKh,
va chit Kh, thudc cap oxi hda - khtt liégn hop:
b0x, + ne == bKh,

Thé& can bing E chung cho ci hai cap:
0,059 [Ox,]?
E, =E,+ log
n [Kh,]?
0,059 [Ox,]°
Ey, = Efy +—— log
n [Kh,}"

Khi phan #ng dat tdi can bang thi £, = Ey,

0,069 [0x,]? 0,059 [oleh
Enx + log - = E(l:(h + log -
n [Kh,J* n [Kh,]
0,059 [Kh,}? [Ox b
hoac: ES — EY = log 137 (O]
) n [Oxl]?‘ [KhZ]h

Biu thic sau logarit ctia phuong trinh trén chinh la biu thic cua hang s8 can
bang K cua phin ung. Do do:
n(E°. — E2.)
logK =—m—o K% (9.5)
0,059
Qua dd ta th&y hing s8 can bang cha phan dng oxi hda — khit khong phu thudc vao
ndng dé cde chdt ma chi phu thudc vio nhiét d6 va ban chat ciia chdt oxi hda va chat
khd, thé hién bing cac dai lugng thé oxi hda — khi tiéu chudn E®. Céc dai lugng E© do
ctia hai cap cang khde nhau nhigu thi hing s6 can bing cang ldn.
Thi du N
Tinh hing s6 cin bing cia phan ung giita Cr,04~ va Fe?* trong mai trudng axit.
Cr,0%~ + 6Fe?* + 14H* —= 2Cr* + 6Fe’* + TH,0
Hing s6 can bing K clia phin Ung la:
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[Cr3+]2[Fe3+]h
K ==
[Cr,03" |(Fe?* o[ H )"
6(1,36 — 0,77)
logk = = 60
0,059
K = 10%,

Gia s ndng 46 ban diu cia Fe2+ 1a 0,12 mol/l va cia Cr,05~ 1a 6,02 mol/l, tuc la
hai chdt cd ndong do duong lugng bang nhau va khi két thuc phan dng tic 14 can bing
duoc thiét lap thi néng d6 ion H* = 1mol/l. Ta hay tinh ti s6 nang do [Fe3*]/[Fe2+] khi
can bang dé thay duge phan dng trén x4y ra hoan toan dé&n mic nao?

[Fe*) = 6{Cr,03-]  va [Fe’*] = 3[Cr3)
Thay vao bi€u thdc cla K, ta s& duge:
. [Fe3+]2

[Fe3*]" -

3 3 Fe3*t
K = =—[FE3+]([ 2+]>?
[Fe?t] 2 [Fe<*]

{F92+]6 P

6

N&u néng d6 ban dau cia [Fe?*] = 0,12M thi khi can bang cd thé coi [Fe3*] = 0,12M,
nén:

3 [Fe'*] .7 60
K = 3 '0’12([Fe2+]) = 10
[Fe3*1, 7
= 0,18 = 1000
’ ([Fe2+])
[Fe3+] )7 = 10559
[Fet*]
[Fe**] — 10841
[Fel*]

Nhu vay, khi can bing duge thiét lap thi lugng ion Fe?* con lai chi con khodng mot
phan nghin triéu lugng jon Fe?* ban dau, tic 12 phdn dng d4 xay ra hoan toan.

9.8. Chit oxi héa va chit khi da bic
Chat oxi hoa da bae la chit 6 thé bi khtt theo nhidu nic. Thi du, vanadi hea tri VI

(VO3*) 1a chdt oxi hda da bac, nd ¢6 thé bi kht lan lugt xudng hda tri IV (VO2%), hda
tri (1) (V3*) va hda tri IT (V2+);

VOI* + Ze + 2H* == VO + H,0 EY Ly = +1,0V

VO + e + 2H' == V3* 4+ H,0 E{ i = +0,337V

V3t e = v EY,y = —-0,255V
Sat hoa tri’'(III) ciling la chAit oxi hoa da bac:

Fe*t + 2¢ == Fe2* EY = +0,77V
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Fe* + 2e Fe” E§ = —0,44V

Ngurge lai V2* va Fe® 1a cac chédt khit da bac.

Cac chit nhu V3+ hoac Fe2* 1a chédt ludng oxi hda — khit vi ching 14 chét oxi hda
trong hé nay (V3*/VZ* hoac Fe?*/Fe“) va la chdt khu trong hé khac (VO3+/V3+ hoac
Fe3*/Fe2*). D6i v6i nhitng chat oxi hda va chat khi da bae, néu biét th& oxi hda — kha
tidu chuin dng véi hai ndc thi cé thé tinh dugc thé oxi hda — khit ctia ndc thud ba tif
hai nac trén.

Thi du: Biét thé oxi hoa — khi tiéu chudn cia hai nita phan dng:

Felt + 2¢ —= Fe° E0O=- 0440V (a)
Fe?t + 3¢ —= Fe" E° =- 0,036 V {b)
Hay tinh th& oxi hda — khit tiéu chudn cua cap:
Fe3* + ¢ == Fe?* (e)
Cac phuong trinh Nernst vgi (a} va (b) la:
0,059 .
E = E(I,-‘c2+/l"c“ + log[Fe”] {d}
0,059
E = Ep2+,p0 + log [Fe] {e)
Nhan (d) véi 2 va nhan (e} vdi 3, ta duge:
2E = 2.(-0,440) + 0,059 log[Fe®*] (g)
3E = 3.(—0,036) + 0,059 log{Fe**] (h)
Lay (h) trir di (g), ta cd:
F93+]

E = 3.(-0,036) — 2.(—0,440) + 0,059 log

Felt
[Fe**] e

=B syt 0,059 log

(Fe*]
Ey iv, 20 = 3.(~0,036) — 2.(=0,440) = +0,772V.

Cach tinh trén day duge téng quat hoa bing quy tic Luther nhu sau:
N&u m, n va p a nhitng bac oxi hda nguyén té cda chét oxi hoa hoac chdt khir da
bacla m > n > p, thi:

im - p}E‘(‘m_p) = {(m — n} EV + (n — p) Et(]“-P) (9.6)

{m.n)

9.9. T6éc do cua phan ung oxi hoa - khu

Cd trudng hop trong do cd chit oxi hda va chdt khu thudce hai hé lién hgp tuy co
th& oxi héa — khi tiéu chuin khdc nhau nhung khéng phan wng voi nhau hoac phan
ing voi nhau rit cham. Thi dy, & nhiét d¢ thuéng thue t& 11, khéong phan dng véi oxi
0,, mac dit cdc thé tieu chudn cta cac hé liéen hop 2H*/H, va 0,+4H*/H,0 khac nh:aa
1,23 V. Nhung ngay & nhiét do thudng ion Fe** dé dang bi oxi hda bdi oxi, tuy thé tiéu
chufin cta hai h¢ O, + 4H*/H,0 va Fe3*/Fe2* chi khac nhau 0,46 V. Vi vay, hiéu thé
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chudn cta hai cap lién hop chi cho biét kha nang xay ra phan wng, con phan dng xay
ra nhanh dén muc nao con tuy thude vao téc d6 cua nd.

Téc do cha cdc phan Ung oxi hda — khit phy thuée vao nhidu y&u t6 nhu nhiét do,
néng d6 cde chat tham gia phan \ing, chit xic tac, sy cam ung v.v... Trong phin nay
ching ta xét dén hai y&u t§ quan trong cd 4nh hudng nhidu dén téc d6 cta phan tng
oxi hda - khir 1a ch4t xue tac va sy cadm dng.

Chér xtic tae

Chat xtc tde 1a nhitng chat lam thay d6i t6c do cia phan ing nhung khong bi tiéu
hao trong phan ung vi ¢6 16 n6 tham gia vao cac giai doan trung gian va lai duge tai
sinh trong nhitng giai doan custi.

Thi du, mac du thé tidu chuin ctia Cap 8203‘;‘250}_ = +2,0V, 10n hon thé tidu chuin
cia cap MnOj + 8H*/Mn2* (+1,51V) kha nhigu, song néu trong dung dich chi ¢ cde
ion 8,05~ va MnZ2* thi phan ung giita chiing rit cham, thuc t& gan nhu khéng x4y ra.
Néu thém vao dung dich d6 mat luong nhé musi bac 1am chat xic tic thi phin ding sé
xay ra rdt nhanh. Phan iing dd Xay ra theo cdc giai doan sau:

8,0 + 2H* —= H,8,0, (a)
2H,8,0, + 2H,0 — 4H,80, + 20 {b)
2Ag" + 0 + H,0 — Ag,0, + 2H* {c)

5Ag,0; + 2Mn®* + 4H'— 2MnO; + 10Ag* + 2H,0 (q)

Phan 1ing giita oxalat C,05™ va MnOj trong méi truong axit thuong dugce biu dién

bang phudng trinh:
2MnOp + 5 C,03” + 16H* = Mn2* 4 10CO, + 8H,0 (e)

Nhung thue ra phuong trinh d6 chi la phudng trinh tdng cong nhizu phan dng chu
hoan toan khéng ndi lén duge co ehé ecua phan Ung dd. N&u trong dung dich ban dau
chi ¢o cac jon MnOg, C,0%~ va H* thi phan ting gita chiing x4y ra rdt cham. Néu them
vao dung dich d6 mét lugng nhé musi Mn2+ (MnSO,) thi phan @ng x4y ra rit nhanh vi
ion Mn?* da xdc tdc lam tang tdc dg clta phan ving dd, Phan Ung nay xay ra theo nhing
giai doan sau:

ZMHOI + 3Mn?* + 16H* —s 5Mntt + 8H20 {a)
(Phan dng nhanh)
Mn#** + Mn2* —=~ 9Mpn3+ (b)

(Phan dng nhanh, thuan nghich)

Tiép theo cd 1& cac ion Mn3* va Mp+ phan dng vdi cac jon C,03%~ theo cac giai doan

sau:
Mnit + C,0%= —s Mn¥* + Co, + Coy {c)
Mn#t + COz_ —s Mn** + CO2 (d)
(Phan dng nhanh)
Mn** + €03~ === Mn(C,0,)* (e)

(Phan dng nhanh, thuan nghich)
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Mn** + C,0i" - Mn2* + CO, + CO; (£
Mn3** + CO; - Mn?* + CO, (g}

Né&u trong dung dich ban dau cd ion Mn?* thi ion Mn** dude tac thanh trong (a) sé
bi khi nhanh xuéng Mn3* theo (b}, sau dé Mn?** sé tao phuc vdi ion oxalat theo (e) va
roi phic dS bi phan huy theo (f} va (g).

Trong thuc t& cdc chdt xuc tdc thudng duge chon bang con dudng thuc nghiém theo
quy téc sau:

Thé tiéu chudn cia chit xuc tac phai  khoang gitta thé tiéu chufin cia chat oxi hda
va ch4t khit, tuy nhién d6 cing chi 1a digu kién can chyd khong phai la digu kién di ma
ta phai ding thuc nghiém d&€ nghién ciu chon chdt xuic tac thich hgp tit nhing chat
thoa man digu kién can dd.

Phdn itng cdm ing

Phan dng cam dng la phdn dng moét minh thi xdy ra rdt cham, nhung téc dé cia
nd duge tang lén khi déng thui ¢ mot phan ing nhanh khac xay ra.

Nguyén nhéan, cg ché cia hién tugng nay chua duge giai thich mét cach théng nhat.
Tuy vaAy, ngudi ta thudng cho rang trong qua trinh phan dng cd tao nén nhing chat
trung gian cd tinh oxi hda hoac khit manh hon cic chét ban dau.

Thi du: Cromat CrO3~ oxi hoa Mn(ID) rdt cham, nhung néu cd déng thoi H;AsO,
thi phan tng giita CrO}~ va Mn2* xay ra khd nhanh, vi phan Ung oxi hda Ii;AsO; bang
cromat lam tang t6c do phan ung gitta cromat va Mn?t. Hién tugng dé duge giai thich
nhu sau:

CrOj~ + H3AsO, — H3AsO, + CrO3~
(phén dng nhanh)
tiép theo CrO%~ duge tao thanh sé oxi hda Mn(II) thanh Mn(IID).
CrO{~ + Mn®** + 6H" — Mn3* + Cr** + 31,0

Mot trudmg hop rat thudng gap trong thuc tién phan tich la khi dinh phan sat (IID)
bang pemanganat MnOj, trong méi trudng axit HC] thi lugng pemanganat dung thuong
16n hon so voi lugng tuong duong vai lugng st (III). Nguyén nhan cia sai 6 nay la tuy
axit HCI 14 lodang va khi ¢6 mot minh thuc t&€ nd rdt kho bi pemanganat oxi hda, nhung
néu trong dung dich dong thai cd ca sat (III) thi HCI bi oxi hda béi pemanganat dudi
dang phan ing cdm dng. Nguyén nhan cg 16 1a dau tién Fe(ll) bi pemanganat oxi hoa
thanh Fe(V), 16i Fe(V) oxi hda Fe(Il) thanh Fe(IlI}:

2Fe?* + Fe’* — 3Fe**
va déng thoi cling oxi hda CI~ thanh Cl,
Fes* + 2C1- —— Fe®* + Cl,

Cl, sinh ra lai oxi hoa Fe(Il):

Cl, + 2Fe?* -~ 2C1~ + 2Fe**

Né&u tdt ca luong Cl, dau con ca trong dung dich thi lugng Fe3* ginh ra sé tudng
duong vai lugng pemanganat da tdc dung vsi C1™ dé tao nén Cl, va nhu vay khong gay
nén sai s§. Nhung vi cé mot luong khi clo ndo d6 da bay khéi dung dich nén da phai
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ding du pemanganat. Kinh nghiém cho thdy 14 n&u thém vao dung dich mét luong nho
mudi mangan (IT) thi s& khéng gay sai s6 vi Mn(Il) sé dé& bi Fe(V) oxi héa hon:

Fe'* 4 2Mn2t == Fe¥ + 2Mn3*
Mn?* sinh ra s& oxi héa Fel+*:
Fe?* + Mn3* —_» Fe3+ 4 Mn?2*

Mn** khéng bi m4t di nhu Cl, do d6 khéng méc sai s3.

Nhung khi dinh phan H,0, bing pemanganat hoac dinh phén sit (II) bang Ce(IV)
thi ¢ the dung HCI lam méi truosng axit ma khong gay sai s6 nhu trén. Do dd, chua cg
quy luat chac chdn d€ du dodn cdc phan Ung cam iing nao sé& xay ra. Thuding co thé dy
dodn cac phan @ng cam ing bing quy tdc thuc nghiém sau:

- Néu trong dung dich cd hai chit khi Ay va By cd thé oxi hoa khac nhau nhigu
thi thuong B, bi oxi hoa mot phan do hién tugng cam ung. Nhung néu phan wng:

an + Ak!l Bkl

1 + A(IK

x4y ra nhanh thi sy cam ung khong gay sai sé, vi B,, sé dugc tdi sinh lai hoan toan.
Néu phan ing trén cham hoac mét phan B, bi thodt ra khéi dung dich thi s& mac sai
34,

- Néu mot chat oxi hda bi khir cham bdi mét thue thir thi tée d6 phan tng sé
tang 1én khi xay ra dong thai phan dng gita thude tha va moét chit khae.

Thi du ion PO?~ khéng lam mat mau dung dich kali pemanganat trong mat truong
axit, nhung néu cd jon Felt trong dung dich thi PO}~ sé khu MnOj.

Oxi co trong khong khi e6 kha nang tham gia vao mét sd phan ing cdm dng va day
la nguyén nhan gay ra sai s6 khi tién hanh phén tich cac chit bing phan ing oxi hda
— kha. Thi du khi dinh phan Sn2+ bing dung dijch chuin kali pemanganat hoac kali
bicromat thi Sn?* bi oxi hda mdt phan bhdi oxi khong khi trong phan dng cam ng. Khi
tién hanh phan dng trung hoa ion HSO5 bang dung dich chudn kiem thi ng rit dé bi
oxi cia khong khi oxi hda thanh sunfat trong phan ing cam ing.
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CHUONG 10

PHUONG PHAP CHUAN DO OXi HOA - KHU

Trong cac phuong phdp chuin ds oxi hda - khit ngudi ta thuong tién hanh phan ing
chudn d6 la phan dng trao d8i electron gitta dung dich chudn chida chit oxi hda (hoac
khi) v6i dung dich phan tich chia chat khi (hoac chit oxi hda). D€ nhan ra diém tuong
duong cia phan \ing chuin do, ngui ta cing dung cdc chdt chi thi.

10.1. Chét chi thi oxi héa - khi

Béi véi cac phuong phdp oxi hda - khu trong mét s6 truong hop cd thé nhan ra
di€m cudi cta phan ung chuin da bang sy thay d8i mau cta dung dich khi du mot giot
dung dich chudn. Thi dy, khi chusn d¢ dung dich cdc chdt khi khong mau bang dung
dich chudn pemanganat, thi meot giot dung dich chudn du ra cling dd 1am dung djch ¢6
mau hdng. Mét trudng hop khac nita la mot trong hai dang oxi héa hoac khi tao chit
mau vdi mot chdt khde ching han iot tac mau xanh véi ho tink bot, thi cing ding chat
dd (hd tinh bét) lam chat chi thi cho phan dng chudn dé iot hoac dung dich chat khi
bang dung dich chusn iot. Trong truong hop nay hd tinh bot khéng tham gia phan ding
oxi hda - khit,

Trong dai da 6 cdc trudng hgp chat chi thi trong phuong phap oxi hda - kha la
nhitng chit oxi hda hoac khit ma dang oxi héa va dang khir clia n6 ed mau khdc nhau,
vi vay, mau cia chdt chi thi phu thuée vao thé oxi hoa - khit cia dung dich. Méi chat
chi thi oxi hda - khit ciing cd mot khoang d6i mau. Ta hay xét mot chat chi thi oxi hoa
- kb, Gita dang oxi hda va dang khtt cia nd ¢d can bang trao d&i electron:

Ind,, + ne == Ind,, {a)
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Phuong trinh Nernst d6i v6i hé nay la:’
0,059 [Ind,, ]
+ log ———2 (10.1)
{Indg,}

Gia s rang ta phan biét duge mau cia mot dang khi nong do can bang cla nd ldn
hon ctia dang kia khoang 10 lan. Do dé khoang thé€ 48i mau ctua chat chi thi oxi hda -
khi sé la:

0,069 1 0,059
E=Rf +———og— =E,— —V
Ind n 10 Ind n
0,059 0,059
dén E = Ej + log10 = By, +———V (10-2)

Sau day la mat s6 chat chi thi oxi héa - khir thudng duge st dung.

Diphenylamin: C.H—NH-C H;

Dugec s dung dudi dang dung dich 1% trong axit sunfuric dac. Chat nay cd thé tiéu
chudn EY = +760mV (+0,76 V). Dang oxi hda ¢d mau tim, dang khut khong mau.

Diphenylbenzidin: Chit chi thi ¢6 cong thic cdu tao la:

Ol 5wl

No duge st dung dudi dang dung dich 1% trong axit sunfuric dac. Chat chi thi ed
thé tiéu chuidn = +0,76 V. Dang oxi hda c¢6 mau tim. Dang khi khong mau.

Natri diphenylsunfonat: CH—NH-CH, — S03. Dudc st dung dudi dang dung
dich 0,05% trong nudc. Thé tiéu chudn la +0,84 V. Dang oxi hda ¢6 mau tim do, dang
khi khéng cd mau.

Phiic efia Felt voi 2.2° - dipiridin: Cong thie cfu tao la:

Felt / N\ / N\
— N N == 3

Dugc st dung dudi dang dung dich HCl loang. Chat chi thi nay cd th& oxi hoa - khu
tiéu chuén la +0,97V. Dang oxi héa mau xanh nhat, dang khi cd mau do.

Feroin: Phic cua Fel* vdi 1,10-phenantrolin:

Chat chi thi nay cd cong thde ciu tao la:

Fe?t / AN / AN
—=N N=— 3
Dung dich chat chi thi dugc chudn bi bang cdch hda tan 1,624 gam phenantrolin

clohidrat va 0,695 gam FeSQ, trong 100ml nudc. Chit chi thi niy c6 E* la +1,06 V.
Dang oxi hoa mau xanh nhat, dang khit mau do.
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Axit phenylantranilic. Chat chi thi nay cé cong thic cdu tao 1a;
_ COO0H

NG thudng duge s dung dusi dang dung dich 0,2% trong nudc hoac 0,1% trong
dung dich Na,CO; 0,2%. Thé tiéu chudn E° 1a +1,08 V. Dang oxi hda c¢d mau tim. Dang
khi khang mau.

D& chon ch4t chi thi cho mot phép chudn 46 ngudi ta thuang dung phudng phap vé
dudng dinh phan va phuong phdp tinh sai sé chi thi tuong tu nhu cc phudng phap chon
chat chi thi trong chuan da trung hoa, chudn 46 ccmplexon.

10.2. Dudong dinh phan

D& dé hi€u, ta hay 14y mot thi du cu thé:

Thiét lap phuong trinh dudng dinh phan khi chudn do V, ml dung dich Fe2* néng
d6 duong lugng N_ bang dung dich chugn Cet+ nong dé dudng lugng N. Cho bist cac
thé tiéu chudn cta cac hé la:

B¢t o3t = L44 V; B0+, 02+ = 0,68 V

Phan tng trao déi electron ciia tiung chit trong cap céa nd:
Ce¥t E) = +1,44V

Fe 't — ¢ == Fe3* Ey =068V

Do 46 ndng do duong lugng ciia cac dung dich Ce?* vi Fe2+ day bang nong d6 mol
cua chuing. Phan ung chudn do la:

Ce** + Fet = Ce3+ 4+ Feli+ )]

Phuong trinh bdo toan electron cia dung dich xuait phat tir san phdm phan dng
{Ce3*, Fe3*), khi thém V ml dung dich Ce'* vao V_ ml dung dich Fe2+:

Ce* + ¢

VN V(INU
[Cet*] ~ ——— = [Fe?] - —1 0 (2)
V,+V V,+V
VN - N”Vu
= [Ce®"] — [Fe?*] (2°)
V“ + VvV N
Goli F la phan Fe;* bivghuﬁn do, tdc la F = ——  Dua F vao (2") bang cach nhan
%) + N{‘V{)
hai v& cia (2') vai | NV ta co:
VU +V
F 1= (0o - Fep ——— 3

0" Q0
Cac ndong d6 can bing trong phudng trinh (3) 1a ndng dd mol sé dugc tinh tir céac
Phuang trinh bio toAn khdi lugng etia Fe2+ va Cedt Tif (3} ta tinh duge céc ti s6 nang
d6 ca Fe**/Fe*t va Ce%*/Ce3* theo F va thist lap duge phuong trinh chusn do 1a phuong
trinh bi€u dién sy phu thudc cia thé oxi héa - khit cha dung dich vao F.
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a) Trude diém tuong dueng, tic la khi F < 1, trong dung dich con du Fe*, ngoai
ra vi phan uUng xay ra kha hoan toan (K = 10'2%), nén [Ce'*] khi dé rdt nhé, khong
dang k& so voi [Fe?*], va phuong trinh (3) trd thanh:

V,+V
F— 1= —[Fe?*] —
NUVU
S ) NUVU
Ta biét rang [Fe*'] + [Fe*'] =-——
Vv +V
V, o+ V 1
suy ra: =
NV, [Fe*] + [Fe*]
1
va (4) trd thanh: F — 1 = — [Fe?]

[Fe?*] + [Fe?*]

Chia t& va miu s6 cha vé phai phuong trinh (4°) cho [Fe?*], ta cd:

1
F-1=-
[Fe**]
— +1
[Fe?*]
[Fe’*) F

Tir dd suy ra:

[Fe*] 1-F
Phuong trinh dugng dinh phan la:

E

i

E

EQ o+, 2+ + 0,059 log

F

F

1-F

+0,68 + 0,059 log ———

1~ F

(4)

(4")

(10.3)

(10.3")

B) Tai diém tuong duong, khi lugng dung dich Ced* thém vao tuong duong voi lugng

Fe2*, hai chét tac dung vita di vdi nhau, tdela F = 1 va F - 1 =0, ta cd:

[Ce¥] = [Fe?']

Ngoai ra, ta ludn cé:  [Ce**]= [Fe?]
[Ce*][Fe™)
Do dg, ta suy ra: — =1
[Ce™][Fe?]
Tu hai phuong trinh Nernst cia hai hé:
[Ce?*)
E = E) + 0,059 log
| (Ce™)
[Fe*]
E = E% + 0,059 log
Kh [F92+]

Ta suy ra E tai di€m tuong duong:
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2E,, = (B, + E,) + 0,059 log 1
E, = 1/2 (1,44 + 0,68) = 1,06 V

) Sau di€m tuong duong, tic la khi F > 1, ta di thém vao nhitng lugng du dung
dich chudn Ce**, nén ta bo qua dugc {Fe?*) trong (3) va phudng trinh dd trd thanh:

.tV
F—1=([Cet] — (5)
N('IVU
YotV ! 3+ 3+
Thay = - va [Fe’*] = [Ce**] vao (5), rdi bo qua [Fe*] vi
oo [Fe™] + [Fe?*] rel =l Fe
qua nhd, ta duge:
[Ce't)
—_— = F -1 {6)
[Ce®]
Do dd phuong trinh dinh phan sé la:
E = EQ 4+ ,,3+ + 0,059 log (F ~ 1) (10.5)
= 1,44 + 0,059 log (F - 1) (10.5"

Nhu vay, truée di€m tuong duong ta tinh thé& oxi hoa - khir cua dung dich bing
phuong trinh Nernst cfia cap lién hop chita chat khi, (cap Fe*/Fe?*) Sau di€m tuong
duong ta tinh thé can bang theo phuong trinh Nernst cua cap chia chit oxi hoa
(Ce?*/Ce3*). Tai di€m tuong duong thé cha dung dich duge xac dinh bang phuong trinh
Nernst clia ca hai cdp va thé do 13 hing s6, chi phu thude vao E“ cia hai cap. Bang 10.1
cho ta thdy cac dit kién tinh theo cae phuang trinh trén dé vé dudng dinh phan khi
chudn do dung dich Fe2* 0,1M bang Ce** 0,1 M.

Bing 19.1 ThE oxi héa - khir | trong qud trinh chuln 46 dung Qich Fel* 1M
bing dung dich Ce** cing ning 4%

¥ 0.1 0.5 0y [ 099 0999 | 1000 100§ Lol 1,10 150

Evy | ve22 | oex | 074 0,78 086 L04 126 132 135 142

Ti cdc cong thuc trén va thi du veé dudng dinh phan ta c6 nhiing nhan xét sau:

- Dang ctia dudng dinh phan khéng phu thude vao ndéng d6 cha dung dich chudn
cing nhu chit can xac dinh,

- Khi m6i bat dau chudn d¢ va dac biét o vung diém tuong duong d6 dée caa duong
cong rit cao va tai di€m tuong dudng c¢é bude nhay thé. Tai vung xung quanh F = 0,5
thé bién thién rat it ta cd thé ding dung dich dém thé,

- Dang cua dudng dinh phan khéng phu thude vao pH. Tuy nhién, d¢ axit lam thay
déi dang cda cdc chat (Fe(IIT) va Ce(IV)) do lam mat khi nang thiy phan hoac kha hang
tao phitc lam thay d6i thé tiéu chusin cia cic ha.

Can chu y la déi véi ca hai hé vita xét hé s6 cta chit oxi hda va chat khi lien hop
trong phuong trinh trao déi electron la bang nhau, nén cac phuong trinh thiét lap ds
tinh thé& khéng phu thude vao nong dé cia cac chdt, tuy nhién dsi voi trudng hop cde
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EY)

Hinkt 10.] Puwirng dinh phin dung dich FeZ* 0,1M bling dung dich Ce? 0,10,

hé bat d6i xiing thi két qua sé khde di. Ta hay tinh thé trong qua trinh chudn dd dung
dich Fe2* bing dung dich chuin Cr,03~ trong méi trudng axit.
Gia st ta can vé dudng dinh phan khi chudn dé dung dich Fe?* 0,IN bing dung
dich chuén K,Cr,0, 0,2M trong moi trudng axit cé [H*] = 1M, Bi&t cac th# tiéu chudn:
Ej 3+ pid+ = +0.68Y, B, 3- 03+ = +1,33V
Phuong trinh chuan do:
Cr,03~ + 6Fe?* + 14H* = 2Cr’* + 6Fe’* + TH,0
Phuong trinh bao toan electron duge viét xudt phat tif cidc san phdm phan dng la
Cr3+ va Fe3* khi théem V ml dung dich chuidn Cr,0%~ vao V, ml dung dich Fe?*:

N(IVD NV
[Fe?] - ——— = [Cr)0§7] - —————
V,+V 6V, + V)
[Felt] — —L = 6[Cr,037] — [Fe?*]
Vo4V =
LV, +V
F — 1 = (6[Cr,037] - [Fe**]) ——— (10.6)

[S ]

Phan ing gilta Fel* va Cr,03 x4y ra rdt hoan toan vi thé tiéu chudn cta hai cap
khdc nhau nhitu (K = 109.1). Do dd, trudc diém tuong dudng ta bd qua dugc
[Cr,037] bén canh [Fe?*] trong phuong trinh (10.6), phuong trinh dd con:

VetV
—_ = e + 3
F-1 [Fe 1(NV ) (10.6")

N0

Ké&t hop phuong trinh d¢ vdi phuang trinh:

[3 Y]

vV +V

0o

[Fe?'] + [Fe**] =
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Ta di dén phuong trinh dudng dinh phan:
F
E = ER3+ ,,2+ + 0,059 log ——— (10.7)
l1-F
Tai di€ém tuong duung, khi NV, = NV, ta c6:

[Fe¥] = 3[Cr™*] va [Fe?*] = 6[Cr,027]

1
Ey =5 Eeryo3~rcit + E{3+,pa+) + 0,059 log [Cr3)
N()Vn
trong do Cr¥3*] = — —2° _ q3 [Fe?h) (10.8)
3V, +V

Sau di€m tugng duong, khi F > 1, ta bé qua ndng do [FeZ+] trong phuong trinh
(10.6) va tinh thé theo phuong trinh Nernst cia hé Cr,03~/Cr3+;

0,059 0,059 1
—_ 1] _ —_
E = Ec‘rzo% soot + log(F — 1) + 5 log (]
N(!Vn
trong dd [Cr¥*] = — (10.9)
3V, +V

N&u qui wdc buée nhay tai digm tuong duong 14 hiéu th& dng véi F - 1 = + 0,002
thi ta tinh duoc hiéu thé dé 1a 0,622 v

Nhu vay, trong trudng hop khi ¢d ion H* tham gia vao phan dng chuin dé va khi
hé s8 etia cdc chét oxi hda va khit lién hgp trong phuong trinh phan ding chuin do khong
bang nhau thi thé oxi hda - khit cia dung dich tai di€m tuong duong va sau diém tuong
dwdng phu thugc vao do axit cung nhu vao ndng d6 cla chit oxi hda hodc chdt khi,

E(V/ —
16 +
72+
a8}
41
as 7 15 20_;‘

Hinh 10.2. twrdny dinh phan dung djch Fe* 0,IN biing dung djch K,Cry 05 02N & pli=n,
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10.3. Sai s8 chi thi

Ciing nhu trong phudag phdp trung hda d& chon chit chi thi trong chuin d¢ oxi
hda - khit ngudsi ta con ding phuong phép tinh sai s§ chi thi va d€ tinh tot nhét la nén
dya vao phuong trinh dudng dinh phan vi, nhu ta da biét, theo dinh nghia thi sai s6
tuong doi la:

cv-cCV

§=— 2 =F -1
cV

04
trong dé F_la F tai di€m cudi, tic la F dng véi thoi diém ta két thic chudn do.
Phuong phap chung dé tinh sai 6 la: Trude hét tinh thé o didm tuong ducng E ;.
T d6 so sanh thé& di€m cudi voi E,, xem két thuc chudn do trudc hoac sau di€m tuong
duong dé& chon phuong trinh tinh F.
Sau day la thi du minh hoa:
Thi du |

Tinh sai s6 khi chudn do dung dich Fe?* bing dung dich KMnO, 0,1N trong moi
trung axit sunfuric ¢ nong dd ion H* khong d6i bing Imol/lit va két thdc chudn d6 ¢
the +0,87V.

Tai diém tuong duong:

5.1,51 + 0,68
- = 1,372V
6

Etd

Ké&t thic chusn do tai thé +0,871 V tdc la két thic trude di€m tudng dudng. Ta
diing phuong trinh Nernst cia hé sit de .inh, t&c l1a 4p dung cong thic (10.7):

F
E_ = 0,871 = 0,68 + 0,059 log ———
1 -F

©

lg ——— = 3,237 = log 1726

[

= 1726, F, = 0,9994
1-F,
§=F -1-= —9,0006 hoac —0,06%

Thi du 2

Tinh sai s6 chudn d6 khi chudn do dung dich Fe?* 01M bang dung dich Ce#* cing
nong da két thic & the 1,257 V.

1,44 + 0,68
= =106V
2

Eld

K&t thic chudn do & the +1,257 V tic 1a k&t thic chudn d¢ sau diém twong duong.
Vi vay, dung céng thic (10.5) dé tinh sai sé:
E, = 1,257 = 1,44 + 0,059 log (F, — 1)
log(F. - 1) = ~3,102 = log 0,0008
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S=F —-1= +0,0008 hay +0,08%,

C

10.4. Chuin dé chit da oxi héa - khrt

Ching ta hay xét mét thi du di€n hinh vé chudn dé chdt da oxi hda - kht: Chusn
dé dung dich V2* bang dung dich chuan pemanganat.

Vi E‘\:,U;N()m >> EGolt 3+ > > EQ3+ 24

Va By o7 11+ M2t 2> Elat ue2—, nén dun dich V2* s& dudge chuin dd bing dun
MnO7. 117/ Mn VO3 /vO g g g

dich chuan KMnO, trong méi trusng axit lan luot theo ba nac:
' MnOj + 5VZ'+ 8H'= Mn?* + 5V3* + 4H,0 {a)
MnOy + 5V + H,0 = Mn®* + 5V02+ 4 2[+ (b)
MnOj + 5VO* + H,0 = Mn?* + 5V0; + 2H* (c)
Nong dé duong lugng céia vanadi trong tiung ndc chuin do bang ndéng 46 mol cia
nd, néng dé dudng luong cda pemanganat bang 5 1an néng dé mol cia nd. Dit F ]a phan
lugng ion V2* duge chuin do, tic la:
5CV

F=—

cV

LIS ]

Trong ds CV, C.V, lan lugt 1a néng dé mol thé tich ctia cie dung dich pemanganat
va vanadi,

Dé thiét lap phuong trinh dudng dinh phan ta st dung:

- Cac phuong trinh bao toan electron xust phadt tif cdc san phdm cia ting ndc chuin
d6 trong sy ¢6 mat cdc chit tham gia phéan ung.

- Cdc phuong trinh Nernst ctia hai hé lién hop.

- Cdc phuong trinh bao toan khéi lugng cha vanadi va pemanganat.

DGi v6i ndc thi nh4t (chudn da dung dich V2* theo phuong trinh (a)), ta dung
phuong trinh bao toan electron xuat phdt tit Mn2+, V3+

5CV . cV,
5 MnOp)] - ———— = (VO] + 2[v0O?] + [V - /2 (1)
L, TV B V,+V
Tt (1), suy ra:
5CV - C, -V,
= 5[MnO;] + [VO¥*] + 2[VOS] - [V2] (2)
V,+V
LtV
Nhan hai v& cta (2) vai —— ta duge :
1%
V.+V
F—1=-5% (5 [MnO;] + [VO +2[VO7] - [VZ*]D (3)

o0

Trudc di€m tuong duong thit nhat (F < 1) trong dung dich thuc t& chi xay ra phan
ung (a}, phan wng dd rit hoan toan, nén cd thé bé qua cac gia tri nongds [MnO;],[VO-=4j,
vV, +V
[VO7] trong phuong trinh (3). Thay bigu thie —— bang phuong trinh bao toan
c v
(%] 0
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khéi lugng cua V¥ da duge gian hda:

V.o+V 1
CY, VIV
ta sé thist lap dugc phuong trinh dinh phan trude diém tuong duong thu nhat:

F
(10.10)

E = E{3+,y2+ + 0,0591g

Tai di€m tuong duong thy nhit, F = 1, trong dung dich bat dau xay ra phan ting

(b) dong thai vai phan dng (a), nén trong phuong trinh (3) ta chi bd qua duge [MnO7]

va [V2+]). Tir digu kién dd, két hop v6i hai phuong trinh Nernst ctia hai hé V3V,
VO2+/V3+ ta tinh duge th& § diém tuong duong thi nhat:

By = 05 (Byas y2+ + Byqas o) = 0,5(=0,265 + 0,337) = 0,041 (10.11)

Sau diém tuong duong thi nhat, trude diém tudng duong thi hai, tic la 1 < F <

2, ta viét phuong trinh bao toan electron xudt phat ti Mn2* va VO2*, vi lic nay trong

dung dich thuc t& chi xay ra phan ung (b). Viée thiét lap phuong trinh dudng dinh phan

cing theo ki€u twong ty nhu trén:

F-1
E = E{2+ 53+ + 0,059 log (10.12)
Tai di€m tuong duong thi hai, tdc la khi F = 2:
E ,, = 0,5(Ey g2+, 3+ + E%O;,VOH) = 0,668 (10.13)
Sau diém tuong duong thd hai, khi 2 < F < &
F-2
(10.14)

E = E‘\)’O;/V02+ + 0,059 log

121

0.8+

04 4

Hinh 10.3 Pworng dinh phan dung dich VZ* bing dung dich chulin MOy cing nong do.
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Tai di€m tuang duong thi ba, tuc 1a khi F = 3
E ;= 5EK4HOI/M"2+ + EL\}’O;/VZ* + 0,0591g(1/3) = 1,42 V (10.15)

Sau diém tuong duong thiu ba:

0,059  F -3
E =E{no; mn2t + 5 e — (10.16)

Trén hinh 10.3 1a duong dinh phan chudn do dung dich V?* 0,033M bing dung dich
chudn pemaganat 0,02M.

10.5. Mot s6 1tng dung phd bién va dién hinh cua phuong phap chuan do oxi héa - khiy

Khi ti€n hanh xdc dinh mét chdt nao dg trong cac phuong phap oxi hda - khi thi
chat phan tich phai & duai dang mot trang thai oxi héa hoac kht xac dinh cd kha nang
phdn dng dinh luong vai mot dung dich chuin cta chit oxi hda hosic chat khit. Thi du,
dé dinh lugng sit trong mét dsi tugng nao dd, khi phan hiy miu dé chuyén nd thanh
dung dich thi nd co thé ton tai & trang thai Fe(I} va Fe(III).

D& dinh lugng sit, ngudi ta phai chuyén toan bo lugng sit co trong dung dich thanh
sdt (ID va chudn d¢ sat (ID) dd bang dung dich chuin chat oxi héa thich hgp trong nhiing
diéu kién thich hop.

Trong phan nay, truée hét chung ta hay xét dén cac chat oxi hda va cac chat kht
hé tro ma ngudi ta thuang diing d& didu ché cac chdt oxi hoa va cac chit khit nham
chudn do chiing. Sau d6 xét dén cac chat oxi hda va khit thudng dude dung d€ digu ch&
cdc dung dich chufn va cdc ing dung phan tich ena chung.

I0.5.1. Cdc chdt oxi hia hé tro

Dé oxi hda mot s6 ion tit trang thai cd s8 oxi hda thap (thi du Cr3*, Mn2*) tai trang
thai cd 36 oxi hda cao (crzog—, MnO7), réi chudn do ching bang cac dung dich chudn
chat kht, ngudi ta thuong dung mét 6 chit oxi héa manh lam thude thi hé trg, Sau
déy 14 mot s6 chat duge ding.

Natri bitmutat

Natri bitmutat 1a chat oxi hda rit manh:

NaBiO,| + 4H* + 2¢ == BiO* + Na* + 2H,0 E° = + 1,8V

Né duge dung d€ oxi hda Mn{II) lén Mn(VII), Cr{III) lén Cr(VID) trong mot trudng
axit khi dun néng. Thude thit du duge tdch khoi dung dich phan tich bing cach loc.

Amoni pesunfat

Amoni pesunfat ciing la mét chit oxi héa rat manh:

SZOE{_ +2e = 2 SO&‘ Ec=201V
N¢ duge su dung d& oxi hda Ce(IID) lén Ce(IV), Cr(III) - Cr{VI) va Mn2+ -

MnO; (dung xuc tsc 1a ion Ag*). Lugng thude pesunfat du duge phan huy bang cach
dun s6i dung dich trong thdi gian ngan.

28,05” + 2H,0 > 4802~ + 0,1 + 4H*
Hidro peoxit

Hidro peoxit ciing la chat oxi hda manh cd trong méi trudng axit 14n trong méi
trudng kigm,
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Trong méi truding axit nd duge s dung dé hoa tan nhidu chit khi thi du hoa tan

mot s6 kim loai trong HCl ¢6 mat H,0,
H,0, + 2¢ + 2H* —= 2H,0 E® = 41,78V

Trong méi trudng kidm du, nd duge st dung dé€ oxi hda Mn(I) thanh MnO,, Cr(J1D)
thanh CrOf~. Thuée thu H,0, du sau khi oxi hda dugc phan hiy hoan todn bang cdch
dun s6i dung dich trong thui gian ngan:

2H,0, » 2H,0 + 0, T
10.5.2. Cdc chit khir pha tro - Cic loai cit khir

Da s6 cac dung dich chuan si dung trong chudn dé oxi héa - khv la cdc chit oxi
héa. VI vay, dé tién hanh phan tich ngudi ta
thudng didu chinh trang thai oxi hda cuia
chdt can dinh phan bang phan dng khu.
Bién phap rdt hitu hiéu 1a diang cac cot khu
nap kim loai. Loai cot khi théng dung nhét
la c¢6t khi Jones dung hén héng kém va cot
khit Walden dung chit khd 1a bac kim loai.

Thé tiéu chudn cva cap Zn?*/Zn® kha
am{(-0,76V), nén Zn kim loai dudi dang hat
nho khtt duge nhidu chit oxi héa khac nhau.
Trén hinh 10.4 13 dang phé bién cha cic loai
cot khit kém hoac bac. Khi dua dung dich
phan tich 16n dau cot va cho nd chay qua véi
téc d6 thich hop bang cach didu chinh khoa
3 phia cudi cét thi phan dng sé xay ra trén
toan c¢3t va ta hing duge dung dich phan
tich & binh dat phia dudi. D€ tranh anh
hudng cta oxi khéng khi, ngudi ta néi binh
v6i hé thong hit chan khong. Néu dung dich
phén tich chia lugng ding ké axit thi Zn sé
khir ion H*. D& tranh phan dng dd, ngudi ta
ding hén héng kém.

Sau day 14 cac phadn dng khi modt s&
chat oxi hda bing cét khi Jones ding hén
héng kém:

Cr3* + ¢ = Cr?* (mau xanh 14 ma)
Cul* + Ze = Cu® (ké&t tua trén cuc)
Fe3* + ¢ = Fe?* (gan nhu khong mau) Hinh I0.4. Cit khir kim logi:
TIO™ + ¢ + 2H* = T3* + H20 {mau tim) hl~ dl_;:n; dlC-:] t}}l‘lﬂn ;li'Ch; 2- I.T._ll kim o hode
. An hony 3- din chdn oo (6 nhd ¢ dung dich
24+ . TTd {thudng thu . = ) =
UOL* + 2¢ + 4H =U* + 2H,0 duoc lg15n chiy qua dugre; 4- hong thay tinh; 5- voi nude
Ut + 3¢ + 4H+$U3+ + 2H.0O : Ve phia borm hode phéu loe chiin khing,
2 ' 277 hgp U{ID . b R kU .
- duny dich chil kbir thu duoe.
va U(IV)
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VOJ + 3e + 4H* ==V2* + 2H,0

va cdc phan (ng kht mot s6 chat trén o6t thit Walden dung cac hat bac kim loai trong
moi trudng axit HCI:

Crit: khéong bi khit
Cu?*t + e ——= Cu* (HC] 2M)
Fed + 2¢ —— Fe?*
H,MoO, + 4H* + ¢ = MOO;" + 2H,0
TiQ2+: khéng bi kha
U0s* + 2e + 4HY —=U** + 2H,0
VO} + 2H* +e¢ —— VO2* + H,0

10.5.3. Mt 56" ving dung cia cdc phuong phip exi héa - khir

Cac chdt khi thudng duge ding dé digu ché dung dich chusn khi xac dinh cac chit
oxi hda.

Dung dich mudi sat (11

Dé& chuan bi cac dung dich mudi Fe(II), ngudi ta thugng dang mudi Mo (Mohr)
Fe(NH,),(50,),.6H,0. D& chéng sy thiy phan khi hda tan ta them vao axit sunfuric d&
nong db cua nd trong dung dich chuin Fe(II} 12 0,5M. Muéi Mo khong phai la chat gée,
nén khi pha dung dich cn xac dinh lai ndng d6 ciia né trude khi ding.

Natri thiosunfat

Dé chudn bi cac dung dich chusn durg tinh thé Na,8,0,.2H,0. Day la ch4t khu
duge dung lam dung dich chugn dé x4de dinh nhigu chit theo phuong phap iot-thiosunfat.
NG bi iot oxi hoa dinh luong theo phan dng:

I, + 28,0 = 21" + 8,0%"

Nguyén tdc cta wing dung la cho chat oxi hda cin dinh phan tic dung véi luong du
ion 1" réi chudn dé luong I via tao thanh bing dung dich chufn thiosunfat véi chit
chi thi 1a hd tinh bot.

Sau day la thi du di€n hinh v& Wng dung cua phép chudn dd theo phugng phap
iot-thiosunfat:

| Chat dinh phén Nira phin iing Biu kién dic biét
07 107 +7 +8H" == 051, +4H,0 mai tromy axil
10y +2¢ +2H* 2=107 +21,0 . dung dich trung hda
107 107 +5¢ +6H" == 05, +3H,0 axit manh
BrOy, QIO X0y +6 +6HY ==X~ 4 31,0 axit manh
Br,, Cl, Xy +2 = 2X7
NGy LINO, +HY +¢ == NOt +H,0
Cu* . U2t 17 +e = Cul}
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) Oy + MO, + 2H,0 = 4Mi(Oil)5 1 mdi trurdrny bozor
MO, +3H" +e == Mn?* +311,0 mai ruimg axit
0, Oy +2¢ + MY =0,t +1L,0
Peoxit hiru ooy ROOI + 2¢ +2H" = 0, +11,0

Cac chit oxi hda thudng duge ding dé diéu ché dung dich chudn khi xdc dinh cac
chit khu.

Kali pemanganat

Khong phai 1a chit gfe. La chit oxi hda manh trong méi trudng axit. Thudng dung
axit sunfuric lam chat tao méi truting. Cén duge bdo quan cén thin va xdc dinh lai dé
chudn ngay trugc khi diing.

Xeri (IV) sunfat

Thuong dung (NH,),Ce(S0,),.2H,0 dé pha cdc dung dich chuidn trong méi trudng
axit sunfuric (khodng 1M)}. Khdc v8i dung dich chudn KMnO, 14 dung dich ¢o mau
thudng khong can chi thi, vi sau diém tuong dudng khi du 1 giot dung dich chudn
KMnO, 0,02M c6 mau hong rdt dé nhan thay trong thé tich khoang 100 m}, con dung
dich Ce(IV) tuy cd mau vang da cam nhung khéng thé dung mau dd thay chit chi thi
dugc vi cudng 46 mau cia 1 giot dung dich chuén du rdt yéu. Vi vay, trong phép chudn
do ding Ce(IV) phai dung chit chi thi. Trong da 58 cde trudng hdp ngudi ta thudng
dung phuc Fe(II) véi 1,10-phenantrolin.

Sau diy 1a mét s6 vi du dién hinh ciia phuong phap chudn d6 dung pemanganat va
xeri(IV):

Ch#il ¢in dinh phin Nty phuony trinh Dicu ki¢n diie hict
Sn Sndt 20 == sttt khir Sn(1V) bing Zn
IIZO2 [-1202 -2 =0, +2H*
ie Felt - ¢ == F3* Khir 1'e3* bing Zn hodce SnCl, hode et
khir Ag
v VO - e +31,0 =V©OH); +211* khir bang hdn hdng Bi hodic bing 50,
Mo Mo*t = 3¢ +4H,0 == Mot~ +81* ¢t khir Zn
W WAt = 3¢ +4H,0 == WO + 811 eOt khir Zn hode Ce
U U - 2e + 41,0 == UOF* + 311" ¢ khir Zn
T TR - e +H0 == TiO?'+ 20" ¢t khir Zn
- N J— ~ +
H,C,0, 10,0, = 2¢ == 2C0; +2lI
My, Ca, Zn, Co, Pb -nt- ki ia cde ion dedi dang MC,0,. L
via Ag rira k€1 t0a, hiw tan béng dung dich
11,80 Wing.
HNQ, [INO, - 2¢ +H,0 == NOG; + 3t chufin &0 nguroe lwong du MO
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Kali dicromat:

Kali dicromat K,;Cr,0, 1a chat gée. C6 thé can nhiing Iugng chinh xdc nd dé& pha
cac dung dich chusn cd nong dé mong mudn. Dicromat la chit oxi héa manh trong méoi
trudng axit:

Cr,03” + 6e + 14H* —= 2 Crd+ + TH,0 E = 4133V,

Tuy dung dich dicromat kali ¢é mau d3 da cam, nhung mét giot dung dich chugn
sau di€m tuong duong khong du dé nhin ra sv thay ddi mau vi cuing dé mau rat yéu,
ngoai ra vi san pham la Cr3* ¢6 mau xanh tim cang lam cho sy thay déi mau khong r&
rét. Vi vay, khi chudn d¢ bing dung dich dicromat ta phai diung chét chi thi. Chat chi
thi diphenylamin la thich hop: khi chuédn do truc tiép cac chat khu bing dung dich
dicromat dung dich sé& thay ddi mau t¥ mau xanh la cay cta crom(Ill) sang mau tim.
Khi chudn do6 sat (ID), ta thutng thém vao dung dich phan tich mot luong axit photphoric
dé tao phudc kha bén véi ion Fe(IIl) (phde khéng mau), nham kéo daj bude nhay thé g
diém tuong duong, nham tang do chinh xde cua phép chugn do.

Khi chudn do bing dung dich chuén dicromat cg thé dung axit HC] Jam mei truong
ma khéng sg gay sai 56, vi ndng do HCl khong qua cao thi dicromat khong oxi hda duge
¢lorua nhu fon pemanganat. Phuong phap dung dicromat cung cd nhidu ¥ng dung dé
chudn d6 cac chdt khit nhu trong phuong phap pemanganat hoic xeri (IV).

Mét ving dung dang ndi cia phuong phap dicromat la ding nd d€ dinh luong ruou
etylic theo phan tng:

- 3C,H,0H + 2Cr,02 + 16H* » 4Cr3* + 3CH,COO0H + I1H,0

Phuong phap duoge tign hanh bang cich cho lugng dung dich chudn dicromat tac
dung vdi dung dich phan tich khi dun nong sau dé chudn d6 nguge lugng dicromat du
bang dung dich chuin Fe2* ding axit diphenylamin sunfonie 1am chat chi thi.

fot I7: D€ chudn d6 bang dung dich iot, ngudi ta didu ché dung dich chudn bang
cdch pha dung dijch I, trong lugng du KI, vi 46 tan céa I, trong nude kha nho. Vi thé
tiéu chudn cua he:

I+ 20 —= 31 biang EY = + 0,536 V
" 1a tuong déi thap neén I3 chi ding d& xac dinh cic chit khy manh. lot khéng phai 1a
- chit géc. Ngoai ra, dung dich I3 céng khong cd néng dé 6n dinh theo thuj gian. Mat
trong cac ly do la iot cd thé bi thang hoa v thudng dé bi khit L3i vdc chat hitu cg, bgi
bui. Ngoai ra, iodua trong dung dich chusn, cing dé bj oxi hda bdi oxi khong khi:

3 + O, + 4H* ==~ 21, + 2H,0

Do dg, truse khi dung dung dich chuén iot cin xic dinh lai néng d% cta nd bing
mét dung dich chuén thiosunfal d¢a biét chinh xac néng da.

Mat trong nhitng ting dung quan trong cua phudng phap iot 1a xde dinh ham lugng
cua nude, Phuong phap si dung thudc thi goi !4 thude thi Phisg (Carl Fischer). Thuée
thit nay [2 hén hgp gom iot, pyridin, luu huynh dioxit vdi t§ 18 s6 mol la 1:3:10 duge
hoa tan trong metanol khan. Thuée thi nay tic dung véi nude theo phuong trinh:

I, + 80, + CH,0H + 3CHN + H,0 - 2C.H,NH* + C{)HSNH’fSO‘lCH‘;

Trong phan ving d6 iot bj khit xudéng iodua cén luu huynh dioxit bi oxi hda tdi phuc
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ctia ion sunfat va la mot trong nhitng chdt tham gia phan Ung dd. Trude kia ngudi ta
thutng nhan ra diém cubi bing mat dya trén mau nau ctia mot giot thude thi du. Nhung
ngay nay ngudi ta thuong ding phan dng trén trong chuin dé dién thé.

Kali bromatl

Kali bromat 1a chit gée, nén dudc ding didu ché Br,, dé xic dinh mét s6 chdt khu
dac biét cac chdt hitu co.

BrO; + 5Br™ + 6H* » 3Br, + 3H,0

Vi dung dich chuén Br, khéong bén, nén dé diéu ch& Br,, ngudi ta thusng thém dung
dich chuin bromat vao dung dich phan tich chia lugng du bromua (KBr) trong méi
trudng axit.

Thi du: Diing phusng phap chudn d bromua-bromat dé xdc dinh thuéc khang sinh
chita sunfanylamit (NH,$0,~C Hs—NH,). D& xsac dinh sunfanylamit ngudi ta cho no
tac dung véi lugng du Br, roi chuin do lugng brom du bang phuong phap iot-thiosunfat.
Cac phuong trinh phan dng nhu sau:

BrOy + 5Br™ + 6H* - 3Br, + 3H,0 (a)
NH, NHBr
+ 2 Br, » + 2H" + 2Br~ (b)
SO,NH, SO,NHBr
Br, (du) + 21" - 2Br L {c)
L, + 2SZO§‘ - S40§‘ + 217 (d)

Mot itng dung nita cia phuong phap bromat-bromua la ngudi ta st dung phuang
phap nay d€ xac dinh gidn tiép Al**. Nguyeén tdc cta phuong phap la nou sau:
Trudc hét két tua Al bing thude thit hitu ca 8 hidroxiquinolin:
14 +9

AP + 3BHOCH,N Al(OC,H N), + 3H* fal

Tiép theo loc rita két tia nhom oxiquinolat dd rai hoa tan nd bang dung dich axit
HCl dun ndng:
HOLAM, ¢ ,
AI{OC,H N}, 3HOC,H N + AP th:
Cu6i cung chudn d¢ luong 8 hidroxiquinolin bing phuong phapbromat-bromua nhu
d¢a xac dinh sunfanylamit:

3HOC,H N + 6Br, » 3HOC,H NBr, + 6HBr (c)
Nhu vay, 1 mol AP+ tuong dudng véi 3 mol HOC,H N va 3 mol dd lai tuong duong
vdi 6 mol Br,, 6 mol Br, lai tuong ducng véi 2 mol KBrO;
1 mol AB* = 3 mol HOC H,N = 6 mol Br, = 2 mol KBrOj.




194

CHUONG 11

SAl SO TRONG PHAN TiCH
XU LY SO LIEU THUC NGHIEM THEO
THONG KE TOAN HOC

11.1. Pinh nghia cdc khdi niém

Trong phan tich viéc danh gia cac két qua la mét trong nhitng buée khong thé thisu
duge cua ede qua trinh phan tich. Trong bude nay viéce tinh sai s6 la quan trong nhit
vi nd cho ta biét két qua phan tich thu duge ding va chinh xdc téi mue dé nao.

Co thé ndi rang khong bao gio ching ta c¢6 thé tién hanh mot phép phian tich ma
k&t qua thu duge lai hoan toan khang méac sai s6. Dieu do cd nghia la ching ta khéng
thé biét duge gid tri thuc caa dai lugng can xdc dinh. Ching ta chi ¢6 thé cd gang thuc
hién phan tich sao cho sai s6 nhd nhat, k&t qua thu dugce cho ta moét gid tri chdp nhan
dudc t6t nhat. Bang phuong phap théng ké toan hoe ta cd thé xde dinh dugc gidi han
trong dd chia gid tri thuc cta dai luong can xic dinh vdi mie dd xac suit cho trude.

Gia sit ching ta tién hanh xéc dinh mot dai lugng nao d6 n lan bing mot qui trinh
phan tieh duy nhat {ta ndi phép xdc dinh duge lap lai n lan), cho ta cdc két qua tuong
ung x;, x,, xj,..., x,. Gia trj trung binh s6 hoe x:

X, +x, +x, +...+ x .
7= 1 2 3 n (11.1)

n

thuong khac véi gia tri thue # cua dai luong can xic dinh.
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Hiéu s6 giita gia tri trung binh x va gia tri thuc y (hoac gia tri duge chdp nhan dang
tin cay nhdt, vi kkong bao gio biét dugc gia tri thuc) duge goi la sai 88 tuyét déi, ki
hiéu la «¢:

=x —u (11.2)

Sai s6 tuyét d&i khong cho ta thdy mic d6 gan nhau cia gia tri xdc dinh duge va
gia tri thuc, tdc la khéng cho ta thdy dung duge d6 ding cia phép phan tich. D& bist
duge d6 dung cia phép xdc dinh ngudi ta thudng diing sai s0 tuong doi.

Sai 6 tudng déi S 1a ti s6 gilta sai s6 tuyét d6i ¢ va gid tri thuc u hoac gid tri trung
binh x:

(11.3)
H x

Théng thudng sai s¢ tuong déi duge bi€u thi theo phan tram:
£.100 e.100 '
S bt = —
i x

Thi du. Khdi lugng ctia chdt A chita trong mot méau la 45,2 mg eua chit B chia
trong mo6t méu tuong tu la 215.4 mg. Gi4 tri xac dinh duge theo ciing mot phuong phép
ham lugng cia A 1a 45,8 mg va B 1a 216,0 mg. Nhu vay, sai s8 tuyét ddi khi xac dinh
A va B déu nhu nhau bang +0,6 mg. Nhung ta thiy ngay la phép xac dinh B duing hon,
vi xdc dinh 216 mg méi chi sai 0,6 mg trong khi dé khi xac dinh A thi chi vé&i 45,8 mg
da sai s6 0,6 mg. :

Sai s6 tudng d&i sé& chi ra viéc xdc dinh B chinh xde hon xac dinh A

Vai A S% = (+0,6/45,2).100 = 1,3%

Véi B S% =(+0,6/216,4).100 = 0,3%

Tuy thudc vao nguyén nhan gay ra sal 6, ngudi ta ding khai niém sai s6 hé thong
va sal s6 ngdu nhién.

Sai s6 hé thong hodc sai s6 xde dinh la nhiing sai s6 do nhiing nguyén nhan ¢6 dinh
gay ra, vi vay né luén cé ddu duong hoac &m. Sai s6 hé thong cé thé€ do chinh phuong
phap khéng ding (do céc dung cu do khdi lugng nhu can, cdc dung cu do thé tich nhu
buret, pipet hodc binh dinh mdc khéng ding thé tich trén vach chia, do hda chit khong
tinh khié&t, do xac dinh ndng d6 dung dich chuén sai, do ngudi tién hanh phan tich khong
cé ki nang ngh® nghiép, thidu kinh nghiém phan tich).

Sai 6 nghu nhién 1a nhitng sai s6 gy nén bdi nhitng nguyén nhan khong cé dinh,
khong biét trude, thay d6i khdng theo quy luat, khi duong, khi am. Thi du, do nguoi
phan tich mot lic nao dd thidu tap trung hoac ti€n hanh thao tac doi khi thiéu can thén,
sy thay d6i vé nhiét do, khi quyén noi lam phan tich...

Ta cd thé tim dugc sai s6 hé thong, tit dd loai trif duge nguyén nhan gy ra sai s8
dd bang nhing bién phap thich hop nhu sita chita hiéu chinh dung cy may mde, pha lai
va ki€m tra lai cde dyng cu chuén, digu ché lai hoa chdt dung lam thudc tha v.ov...

Dé6i véi cac sai s6 ngiu nhién ta khong thé biét trude dé loai trif cac nguyén nhan
gdy ra nd ma chi c6 gang dé gidm sai s6 dd toi muc t6i thiu bang cdch phan tich cén
than va tang s& lan phan tich rdi cubi cung xir )i cédc 36 liéu bang phuong phdp thong
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ké todan hoc,

Sai 56 hé théng phan anh d¢ ding cia phuong phap phan tich, sai s6 ngiu nhién
phan anh dé phéan tan cta cdc két qua phan tich tuc 1a do léch giita cac gia tri riéng 18
va gid tri trung binh, tdc 13 phan dnh d¢ lap lgi.

Hinh 11.1 cho ta hinh dung v& d¢ ding va da 1ap lai cia phuong phap phan tich:

a) dd lap lai va do ding déu thap;

b) db ding cao, nhung d¢ lap lai thap;

c) do lap lai cao nhung dé ding thap;

d) dd dding cao va d¢ lap lai cing cao.

Hinh 111, Do ding vi 46 13p lai cta phwong phip phin tich,

Sau day ching ta néu ra nhing khai niém toan hoe cd lién quan true tiép dén viée
xUt li cac dit kién thue nghiém theo phuong phap théng ké toan hoc.

11.2. Cdc dai lugng trung binh

Trung binh s6 hoc
Gia st tién hanh n lan phan tich duge cac gid tri ctia mot dai lugng nao dd (co thé
duong, 4m) Xy, X3, X3,..X,. Gia tri trung binh s6 hec x, duge xic dinh bang hé thuc:

x, + X, +...+ X,
x= (11.4)
n

Trung binh binh phuong

Gia si ti€n hanh n lan phan tich lap, duoc cac gia tri Xy, Xy, X3,...,%,. Trung binh
binh phuong 1a can bac 2 téng binh phudng cac gia tri d6 chia cho n, tic la:

- xf + a2 4.+ al x?
Xy, = = \[— (11.5)
1‘)
n n
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Trung binh nhin

Gi4 sU sau n lan phan tich ta dugc cac gid tri x), x,, X5,..., x,. Trung binh nhén la
gia tri duong can bac n cua tich s8 cdc gia tri do, tue la:

=V x x,.x,. {11.6}

nh l
Théng thudng trung binh nhan dugc bi€u thi duéi dang logarit thap phan dé tién
cho viée tinh toan:

X

_ logx, + logx, + ...+ logx,
logx, . = n (11.7)

11.3. Cac dai lugng dac trung cho dé phan tan

Khi tién hanh nhidu phép phan tich, tuc la ti€n hanh lap lai thi nghiém, ta thu dugc
mot day cac dit kién thyc nghiém. Cac khai niém sau day dac trung cho do phan tan
cla cac dit kién do.

D& leéch trung binh

>l - x

d=——— (11.8)
n

Phuong sai

Phuong sai la trung binh cong cia cac binh phuong nhitng hiéu gilta cac gia tri riéng
1é va cac gia tri trung binh, tic la:
8§ = (11.9)
n-—1
trong dd, n 1a s Ian thi nghiém va n ¢6 gid tri nhd, nhé hon 20. » — 1 duge goi 1a béc
ti do. Néu n 16n hon 10 thi cd thé boé qua 1 canh 2 va (11.9) trd thanh:
Dix; — w)?

n

2

(o] (11.10)

Trong d6 S2 va o° ddu duge goi 1a phuong sai la nhiing dai lugng rdt quan trong
dac trung cho dé phan tdn dung d€ tinh sai s6 ngdu nhién.

D¢ léch chudn hay sai s6 bink phuong trung binh
Do léch tiéu chudn hay sai s6 binh phuong trung binh bang can bac 2 cia phuong

sai:
Six, — x)?
S= —— (11.11)
n—1
WD EAE 10)?
g=\ —
n

Day la dai lugng dac trung cho d6 phéan tan va duge dung dé chi mitc do sai sd ngéu
nhién.

Téng s6 (x; — %)? trong cdc cong thic (11.9) va (11.11) thuong duge tinh theo cac
bi€u thic toin hoc tuong duong sau day:
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(Tx)?

H

Sy - 0% = Ta? - (11.12}

Do léch clia gia tri trung binkh

Phuong sai ctia gia tri trung binh bang phuong sai chia cho s6 thi nghiém:
52
SI}Z _— (11.13})
n
Do dd dé léch cha gia tri trung binh:

s
S; =
Tovm

(11.14)
H¢ s6 bien dong

Gia s tidn hanh phan tich lap lai n Ian, ta dugc cdc gia tri két qua x|, x,,..x,. T
cdc bigu thiic toan hoc duge trinh bay d trén ta tinh duge x va §. Hé s6 bién dong v cua
phuong phéap phan tich duge xdc dinh bang hé thue:

5.100
vo= % (11.15)

X

Nhu vay, chung ta ¢é thé tinh hé s6 bign dong theo do léch chuin va nguge lai.
11.4. Cac loai phan bé
Phan bo thue nghiém

Gia si d€ kiém tra thé tich cta pipet thé tich 10ml ta ti&n hanh can thé tich cta
pipet. Ching ta tién hanh 50 lan can ghi cdc két qua vao moét bang. D& thidy duge quy
luat phan bé cdc két qua thyc nghiém d6 ta dung phuong phap do thi. Trén truc hoanh
ta bi€u thi gid tri thé tich pipet (bing cach chia cac gia tri khdi lugng nude can duge
cho khéi lugng riéng ctia nuéc) con trén true tung ghi tan s tdc 12 s6 phan tram xuit
hién titng két qua so vdi téng s6 lan xdc dinh 'thé tich, ta sé duge dd thi bidu thi su
phan bo thuc nghiém. Trén bang 11.1. ghi tan suat phan bd cic két qua tinh duge ti
cac két qua thu duge ciia 50 Jan xac dinh dung tich pipet. Hinh 11.2 14 dudng phan bé
thuc nghiém.

Bang 11.1. Thn suit phin b cdc k&t qua thire nghiém

Khodng thé rich, mi S8 130 xudt hicén % Xuit hién
G969 1i Y971 3 0
Y962 tdi 9974 1 2
9975 i 9977 7 14
YUTE i 9980 Y 18
9981 167 9.983 13 26
G984 101 Y 986 7 14
YT 1 DURY 5 10
9,990 (¢ 9,992 4 8
9,993 1&i 9.995 1 2

_
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04 r

fz}- A /
8L P g1

4t / \ | e
, ‘

9969 1 9,972 ' 9975 ) 9,978 | 5,981 | 9984 | 9,987 | 9990 g9 -4y
9911 9914 3917 9,980 9,981 9,985 3,989 9992 9,995

A)

Hink 11.2. DPwirng phin ha thwe nghiém (A) vd dwdng phin ba chuin Gauss (B) .
Phan 66 chudn hay phan b6 Gauxo (Gauss)

Thong thudng néu sai sd cia phép phan tich 1a sal s6 ngdu nhién thi do thi biéu
dién su p..an bd cac két qua thu duoc nhu thi du trén day sé cd dang ddi xing.

Theo }i thuyét toan hoc vé x4c sudt théng ké thi trong cdc loai phan b8 quan trong
va phé bign nhat 1a phan bd chudn hay phan bs Gauss. Cac dai lugng ngdu nhién trong
héa phan tich thudng tuén theo phan bé nay.

Cing theo li thuyé&t todn hoe, n s6 lan thyc nghiém vé cung ldn, tic la n tién toi vo

cung thi ham phan b chufin sé c¢d dang nhy sau:
1 0.5 (f;—”jz
y=——c¢ -

(11.16)
ovin

“r
e
&
1
q -
+
S k-

f].f 35

Hinh 11.3. Phiin bg chulin hay phan bé Gauxo.
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trong dd, s la gia tri thye, x 1a gia trj thuc nghiém, o 12 d6 léch chudn, ¢ va o 1a nhitng
s6 thuc, duge goi la tham s6 phan bs, y 1a ham s6 cta x chinh 1a tan s§ cia gid tri x
hoac xdc sudt ciia x. Him phan b6 ¢ oyc dai 6 x = #vacacdiEmudn dx, =4 — o va
X, =1 + o

1
Theo phuong trinh (11.16), gid tri cyc dai cua y bang T gia tri d¢ cang Ién,

néu ¢ cang nhoé thinh 11.4), hay ndi cach khdc, d6 lap lai cang cao, nghia la s8 cac gid
tri thu duge gan gia tri thue cang nhigu. Dién tich cia hinh tao bdi dudng cong phan
bS va truc hodnh bang 1 gém céc gid tri x tif —co dén + .

Hinh 11.4. Dang cha dwong phin bd chulin phy thude vio dd lech chutin.
L I p

Dién tich gisi han trong khodng +20 1a 0,9546, trong khoang =30 la 0,9974 nghia
la chi c6 0,3% tdng s6 cac gid tri nAm ngoai giéi han +30. Vi vay, ngudi ta thudng ding
qui tic 3c d€ phan biét dai lugng ngiu nhién (sai s6 ngiu nhién) vdi cac dai lugng ha
thdng (sai s6 hé théng) hoac d& phat hién sai s§ the.

11.5. Bién gidi tin cay
Né&u sai s6 ngiu nhién tuan theo phan bs chusn, thi c6 thé xac dinh duge bién gidi
tin cdy, tic la khodng trong dd chia gia tri thye H

_ a
f#o=x x 0,67 vai xdc sudt 507
n
_ a
#=x x 1,96 vdi xdc sudt 95%
n
4 =x =+ 258 vfii xdc suat 997
vn

Tuy nhién, trong thuc tién phan tich, s§ thi nghiem thuing nho, 46 léch chuin
thudng dugce tinh theo cong thiic {11.11), nén phai ding cac chudn khac. D6 la chudn
student ¢ d€ tim bién gidi tin cay
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= = vn €11.17)

Gia tri ¢ phu thude vao 86 bac ty do 2 = n — 1 va vao xdc suit tin cay P. S8 thi
nghiém cang nhod, xac suat P cang 16n thi gia tri £ cAng 10n (xem phu luc 11.1).

Phy fnc 111, Gid tri ivng v&i 90 tin ¢y P visd hiictwdo k =n — 1

!J
K

009 093 099
1 631 12,7 637
2 292 4.3 992
3 235 3,18 584
4 2.3 278 4,60
3 201 257 103
6 IES 245 371
7 189 236 350
8 186 251 336
b 183 2206 325
10 181 223 317
15 L75 2,13 295
20 173 206 279

Tu bi€u thic (11.17), ta cd:
_ t8
Ho=x &t —— (11.18)
vn
hoac ) H=x*e
1
trong dé ¢ =+ £. S — labién gidi tin cgy nhu vay gia tri thuc # nam trong khoang
n

Xx — & < p < x+ ¢ véi xdc sudt tin cay nao d6; ¢ dugc bi€u thi theo don vi tuyét dai
nhu x, 1. Néu bi€u thi ¢ theo don vi tuong d6i (phan tram) thi ta co:

£.5.100
g = — {11.18%)
xvn
$.5.100
va (11.18) cd dang: t = x £ ———— (11.19}
XvVn

11.6. Kiém tra thdong ké cac di kién thuec nghiém

Cong viéc nay thudng gom nhitng giai doan sau:
Ding chuin @ hoidc chudn Dison dé€ ki€m tra cac du kién nghi ngd, loai bo cac gia
tri méc sai s6 thé khi s8 thi nghiém » nhdé hon 10.
Chudn @ dugc tinh theo cong thite;
| T X I

@Q=— (11.20)

Xomx — Fmin
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trong d6 x, la gia tri nghi ngy, X, la gia tri 1an can canh X, vax
vai gia tri nhé nhat, 1dn nhAat,

min® max tuong ung

Pirg fue 1.2, G tri Q g véi d tin ciy P vl 50 19n do n

n 09 095 099
3 . 08y .94 099

068 077 089
5 056 0,64 0.76
o 048 056 0,70
7 0,43 051 0,63
8 040 048 0,58

Trude hét tinh gia tri @ thuc nghiém (@) sau dd so sanh véi gia tri Q li thuyét
(@)} (xem phu luc 11.2). Né&u Q,, lén hon @), can loai bd gia tri x, va ngudc lai. Sau
khi ki€m tra cac gia tri 16n nhat va bé nhat can ki€m tra ti€p cdc gid trj tiép theo.
Thi du ‘

Nhimmg két qua xac dinh ham lugng % Fe,0, trong mét loai miu la: 2,25; 2,19; 2,11;
3,21; 2,38; 2,32. Co nén loai bs gid tri nao khong?

Trude hét sip xép cdc gid tri theo thd tu tang dan, ta thdy gid tri bé nhat la 2,11
va gia tri 16n nh4t la 3,21. Kiém tra gia tri 3,21,

3,21 — 2,38
n =————— = 0,75
3,21 - 211 :

Tra phu luc 11. 2 thdy wng véi n bing 6 va P = 0,95 thi @,, = 0,56. Vi @, lan hon
Q) nén can bd gia tri 3,21. Sau dd ki€m tra cic gia tri 2,11 va 2,38, ta thdy cac Q.
déu nhé hon @, nén chung déu la cdc gia tri dang tin cdy. Vi da bo di mét gia tri 2,11
hoac 2,38 thin = 5 va x,.. =238

Chudn F fchuén Fiso)

Chudn nay dung d€ so sanh dé lap lai cla hai day thi nghiém bang cach so sanh ti
80 cda hai phuong sai.

F=e—— (11.21)

trong dd: 5% 1a phuong sai 16n hon ung voi s6 bac tydo k) =n - 1.
S 1a phuong sai bé hon dng véi bac tu do k) = n, — 1. Do dd, F luén bé hon
1. Trong phu luc 11.8 1a cac gia tri F i thuyét 1ing véi xdc sudt tin cay P = 957,
Thi du
Theo két qua cda 6 lan phan tich ham lugng CaCO, bing phuong phap A, ta tinh
duge d¢ léch chudn cia phuang phap nay la 4,3 mg. Theo 5 lan phan tich theo phudng

phdp B ta tinh duge do léch chudn la 2,1 mg. Hoi dé6 lap lai cva cic phuong phap co
déng nhat khong?
4%

In 2 12

= 4,19
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Theo phu luc 11.3, dng v6i &, bang 5, k, bang 4 thi F|, = 6,26. Véi d6 lap lai cia
hai phuang phép la déng nhit.

Phy fuc 11.3. Gid tri g viévi 4o tin cdy P = 0,95 i e s0 hac ty do
kl =n - 1 v:‘lk: =n, - i.

"_;:2\ A\]\ l 2 3 3 3 6 8 i 12
L 01 200 216 225 230 234 239 242 244
2 18,51 19,00 19,16 19,25 1930 1933 937 19,29 19,11
3 10,13 955 Y28 9,12 9,01 894 S84 873 874
4 771 694 6.59 639 626 6,16 6.01 596 591
5 661 579 541 519 505 195 482 474 4,08
o 399 5,14 470 153 139 428 415 106 100
7 539 474 433 1,12 397 187 173 363 157
% 532 146 407 384 169 358 344 134 323
) 512 426 136 363 348 337 323 313 307
10 496 4,10 571 348 323 322} 307 297 231
1 184 398 354 336 3210 309 295 286 279
12 475 288 349 326 | 3.1 300 285 276 269
IS 454 308 329 306 290 279 264 2,55 248
20 435 349 310 287 271 260 243 235 228
]

Tim sai s6 hé thong

Dé tim sai s6 hé théng trudc hét ta tim gid tri thuc nghiém, sau dd so sanh véi gia
tri ¢, (phu lyc 11.1) dng vai xde sudt 0,85. Néu ¢, tic la £ vad ¢ khdac nhau kha nhiéu
thi dd 1a sai s6 hé¢ thdng gay ra.

Thi du. Nhitng két qua phan tich khdi lugng ciia nguyén té X 1a 53,2, 53,6, 54,9 52,3
53,6 va 53,1 mg. Héi phuang phip phan tich ¢ méc sai s6 hé thong khong néu-gia tri
thuc cua X duge coi 14 56,5 mg.

Trudc hét ta kiém tra theo chudn @, ta thdy khong can bo di gia tri ndo. Sau dd ta
tinh:

. : 2 X
1 - Gia tri trung binh 88 hoc: x = = 53,45
n
S (x - ®)?
2- D5 léch chuan: S ={—— = 1,25
n—1

|% - | ¥n

3 - t,. = =47
S

Theo bang P = 0,95, & bang 5 thi ¢ bing 2,57. Vay phudng phap méc sai s hé thong.
11.7. Ddanh gid két qua phan tich theo thing ké

C6 hai trudng hop. Trudgng hop chua biét hé s& bién dong hodc dd léch chuidn cla
phugng phap.
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Thi du
Theo 5 lan phan tich ham lugng Al,04 ta thu dugce cac két qua phan tram Al Oy

2,25, 2,19, 2,11, 2,38, 2,32. Vay ham lugng thue cua Al,O; nam trong gidi han nao véi
xdce suat 0,957

Ta thue hién cdc bude sau:
1- Kiém tra theo chudn @ : Khoéng bo di gia tri nao.
2- Tinh x: x = 2,25

, Dlx; - x1)?
3- Tinh S: §=}— =011
n -1

4- Tra ¢, dng v6i P = 0,95 van = 5 thi ¢, = 2,78
.S
5- Tim bién gidi tin cay: e =—— = = 1,14
n

6- Két luan: Ham lugng 7% AlL,O; ndm trong khoang: 2,25 + 0,14 tic la ft ndm trong
khoang 2,11 + 2,39%.,

Trutng hgp biét hé s6 bién déng hoac dd léch chuén.

Thi du. K€t qua phan tich 4 1an ham lugng Mn theo mot phuang phap 1a 0,33; 0,32;
0,33 va 0,34%. D¢ bién déng cua phuong phap 1a 5%. Xac dinh ham luong mangan vai
dé tin cay 0,95,

1- Kiém tra theo @: Khong bé gia tri nao
v.x
2- Tinh d¢ léch chuin: 8 = = 0,02
100
£8
3- Tinh bién gidi tin cay: £ = — = =+ 0,02%
vn

4- Ham lugng thuc cia Mn:

# = (0,33 £ 0,02}
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PHAN THU HAI

CAC PHUONG PHAP CONG CuU

Cho dén hién nay nhdm cac phuong phap cdng cu ngay cang duge cai tién va phit
trién vi nhitng dac tinh wu viét clda ching nhy nhanh, nhay, chon loc... Co s& ciia loai
Phuong phdp nay la nhitng tink chat vat Iy ¢ thé st dung trong phan tich dinh tinh
hoac dinh lugng va duge goi chung 1a nhitng tin hieu phan tich.

Céc tin hiéu nay rat phong phi va da deng. Ta 6 thé ké:

- cac tin hjéu vé phat xa (ding trong cac phuong phap phd phat xa, phat quang..)

- cic tin hiéu va hdp thu bdc xa (dung trong cac phuong phép so mau, do quang,
quang &m, cong hudng tir hat nhan va ¢ong hudng spin electron)

- cic tin hiéu va tan xa (ding trong cac phudng phap do d4 due, quang phd Raman)

- cdce tin hiéu vé khuc xa (dung trong c4c phuoeng phap do khuc xa, giao thoa)

- ¢de tin hiéu vé nhiéu xa (dung trong cac phuong phap nhiéy Xa tia X va nhiéu xa
electron)

- cdce tin hiéu ve dign th&, dién tich, dong dién, dién tré (dung trong -ac phuong
phap do dién thé, do tha; dién thé, do culong, phuong phdp phé cue, ampe, do dé din..)
- CAc tin hiéu vé ti 16 khei lugng/dién tich (diing trong phudng phap khei phd)

- cde tin hiéu ve van tdc phan ting, v& nhiét, ve phong xa (diing trong cdc phuong
phdp dong hae, do d6 dan nhist, entalpy, phuong phédp hoat hda va pha loang déng vi..).

Do qay thai gian han ché cua chuong trinh hién ¢.ng dude dp dung cho cac truding
dai hoc va cao ding, do co s¢ vat chdt hién hitu @ cae phong thi nghiem tuong ing con
chua cap nhat, va do kLai lugng han ché cua cusn sach nay, ching t8i chj xin phép duge
gidi thiéu & day mét s6 phuong phap quan trong trong s§ da néu trén voi néi dung tom
luge vé nguyén tic cua phuong phap, cdng cu va mot s6 Ung dung thyc t&.
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Cu thé 1a phan nay sé gom 12 chuong gidi thiéu cde phuong phap phan tich quan
trong phd bign dua trén cac tin hidu vé dién, vé quang d6i vdi phan i, nguyén td va
mdt s6 vaAn d& co ban vé chiét va sac ky.
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con 12

PHUONG PHAP DO PO DAN DIEN

12.1. Dac di€m cuaa phuong phdp do do din dién

Phuong phap phan tich do d¢ din dién 1a phuong phéap phan tich dua vao viéc do
d6 dan dién cua eac dung dich dién li. D6 dén dién cia dung dich dién li gay bai sy
chuyén dong cia cac ion. Khi ta lap hai dién cue vao dung dich dién li réi ndi hai dién
ctc v4i ngudn dién mot chidu, ion duong s& chuyén déng vé phia cuc 4m cia ngudn dién
con ion am sé chuyén déng theo chidu nguge lai, vé phia cuc duong cia ngudn dién.
Nha sy chuy&n déng nay cua cac ion ma dung dich dién Ii din dién. Nguoi ta goi dd la
hién tugng din dién bang ion. D& do kha nang cho dong dién chay qua dudi tic dung
cua dién truong ngoai, ngudi ta diang khai '
niém 46 dan dién. Kha nang cia mét dung
dich dién li cho dong dién chay qua rd rang
1a phu thudce d5 linh dong cta cac ion trong
dung dich, ma d¢ linh déng ctia cac ion lai

phu thuée kich thuée, dién tich, khai lugng + @ ’ —
kha nang tao solvat ciia ion véi dung moi.
Cde y&u t8 vita néu trén lai phu thude ban C

chat cac ion, hay ndi cdch khac d¢ dan dién

cia ion phu thudc thanh phan cac ion cd

trong dung dich, d6 chinh ld nguyén tic

chung cia phuong phap phan tich do dd Hinlt 12.1. So &0 dich chuyén ion
dan dién. vii diin dién bing ion.
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Don vi do do din dién la simen, ki hi¢u 14 §:18 = 1A/V. Simen chinh la nghich dao
cia dién trd Q : 18 = Q! D6 dé&n dién thudng duge st dung trong phusng phap do truc
ti&p ciing nhu do gian tiép trong phuong phap chudn do do dan dién.

D5 din dién cua dung dich dién 1i thudng duge bi€u dién thanh dé din dién riéng
va d6 dan dién duong lugng.

12.2. PO din dién riéng va do din dién duong lugng
12.2.1. Pé din dién riéng

Do din dién riéng la'dd dan dién cda mot 1dp dung dich chit dién li gitta hai mat
d8i nhau cta moét khéi lap phudng mdi canh lem. Do dAn dién riéng y ctGa dung dich
bang nghich dio cla dién trd riéng (hay con goi 1a dién trd suit) cia dung dich

1
¥y =— , S/em {(12.1)
p

Do dan dién riéng dude do bing don vi simen/em (S/cm).

Trong cdc dung dich loang, do dén dién riéng tang khi ting noéng do chat hoa tan.
Khi ndéng do C cta dung dich tang dén mic dé di cao thi do din dién riéng dat dén gia
tri cuc dai sau dd lai gidm. Trén hinh 12.2 néu lén vai thi du dac trung vé sy phu thude
cua do din dién riéng vao ndng 46 cha vai chat dién li.

Tit hinh 12.2 ta thay vai cac chat dién i yéu
thi dé dan dién thap hon cac chdt dién li manh &

trong cung khoing ndng d6. 8¢ di khi tang nong Sfem

do6 chédt dién li thi do din dién tang vi nong do cdc

ion trong dung dich tang. Nhung véi cac dung o6r f

dich ¢é néng do qua 1on sé xudt hién cac hidu Ung 2

khac lam gidm d6 din dién. Trong cdc dung dich ae ‘
cd ndng d6 16n, khi tang ndng do sé tang luc tuang 07

tac gilta cac ion va sé tao thanh cdc tap hap ion, ’

cac cap ion. 0O dung dich c¢6 nong dé lon khi tang —

ndng do thi d6 nhdt cia dung dich cing tang. Tat 5 g0 < melft

¢ cac hiéu dng vita néu trén dua d&n hé qua la

d6 dan dién cla dung dich bi giam va ia nguyén Hinh 12.2, P din dién cic chit:

nhan Vié‘.c xudt hién cuc dai trén du’fjng cong g - 1- HCE 2- KOH: 3- “(‘“1,(‘()(}

C.

[2.2.2. Pé dan dién dwong lwong

Theo dinh nghia dé din dién duong lugng la do din dién cta 16p dung dich chat
dién )i cd be day 1 em, & giita hai cuc cd cung dién tich dat song song thé nao cho lép
dung dich gita hai dién cuc phai chia 1 mol duang lugng chat dién Ii haa tan. Ngudi
ta thutng ky hiéu do din dién duong luong 13 2. Gita A v db din di¢n riéng y oo moi
quan hé:

1000 ¥
A= ——— hay il =¥V, (12.2)

-+

trong do: C- nong d6 chit hoa tan, moli};
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V- thé tich dung dich ch&t dién li tinh bing mililit. V ml dung dich nay phai
chia ding 1 mol ch4t hoa tan. Trong pham vi dung dich ¢6 néng do khong qua lén, do
dén dién duang lugng A tang khi néng d6 gidm va tang nhiet d¢.

Vi cde chat dién li manh (phan li hoan toan) va véi dung dich loding (ndng d6 103M
hoac bé hon) ngudi ta tim thdy méi lién quan giita 2 va néng do duge bidu dién bang
hé thye:

=1, - aVC, (12.3)

A, d6 dan dién duang lugng giéi han dng véi d6 din dien caa dung dich pha loang
vé han;

a- la mdt hing s4.

Ms5i lien hé nay duoc bi€u dién trén db thi &
hinh 12.3. Tu hinh v& cho thay vei su gidm ndng
dd chat dien li tang lén va dén do pha lodng vé A
han sé tién dén gia tri gisi han A, 2

Vi cdc dung dich loiang vé han, ta ¢6 thé bigu A
dién d6 din dién duong luong giéi han A, bang \
tong do linh dong gidi han caa cdc jon .

A, = AU(+) + A“(_) (12.4) ~

Phuong trinh (12.4) duge goi 1a dinh luat ~
chuyén dong doéc lap eha cac ion. Phudgng trinh
(12.4) cling dude goi 1a dinh luat cong tinh cia do
din dién pha loang v6 han dude Konraoso
(Kohnrausch) phat minh nam 1879. Hinh 12.3. Sy phu thuje 4 véi ndng di:

O nhist do trong phéng (25°C), cdc ion trong I chit dién I manh; 2- chiit dién i y&u.
dung dich nudec cd do linh déng trong gisi han
30+70 S.em?.mol'!. Chi ¢6 cac ion H* va OH- méi o d9 linh déng 16n han gigi han nay.,
(A" = 350, 1;,- = 199 S.cm2/mol)

Bing 12.1. B6 diin dign dwong lwong cia m{t sG lon trong dung djch lodng v hun (259C)

Cation "B6 din dién duong Anion 10 dan dién dwong
lromg &, Semé/maol lwong 4, Sem</mol
1 344, 8 on- 986
Lit 3 1= 55
Nat 50 cr 76
K* 74 Br- 78
NEY 73 I- 77
Cat* o0 NOT 71
#n?t 53 C1LCO0™ 4]

D6 din dién cta dung dich tang theo nhiét d6. V6i dung dich nuée, do dan dién
dung dich tang 2+35% khi nhiét do tang 1% Su phu thugc nhiét dé cia dé linh déng

cla eac ion ¢d thé bigu dién bang phuong trinh:
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A8 = '10(25") [l + alt — 25)}]. (12.5)
a la hé sé phu thudc ban chat ion va dung méi.
12.2.3. Chd't dién li trong tricirng dong cao tan

Cdc dong dién cd tan sd cd vai megahec hay hang chuc megahec duoge goi 1a dong
cao tan. Duéi tac dung cia dong cao tan, trong dung dich xudt hién hiéu dng phan cyc
phan t hay hidu ing phan cuc bién dang va phan cuc dinh hudng. Trong dién truong,
céc phan t cd cyc cd xu hudng hudng cdc ludng cuc dién phén td theo chiéu cua dién
trudng, ngudi ta goi dd 1a su phan cuc dinh hudng. Su phan cyc nay sé& tao mot dong
dién trong thoi gian ngén (dong dich chuyén). Su phan cuc phin tu (phan cuc bién dang)
dan dén sy thay ddi thuc sy vé hang s6 dién mdi va dé tu thdm cda dung dich, digu dé
md ra kha nang moi vé viéc nghién cdu tinh chét ciua dung dich khi dinh phan.

12.3. Cdc thiét bj cua phuong phap do dd dén dién

Trong phucng phip phan tich do dé dan dién, vé &
nguyén tic ngudi ta ding loai cau do dién trg, thi du
ciu Wheatstone. Digu khac biét d day 14 ngudi ta khéng R R
dung ngudn dién mot chidu ma ding ngudn xoay chidu or
d€ cap nang lugng cho cau lam viéc (dé tranh hidu ding A 8
phan cuc lam sai léch k&t qua do). Theo so do nay dién ¢
trd can do R, cd thé duge tinh theo cong thie: \‘—®é_—
RZ l2
Ry =Ry .— =Ry . —, (12.6)
R, . Hink 12.4. Ciu Wheatstone,

trong dd: /|, I, 14 chiéu dai cta hai canu .on chay
trén bién trd day cang, cdc dién trd R, va R, trén
hai phan bién trd day ti 1é véi cac do dai I, va I,
tuong ing; Ry,- la dién trd da biét theo hop dién
trd (hinh 12.4).

Ngay nay da cd cac loai may do dién trd lam
viéc theo so d6 cAu can bang dién tu vdi cdc may
chi thi dém s8.

Ctéc dung dich chit dién li cAn do 40 dén dién
thuong duve chda trong cdc binh do khdc nhau:
Trong phuong phap do dé din dién truc tiép ngudvi
ta ding loai binh do cd cdu tao riéng (hinh 12.5a),
cac dién ctue duge gAn chat vao binh do, Trong
phuong phip chuén do d6 dan dign, ngudi ta
thuong dung loai dién cuc nhing cho phép tién
hanh dinh phan vdi mot loai binh bat ky (hinh 12 5b).

Hinh 12.5. a- binh do c6 dién cue cd dinly;
h- dign cire nndng.

12.4. Cac phuong phap phan tich do d¢ din dién
12.4.1. Phuong phip do truc tiép

Phuong phép truc tiép do do dan dién duge si dung cho cidc dung dich iodng, trong
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mién ma dé din dién riéng cia dung dich con ting theo ndng do. Trong thue t& ngudi
ta thudng xac dinh néng dé chung ctia cac ion co trong dung dich ma khéng thé phan
dinh nong d¢ cua ting loai ion. Nong d¢ ion trong dung dich, thutng duge tinh theo do
thi chudn y — C, dé dan dién riéng y duge do theo néng dd ciua moét jon nao dd da chon,
Vi d¢ linh dong cta cdc ion trong thuc t& cd gia tri gan bang nhau nén viée do do din
dién chi cho cdc thong tin va nong do chung cua ion trong dung dich. Tinh chon loc thép
cia phuong phap truc ti€p do dé din dién ¢S han ch& viée su dung phuong phdp nay
cie mue dich thuc tién.

12.4.2. Phuwong phdp chudn do d6 dén dién | _

Trai véi phuong phép trye ti€p do 6 dan dién, phuong phap do dé dan dién duge
diung kha pho bién dé xac dinh diém tuong dudng cta cac qua trinh dinh phan l1a
phudng phap chudn (hay dinh phéan) do d din dién. Trong phuong phap nay, ngudi ta
tién hanh do d§ din dién cla dung dich phéan tich sau méi 14n thém ting phan dung
dich chuén vao dung dich phan tich. Viée xéc dinh diém tuong dudng ctia qua trinh dinh
phan duge thyc hién nho x4y dung dé thi hé toa d6 x ~ V (V- thé tich dung dich chudn
thém vaoc dung dich phan tich, x - dd din dién riéng clia dung dich phén tich do duge
sau moi lan thém dung dich chudn)

Phuong phdp chudn do d6 din dién thudng duge dung cho cdc phan tng phan tich
ma trong qua trinh xay ra phan ung c6 1am thay d6i dang ké d6 ddn dién cua dung
dich, hay cd su thay doi dot ngot d6 din dién (thudng la lam tang dot ngot do din dién)
sau di€m tuong duang.

Trong phuong phap chusn do dé dAn dién theo thoi gian, ngudi ta cho dung dich
chudn lién tuc hay titng phan nhé vao dung dich phan tich véi viéc ki€m soat chat ché
thai gian. Dong thoi trén db thi cla bang gidy trén may tu ghi lién tuc hodc ghi ting
diém theo hé toa d¢ ta dude cde chi 86 do ctia may - thoi gian. Cdc chi s6 cda may ti
lé voi 4o dan dién. Trong truosng hgp nay nong d¢ chét phan tich tinh theo thoi gian
tiéu tan cho viéc dinh phan. Bai vi ¢ day téc d6 nhé dung dich dinh phéan la khong thay
doi va duge biét chinh xde, thai gian dung cho viée dinh phan ti lé v6i lugng dung dich
chuan tiéu tén cho qua trinh dinh phan. Y d6 chuin do do dén dién theo thoi gian dude
ung dung dé& ché tao cac loai may chudn do ty dong va di duce san xuat hang loat. Sau
duy 1a vai truong hop dinh phan theo phudng phap do d¢ dan dien.

i- Phan ung axit -

bazo I ¢
Khi dinh phan mot Na® A
axit manh (thi du HCD, /’
bang bazo manh (thi du ct Rt
NaOH) tai mot thsi diém N 7 T T ¢
. . i . . N OH
bat ki clia qua trinh dinh ,>~’\ /
phan trong dung dich cd e SN 8
cac jon H*, Cl- Na*, OH-, V{NaDH) ViNaOH)
con do dan dién ctia dung a &
dich phan tich dugce xac Hink 12.6. a- sy thay d5i ndng o khi dinh phin;

dinh bdéi néng do va ds b- sy thay d6i dé din dién khi dinh phin.
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linh déng cua cic ion. Hinh 12.6a phan Aanh su thay d3i ndng dé cac ion khi dinh phan.
Gid tri Cgy- thuce t& khong thay ddi trong sudt qua trinh dinh phan, con nong dé Na*
tang lién tue. Nong dd H* giam lién tuc dén thuc t& bang khéng tai diém tuong duong,
con néng do ion OH™ thuc t6 bang khong tai diém tudng dudng, sau di€m tudng duong
lai tang dan. Vay do dan dién 9 trudc di€m tuong duong chiu Anh hudng cla hai khuynh
hudng nguge nhau: sy giam do dén dién do sy giam [H*] va su tang 46 dan dién do su
tang [Na*]. Hiéu qua chung ctia hai khuynh hudng nay dugc bi€u dién bing sy gidam do
dén dién cia dung dich @ng vdi nhanh AB (trén hinh 12.6b) & trusc diém tuong duong.
Su giam d¢ dan dién & trude di€m tuong duong do su giam [H*] (& 25°C c6 d6 linh dong
350 S.cmZ.mol!) vugt qua dé linh déng ctia ion Na* (50 S.em2.mol!). Sau di€m tuong
dudng dé dan dién cua dung dich tang (hinh 12.6b nhanh BC), vi trong dung dich ca
nong dé [Na*] va [OH™] (c6 do linh dong 199.5.cmZ.mol'!) déu tang. Tuy nhién sy ting
d6 ddn dién & phan BC cham hon sy giam d6 ddn dién & phan AB do do linh dong ion
Na* 1a gan hai lan nho hon ion H*. Di€m tuong duong duge xdc dinh biang diém gay
trén dd thi y - V (hinh 12-6h).

Khi dinh phan axit y&u HL bing bazo manh (thi dy NaOH) tinh hinh sé& khac hon
truong hop trén. Hinh 12.7 trinh bay su thay d8i néng dé cac ion trong dung dich cing
nhu db din dién riéng cua dung dich trong qua trinh dinh phéan.

Qua trinh dinh phin xay ra theo phan ung.

HL + NaOH = NalL + H,0

Trong qua trinh dinh
phan ndong 46 cia phan tu
axit khong phan li gidm X
din dén thuc t& gan bang £
khong tai didm tuong -
dugng. .Luc bzilt da:a:u qu? N /L’.f_,_._
trinh dinh phan néng 4% N Vs
L- thuc t& bang ndng do Y aH" 5
H*. Trong qua trinh dinh =z M :\‘

phan néng d¢ [L~] tang ";{"”:0”) L VTN oH)

al) b)

Na®

lén, sau difm tuong
dugng, nong dé [L~] thuc
t& khong thay ddi. Trong
sudt qua trinh dinh phan
(H*] gidm con [Na'] tang
(hinh 12.7a).

D6 dan dién riéng cia dung dich hoi tang d trudge diém tuong duong (hinh 12.7b,
nhanh AB) vi khi dinh phan ndng d% cdc ion Na* va L.~ déu tang, con néng do ion H*
trong dung dich axit yéu va mudi cia nd (hén hgp dém) khong 1é6n, nén viée giam [H*]
trong qud trinh dinh phan khéng gay su gidm dot ngot d6 dan Jién cha dung dich nhu
khi dinh phin axit manh bang kiém manh.

Hinh 12.7. Binh phin axit biing bazer manh: a- sy thay dbi
nbng dé khi dinh phiin; b- sy thay d6i d¢ din dién khi dinh phin.

2. Phdn tng tao két tha

Dang dudng dinh phan cta phuong phdp chuin do dd din dién dung phan ding tao
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két tha phy thudc ndng do, do linh dong va tinh tan cua két taa tao thanh. Tich sé tan
T, cia san phdm phan ing cang bé, di€m uén cua duing dinh phan tai di€m tugng
dugng cang ré. Vi dung dich 6 ndng do 0,1M két qua phén tich s& hoan toan phii hgp
khi tich s6 tan ctia cac chit ¢d hai ion (hop chat khd tan cd mét cation va mdt anion)
nhé hon hoac bang 10-5. Véi cdc chit ¢ do hoa tan lén hon, viée xdc dinh diém tuong
duong cha qua trinh dinh phan sé rdt khé khan vi dudng dinh phan khéng ed diém uén.
Di€m udn trén dudng dinh phan ciing s& khong ré néu ndng do chit phan tich bé. Thi
du khi phén tich dung dich cd néng d& 10-3M thi di€m udn trén dutng dinh phan sé tra
nén khong ro khi hap chat tao thanh cd tich s6 tan 16n hon 102, Khi dua vao dung dich
phan tich moét dung moéi hitu co, tinh tan cua hdp chdt khé tan thudng giam di nén didm
uén trén dudng dinh phin sé trd nén 14 hon.

Anh hudng d¢ linh dong cla cac ion duce thé hién ¢ d6 nghiéng cta duong dinh
phan trude di€ém tuong duong. Néu dé linh dong cia cic jon trong két tia lén hon do
linh dong cia cic ion trong thuée két tua, do dén dién cia dung dich phan tich trusc
diém tuang duong sé gidm dan. Con néu d4 linh dong clta cac ion bing nhau (cdc ion
cua hgp chat k&t tia va cde ion cta thude két tha) thi dd dan dién'cﬁa dung dich sé
khong thay déi khi dinh phan. Cén néu dé linh dong cua cic ion trong thudc két tua
16n hon cic ion trong két tda thi d6 din dién & trude didm tuong duong sé tang dan.
Sau di€ém tudng dudng d6 din dién sé tang trong tdt ¢4 cac trudng hop vi néng do cae
ion trong dung dich tang dan tai sau diém tugng dudng,

Thi du viée dinh phan dung dich muéi tan cta bari bang dung dich muédi sunfat theo
phuong trinh

Ba(NO;), + Na,S0, = BaSO,| + 2NaNO,.

Trude di€m tuong duong, d6 ddn disn cua dung dich sé hoi gidm xuéng vi thay cho
Ba(NO;), (A,3,2+ = 63,6), trong dung dich xuit hién mot lugng tuong duong
NaNO; {4 n,+ = 50,1) nghia la trong dung dich xu#t hién cation ¢6 dé linh dong bé hon
(Na* thay cho Ba2t), Giot Na,50, dau tién du sau di€ém tuong duong sé lam tang manh
dé dan dién cia dung dich vi sy tang nong do cia chit dién li trong dung dich. Duong
nhién la phuong phép chuin do d6 din dién khong h@ loai bé dugc nguyén nhan gay sai
88 von ¢6 trong phudng phap phan tich dung phan ung két tia: sai s§ do hién tugng
hép phu ecta két tGa tao thanh, hién tugng cham két tua v.v... la nhiing nguyén nhan
gay sy sai léch di€m tuong duong vdi di€m két thic dinh phan.

3- Phdn ung tgo phitc chdt v tao complexonat

Dé phan tich néng 46 cac kim loai theo phuong phap chudn do d6 din dién dung
cdc phan ung tao phic chit va complexonat, ngudi ta thudng ding dung dich cac axit,
oxiaxit khdc nhau (axit oxalic, axit tactric, axit xitric v.v...), cdc complexon va céc ligan
khac. Trong trudng hop nay, dac biét quan trong c6 cdc mudi clia axit etylendiamin
tetraaxetic (EDTA).

Thi du khi dinh phan Fe3* bing dung dich EDTA (Y?) sé x4y ra phan ing

Felt + H2Y2_ = FeY™ + 2H*.

Do két qua phan vdng tao complexonat sit, lam thoat ra ion H* nén dd din dién cua
dung dich tang lén. Sau diém tuong dwong do dan dién cta dung dich sé giam, vi ion
H* do phan ng tao complexonat d& thodt ra sé lai lien két vdi H,Y?-.



212 PHUONG PHAP DO DO DAN DIEN

X
. -
!
1
|
! -
1 7t
1 1
7o VMg H,t) L
e V(NaH,t)
@) b)

Hinh 12.8. a- duwirng dinh phiin Fedt biing EDTA; h- dwirng dinh phin Calt
hiing EDTA khi c6 dung dich dém.

H* + H,Y?™ = H,Y™.

Duiing dinh phan sé ¢ dang nhu d hinh 12.8a.

Mt dang khac cia dudmg dinh phan khi chuén cdc ion kim loai bng phan dng tac
complexonat 1a trudng hop dinh phan khi cd mat cac dung dich dém. Trong truong hop
nay ion H* thoat ra sé tac dung vdi cdu tlt nhan proton trong dung dich dém va hau
nhu khéng anh hudng dén d¢ din dién cha dung dich phan tich. Trudc diém tuong duong
d6 din dién chi hoi tang nhe chii y&u do ting néng d6 Na*, con sau di€m tuong duong
d6 din dién cua dung dich sé tang nhanh do sy du dung dich dinh phan {hinh 12.8.b).

4- Phdn ung oxi héa - khi

Phan ng oxi hda - khit it duge sit dung trong phuong phap do d¢ dén dién vi trong
phan dng oxi hoa - khit thutng doi hdi sy cd mat cia nhiéu chit dién li. Trong qua trinh
x4y ra phan vng oxi hda - khit, nhidu chat dién li tham gia phan dng khéng hop thic
va vi vay rit kho cd sy phu thuoc 6 din di¢n theo qua trinh dinh phan mot cach ro
rét. NGi chung dé cd thé ap dung cdc phan ing oxi hda - khit vao chuén do d¢ din dién
doi hoi phai khdng ché digu kién hét sic chat che, dd chinh 1a i do tai sao phan dng
oxi hoa - khtt it duge st dung trong phuong phap chuidn do d¢ dan dién.

12.4.3. Pinh phan vdi ding cao tin

Thiét bi d€ dinh phan v6i dong cao tan
¢ khéac vdi cde thist bi dinh phan theo
phuong phdp do vdi dong cdé tan s6 thap.
Binh dinh phan vdi dong cao tin dugc dat
giita cac ban cua tu dién hoac dat trong long
cudn cam (hinh 12.9). Truéng hdp dau nguoi
ta goi la binh dién phan v6i tu dién hay dién =
dung, cing con goi la binh dién phan kiéu
C. Con truong hop hai ta goi 1a binh cam
tng hay binh kiéu L. Trong binh dién phan
voi dong cao thn, cde dién cuc khong tiép

J - . i e Hinh 12.9. Binh dién phin véi ddng cao tin:
xdc v6i dung dich dinh phan va dd 1a mot , i, gien dung (kitu C); b- kitu dién cm (kidu i)
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trong cde wu di&m ndi bat cia phuong phap, Su thay déi trong binh do két qua clia phan
ung dinh phan sé gay ra su thay déi trong ché do hoat dong ctia mdy phat cao tan. Binh
dinh phan cdm tdng ki€u L cing duge mdc vao mach dao déng (dat vao trong long cudn
cam). Sy thay d8i thanh phan dung dich khi dinh phin sé gay ra su thay d6i d6 cam
Ung cia dung dich va sy thay d6i nay c6 thé duge phat hién nhd cac bo chi thi thich
hop (chi s6 ghi cda dién k&, qua bd vi xu Iy vA qua cdc may do hién s8). Trong loai binh
dién phan kigu C, khi dinh phan sé lam thay d8i 4o dién méi va lam thay déi tan s6
cua may phdt cao tin. Dudng dinh phan theo phuong phap dinh phan voi dong cao tan
dugc xay dung theo hé toa do chi s8 may do - thé tich dung dich chuén. Nh dudng dinh
phan nay ma ngudi ta xac dinh duge diém tuang duong cia qua trinh dinh phan.

12.5. Ung dung cta phuong phap chuin do do din dién

Phudng phap truc tiép do d6 d&n dién rat cd hiéu qud khi kiém tra chdt lugng nudc
cdt trong phong thi nghiém, nuéc trong cong nghiép san xust dudc phdm, hda hoc.
Phuong phap cling duge ding d€ ki€m tra nudc trong qud trinh ]am sach nuéc, danh
gid d6 nhiém ban nudéc thién nhién, nudc trong ky thuat 1o hoi. Disu dac biét 1a vai cac
dau dd va bd chi thi don gian, ngudi ta cd thé lap thang may do vio dudng din nuéc
dé ki€m tra truc tiép, kip thui.

Ngudi ta cling da x4y dung cdc phuong phap xdc dinh lugng nhé cacbon trong thép
theo phuong phip do d6 din dién. Noi dung phuong phap la 46t chdy miu thép trong
dong oxi, hdp thu khi CO, duge tao ra bing dung dich Ba(OH), va do do din dién cua
dung dich. V6i phuong phap nay ngudvi ta cd thé xac dinh ham lugng cacbon dén 102
+ 103%. Ham lugng cacbon duge x4c dinh theo dudng chuin.

Phuong phap do d6 din dién cing duge 4p dung d&€ ki€m tra chdt lugng céc loai
nuGe ubng va cac san pham trong cong nghiép thuc pham.

Uu di€m ctia phuong phap tryc tiép do d6 dan dién 1a cd dd chinh xac kha cao, thiét
bi don gian, dé 1ap ghép vao cdc hé digu khién ty déng trong cdc nganh san xuat thich
hap. Nhung phuang phdp do tryc tiép cd mét nhude diém quan trong la dé chon loc
kém, didgu dd anh hudng dén pham vi Uing dung ctta phuong phap.

Phuong phap chuin do dé din dién cd pham vi (tng dung réng rai hon. Vé: phuong
phdp nay ngudi ta cd th& xac dinh cic dung dich axit, bazo manh dén nong dé nhd
(10-*mol.i-!). Ngusi ta cing d& dang dinh phan axit fomic, axit axetic va cac axit trung
binh khac bing baza manh theo phuong phap chuéin do dé din dién. Pudng dinh phan
cdc axit hitu co (axit succinie, axit adipic...) khi dinh phéan theo phudng phap chudn do
d6 dan dién lai ¢ dé uén ro hon khi dinh phan bing bazd manh. C6 thé dinh phan cace
baze yéu bang axit manh hoac axit y€u theo phuong phap do do din dién. Thi du cd thé
dinh phan dung dich etanolamin bing axit axetic.

Ditu dac biét 1a vdi phuong phap chusn do do dan dién ngudi ta ¢é th& phan tich
hdn hop nhiéu cdu t khi dinh phan trong moi trugng dung moi hitu co. Cac hén hop
dung moi thuong ding la hén hgp nudc - dioxan; nude - axeton; nudc - rugu v.v... Trong
cdc hén hgp dung méi nay ngudi ta cd thé xac dinh hén hop cd 3, 4, 5 cdu tit (thi du
hén hgp HCl + HCH,COO + NH,Cl + C,H;O0H; NaOH + NaBO, + C,H,NH, +
NaCH,COO.. ),

Cac loai phan ng khdc nhu phan ng taé két tda, phan ﬁng tao complexonat cling
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dugc ung dung réng rdi trong phuong phap chudn do do din dién dé& xac dinh cdc kim
loai v mot s6 anien. Thi duy, dinh phan Cl™ béng AgNO, trong dung dich rugu 90% cd
thé xac dinh dén 10 microgam Cl.

Viée diing phan ing tao complexonat bang dung dich EDTA cé thé xdc dinh duge
nhidu ion kim loai nhu Fe3*, Cut*t, Ni?* Co2*, Zn2*, Pb**, Cd?*, Ca*, Ca?*, Mg?* va
nhigu cation kim loai khde. Cac cation tao cdc complexonat rit bén nhu Fed*, Cu?f,
Ni2+, Co2*... c¢é thé dugc dinh phan tif méi trudng trung tinh hodc axit y&u. Ngudi ta
c6 thé€ phan tich bang cach chudn truc ti€p theo phuong phip do dé din dién mét s&
ion trong hén hop nhigu cdu tu ma khéng can tdach khi ding phan dng tao complexonat:
Nhu ¢ thé dinh phan ion Fe3t vdi su cd mat cac ion Zn2*, Ca?*, Cd?*, Fe?*, Mn?t va
nhiéu ion khac, _

Phuong phap truc tiép do dé din dién cd sai s6 phéan tich khodng 1+2%, trong diéu
kién dac biét sai 6 phan tich ¢d thé giam dén + 0,27.

Sai s6 chuan do d6 din dién thudng khoang + 2+ 3% khi khong dn nhiét. Khi ¢d 8n
nhiét ed thé gidm dugce sai s8 phan tich.

Trong phudng phap chudn vdi ngudn cac tadn ngudi ta cliing dung cdc phan ung
axit-bazd, phan dng tao két tua, phan Wng tao complexonat lam phan dng dinh phan.
Phuong phap dinh phan vdi ngubn cao tan cing dugce thue hién trong moéi trudng dung
dich nude l3n dung dich khéng nuéc. Duding dinh phan trong phugng phap chudn dé vdi
ngudn dong cac tan clng gidng nhu cdc truong hop tuong ding khi dinh phan véi nguén
¢ tan s6 thdp. Mot uu di€m dac biét cha phuong phap chuin véi dong cao tan la cd
thé phan tich cac dung dich ¢d tinh 4n mon manh vi ¢ day dién cye khéng can phai tiép
xic vdi dung dich do ma co thé dat & ngoai dung 6ng cd chét 16ng chay qua va cd thé
thu nhan thong tin vé dong chit 1éng >4y qua 6ng din tai thoi diém bat ki. Ding
phueng phap chuin véi dong cao thn nguoi ta cd thé xdc dinh cac loai dung dich duye,
cdc nhi tuong, dung dich cic chidt mau ma khéng gap khd khan gi.
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CHUONG 13

PHUONG PHAP PHAN TiCH DO DIEN THE

13.1. Dac di€ém chung cia phuong phap phan tich do dién th&

Phuong phdp phan tich do dién thé& la phuong phédp xdc dinh ndng dé cdc ion dua
vao sy thay déi th& dién cuc khi nhing vao dung dich phan tich. Phuong phap ra déi
vio cudi thé ky 19 sau khi Nernst dva ra phuong trinh Nernst mé tz méi lién hé giita
thé& dién cuc vdi hoat dé cac cdu ti (hay ndng dé céc cdu t¥) cia mot hé oxi hda - kha
thuin nghich:

_ RT a RT Yox OX]
E =E, +—In—— = E +—In—— (13-1)
nk 3 nk 7kn[Kh]

trong do: E - dién thé oxi hda - khif tiéu chuén cia hé;
R - hang s6 khi ly tudng;
T - nhiét do tuyét dgi;
F - 56 Faraday;
n - 36 dién td tham gia trong phan tng dién cue;
@, Gy - hoat do cic dang oxi hda va dang khi;
Yoxs Yky - D€ $6 hoat d6 cho dang oxi hda va dang khi,
[Ox], [Kh} - nbng d6 cdc dang oxi hda va dang khi.

Vai gia thiét cac dung dich loding c6 hé s6 hoat d6 cla cdc dang gan bang 1 va hoat
d6 cua cac dang 1 gan bang ndng do, ta cd thé viét phuong trinh Nernst & dang nong
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RT  [Ox]
E =E +—— In
: nF  [Kh)

(13-24

Thay céc gia tri R, F, va chon T = 298,15 K, d8i logarit Neper thanh logarit thap
phan, ta cd thé viét
0,059 [Ox]
E =FE + log
n [Kh]

(13-3)

Déi vdi cae hé oxi hda - khit 1a thanh kim loai (nhu Ag, Zn, Cd, Hg, Zn, Pb...) nhing
vao dung dich mudi cd nong do Cy,, thi
0,059

E =E, +

X

logC\s. (13-43
n

Nhung néu phép do tién hanh véi cac dung dich chia cdc ion cia cung mot kim loai
nhung & cac muc 4o oxi hda - khit khac nhau thi duMe*™ va Me*" v& m > n ta cd th&
viét phudng trinh Nernst duéi dang

0,059 [Me*™)
E =E,6 + log (13-5)
m-—n [Me*™)

Trong truéng hgp dau, ngudi ta dung dién cyc 1a cdc thanh kim loai cing tén vdi
cée jon kim loai trong dung dich; con trong trudng hop sau ngusi ta dung dién cyc tro,
thudng 14 mét kim loai quy nhu platin (hoae vang) nhing vao dung dich cdc jon kim
loai. Dién thé& clia dién cuc platin sé phu thuge ti 16 ndng do cac dang oxi hda va dang
khtt trong dung dich.

Cac phuong trinh (13.4) (13.5) 14 co sd cho céc phuong phap phan tich do dién thé.
C6 hai cach ung dung cac phuong trinh nay trong héa phan tich.

Cach thd nhit la do dién thé dién cuc nhing vao dung dich nghién edu. Thé& dién
cuc nay phai thay déi phu thudc thanh phan cia chat phan tich trong dung dich. Tif
dién th& do duge, ngudi ta sé tinh ndng do chét nghién cdu theo cdc phuong trinh thich
hgp da dan.

Céach thd hai la phuong phap chudn do dién th&. Noi dung ciia phuong phap 13 nhing
mot dién cuc cé thé dign cyc thay déi theo thanh phan ding dich nghién cdu, roi tién
hanh dinh phan chit nghién ciu trong dung dich bang mot dung dich chudn nac ddé.
Trong qud trinh dinh phan ndng db ion nghién cdu sé thay ddi, dua dén sy thay d6i dién
thé dung dich theo mot trong cdc phuong trinh (13.4) hoac (13.5). Luc dau, su thay d6i
dién thé& khong 19n, chi tai gan difm tuong duong, dién thé do duge E, mdai thay ddi dat
ngot. Sy thay ddi cua E, trong qua trinh dinh phan dugc biéu dién d dang do thi £ -V
goi 1a dudng dinh phan theo phuong phap do dién thé& (xem hinh 13.4).

13.2. Thé dién cuc

Viéc do thé dién cuc trong qua trinh phan tich do dién thé& duge thue hién bing cich
do sidc dién dong cia mot pin galvanic cd hai dién cuc:

i- dién cuc chi thi la dién cuc ma dién th€ cla nd truc tiép hodc gian tiép phu thudc
nong do chit nghién cdy,
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2- dién cuc so sanh la dién cuc thd hai cg dién th& 6n dinh thuang ]a da bist gia tri
dién thé Day la dién cuc ding so sinh d& do the dién cyc cia dién cuc chi thi.

13.2.1. Bién cue chi thi

Dién thé dién cyc chi thj phu thuac ndéng dé nghién cdu theo phuong trinh (13.1).
Dién cye chi thi phai dap Ung mot s6 yéu cau sau day: Thé& dién cuc chi thi phai lap lai
va thiét lap di nhanh. D&i véi dién cuc chi thi 1a thanh kim loai nhing vao dung dich
mudi clia kim loai dd thi phai thuan nghich. Dién cuc phai cd d6 bén hda hoc d&€ dieén
cuc khéng tic dung véi cde cdu ti khac trong dung dich nghién ciu, Trong phuong phap
do dién th€ ngudi ta ding dién cyc kim loai va dién cyc mang lam dién cue chi thi.

1- Dien cue kim logi loqi mot 1a dién cuc duge ché tao tit ban hoac day kim loali,
nhing vao dung dich muéi tan cta kim loai dd. Cac dién cuc kim loai ch& tao tiu bac,
thiy ngan, cadimi... 1a thuan nghich va cd két qua lap lai. Tuy nhién, nhidu kim loai
nhu crom, coban, v.v... khéng cho két qua lap lai, dién cuc nhém khéng thuan nghich
do ¢ ldp oxyt méng trén bé mat dien cue, cdc loai dién cue nhu vita néu khong thich
hgp cho phuong phap do dién thé V6i nhidu dién cye, dé lap lai sé t6t hon khi dung
hén héng kim loai thay cho kim loai tinh khiét. Dd la dién cue hén héng. Trong cdce loai
dién cyc chi thi thi loai dién cuc d€ do dién th& oxi hda - khi co vi tri dac biét. Nguai
ta thudng diing cdc kim loai quy nhu Pt, Au, Ir hay graphit lam dién cuc chi thi d€ do
dién thé oxi hda khi. The dién cuc cua loai dién cuc nay phu thudc ti 1é noéng do dang
oxi hda va dang khi ciia cap oxi héa - khu.

2- Dign cuc kim loai loai hai: duge ché tao tit cac ban hoae day kim loai co pht bén
ngoai mét 1gp mudi it tan cta kim loai dd va duge nhing vio mudi chia anion citng tén
trong 10p pht. Cac dién cuc calomel, dién cuec bac clorua la dién cuc kim loai loai hai.
Dién cyc kim loai loai hai cung thudng duge dung lam dién cuc s0 sanh,

3- Dién cuc mang chon loc ion. bién cuc mang chen loc ion 1a moét ban pin dién
héa. Trong loai dién euc nay, hiéu s6 dién thé& trén mat ngan cach cda cdc pha cia vat
liéu ché tao dién cue - chat dien li phu thude ndng d6 (hay chinh xdc hon 1a hoat do)
cac ion xdc dinh trong dung dich. Vat liéu ché& tao dién cuc la mang chit rdn hoac la
mang chét léng cd chida cdc jon xédc dinh. Khi vat liéu mang ti€p xic vdi dung dich nude
cdc ion ¢d th€ chuyén vao dung dich, hoac cdc ion cin xbc dinh cd th€ chuyén tir dung
dich nudc vao mang. Do d6 trén be mat cda mang cd dién tich trai dau vai dién tich
cac ion cd trong dung dich va trén mat ngan cich cac pha sé& xuit hién moét hiéu dién
th& ma gid tri cia hiéu dién thé phu thudc hoat 4 cac ion trong dung dich. Nhu vay
dién cuc mang lam viéc khong phai do phan dng dién hda ¢5 sy chuyén van ion ma la
do higu s8 dién th& xudt hién trén bd mat ngan cach cac pha va su trao ddi can biang
gita mang va dung dich. Trong loai dién cuc mang théng thudng, 16p mang ngan cach
dung dich nghién cvu véi dung dich phu & bén trong mang. Dién cye thiy tinh d€ do
pH céc dung dich la di&n hinh cia loai dién cuc nay. Trong nhitng nam gan day da xu4t
hién nhigu loai dién cuc mang chon lgc ion d€ xdc dinh hoat d6 (hoac ndng dd) cac ion
hodc d& chudn d6 dién thé. Thi du ¢d cac leai dién cuc d€ xac dinh cdc ion natri, kali,
canxi, magie, kém, chi, lantan, clo, brom, iot, florua, nitrat, sunfua v.v...

13.2.2. Dién cuc so xdnh

Yéu cau cia loai dién cuc so sanh la phai bén theo thdi gian, dién the phai lap lai
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va khong thay d3i khi cd dong dién nho chay qua. Cac loai dién cuc bac clorua, dién cuyc
calomel thudng duge dung lam dién cyc so sdnh.

1- Pién ciyc bae clorua.

Dién cuc bac clorua duge ché tao bang day bac hodc mdt ban bac kim leai cd phu
16p bac clorua nhing vio dung dich KCL. Hoat d6 cta ion Ag* trong dung dich nay sé
bang: :

Tr\gCl
aA

ot =

g

3

Qc1-
trong dé: T, la tich s6 hoa tan cua hop chdt khd tan AgCl;
ac— 12 hoat do ion CI" trong dung dich KCIL

Thay gia tri Tpg* vao phuong trinh Nernst 4p dung cho dién cyc bac clorua ta co:

RT BT T

Engtinger = Exgtip, + s Ine, .+ = ERp*0 01 "'E In o -

RT RT (a3
Eyt o+ —InT - ——Inag- 13.6)
g /ApCh nF AgCl W F Cl
Hai s6 hang dau cta (13.6) chi phu thu¢c nhiét ds.
RT .
bat AgT/ag +F In Tager = Ergtagal (13.7)
Thay (13.7) vao (13.6) ta cd:
RT
Engiag= B ingo™ 2 Inag- (13.8)

Tu (13.8) ta thdy thé dién cuc bac clorua phu thudc hoat do ion Cl" trong dung dich.
Thudng ngudi ta hay ding dung dich KCl bdo hoda lam dung dich phu bén trong. Vay
dién thé dién cuc loai hai phu thude hoat do cha anion cua hgp chit kho tan pha lén bé
mat dién cuc.

2- Pién cuc calomel

Dién cuc calomel duge ché tao tit Hg kim loai, calomel (Hg,Cl,) va KCl. Dién thé
clia dién cyc nay cing phu thudc hoat do ion clorua

RT
E||g§+4igz(”2 = E}]g2+4|32Cl2 - ;.‘-‘.HF: In Qe (13.9)
11 L 1] RT
véi gt o, = BN Yop PTag (13.10)

Tut ciac phuong trinh (13.8) va (13.10) ta thdy thé dién cyc cda Jdién cuc bac clorua
va calomel chi phu thugc hoat dd cua ion Cl™ (@ ~) va nhiégt do.

Su phu thudce thé dién cue cla cdc dién cye vao nhiét dé thudng thong qua sy phu
thuoc cdac dién thé E?\g"/}\g(n va JE'}’LL:’.H),“g cly vdi nhiét d6. Thi du sy phu thude cia
EXpting theo nhiét dé duge mé ta bang phuong trinh:
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Edgtngcr = 02224 — 6,4.10%¢ ~ 25) = 3,2.10°( — 25)2
Con sy phu thuoc cua E Pigd*4 tg:Cl, theo nhiét do duge bi€u dién bang phuong trinh.
o — -4
E"'g§+/llg2(712 = 0,2415 — 7,6.10% (¢ — 25)

Trong phuong phap phan tich do dién thé& thudng ngudi ta khong can bist gia tri
cha dién th& dién cyc so sanh ma digu quan trong la dién th& cia chdng phai khong
thay ddi. Khi can biét gid tri chinh xdc thé dién cuc cua dién cuc so sanh, ngudi ta cd
thé do ching khi so sdnh véi dién cyc hidro tiéu chuén (E f1ts1, = 0). Théng thudng
dé gitt the€ dién cyc ciia,dién cue bac clorua va calomel khéng thay d6i ngudsi ta thudng
chuiin bi cdc dién cuc nay ¢ diéu kién trong dung dich KCl b#o hoa hay dung dich KCI
3 mol.l-l. '

13.3. Phuong phap do thé dién cuc
13.3.1. Nguyén tic
Trong thue t& d& do thé dién cyc mot dién cuc chi thi nao dd, nguoi ta ghép nd vai
mot dién cwe so sanh chon trude thanh moét pin galvanic va do sic dién dong cia pin
galvanic tao thanh.
E.=E -E +E_, (13.11)
trong dé: E| la sic dién dong cua pin can do;
E  1a dién thé dién cyc so sanh;
E., 1a dién th€ khuéch tan hay con goi la dién thé cua hgp chit 16ng.
13.3.2. Thi€t bi de sifc dién diong cia pin galvanic
Vé nguyén tie, viéc do sdc dién dong
cua pin galvanic duge do theo nguyén ly cau
dong mét chidu, So d6 cau dong mét chidu
duge cho trén hinh 13.1. Theo hinh 13.1,
nh& bién trd R, ngusi ta cd thé cung cép cho Al 8
dién trd day (chia ap tuyén tinh) mot dién £
. . . S , ¢
ap can thiét. Nh# con chay C, ta cd thé f_:crl al)ﬁ
giang mot dién ap can thist d& bu véi sde - e
dién dong cha dién thé tiéu chuin E . hoac "r:':
sitc dién dong can do E,. Viéc dong E . hoac
K. vao mach do duge thuc hién nho ho
chuyén mach K|, con viéc ddng ting thoi Hinh 13.1. So @b thigt bi do dién the
glan ngan (bdm nut) duge thue hién nhe nut
bam K,. Khi suc dién dong can do duge bu thi sé khong c6 dong dién chay qua dién k&
G.
Dién ap giang trén hai dau day dién trd day AB (E, ) theo dinh luat Ohm sé béing:

E.y = IRy (13.12)
trong dé: [ la cuting dé dong dién chay qua mach;

R,y 12 dién trg cia doan day AB.
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Giita cac difm AC sé cd dién ap giang bang:
E,c= IR, {13.13)
Vi dién trd day AB phu thude tuyén tinh theo do dai nén cac dién trd cua ting doan
AB, AC sé ti lé véi do dai; '
R,y = Klyp Ry = Kl Klahesotile
Theo (13.12) va {13.13) ta cod:

E,, = Kl (13.14)
E, =K, (13.18)
Tiu cac phuong trinh (13.14), (13.15) ta cd:
E..=E tac (13.16)
AC T TAB :
AB

D& do dién thé E, theo so db trén thi E, va E, phai lap xung d&i so véi nguon ngoai.
Theo dé khi chuyén mach K, déng cho E_ thi theo (13.16} ta cd:

I..
E, = E,, LS S (13.17)
"!AB
Con khi K, déng cho E _ thi:
¥ P
E, = E,—2t (13.18)
EAB

Khi khong cé dong dién chay qua dién k& G thi tir (13.17) va (13.18) ta tim thay:
1 .
AC
Ex = EIC ;_i_
"AC
Thiét bi do dién th& lam viéc theo nguyén li trén day dugce goi 1a cac dién thé k&
lam viéc theo nguyén li do b trit. Nhi cdc dién thé k€ nay ngudi ta cd thé do sic dién
dong co do chinh xac dén 0,ImV. ngay nay di ¢d cdc dién thé ké dién ti lam viée theo
cling nguyén 1i nhung véi chu can bing dién td va bo chi thi hién s6 cho két qua chinh
xdc va phép do duce tién hanh tién lgi hon nhigu.
13.3.3. Dién thé khuéch tdn

Dién thé khuéch tdn Ey, la dién the xudt hién & mat ranh giéi cia hai dung dich
chit dién li khac nhau hodc hai dung dich cia cing mot chét dién li nhung cd néng do
khac nhau. Dién th& khu&ch tan xuit hién do sy phan bé khong déu nong dd cation va
anion doc theo bé mat ngan cdch cia hai dung dich, do van téc khuéch tan cha cac ion
qua mat ngan cach khac nhau, hay do gradien nong dd. Ta thi xét trudng hop cdc dung
dich cia cung chat dién li nhung cd ndng do khéac nhau. Trong trudgng hgp don gian nay,
ngudi ta cd th€ tinh gan dung E,, khi bist do linh dong va nong doé cia céc ion. Tuy
nhién trong truong hop phan tich vat chat thi ndéng do cua cac ion chua biét nén khang
thé tinh Eg, theo li thuyét.

Tuy thudc dién tich cta ion, d6 linh dong caa ching, nong do ctia dung dich, ban
chdt cta dung méi v.v... dién th€ khuéch tan cd th& thay d&i trong gidi han rong, ti
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mot phan milivon d&n hang chuc milivon hay hon nita. Trong thye 148, rigudi ta cd thé
loai trit anh hudng cua dién thé khuéch tan dén phép do sic dién dong bang bién phap
dung cau mudi. Trong bién phap nay viéc "tiép xtc dien" giua dién cuc sc sink va dién
eve chi thj trong pin galvanic khong thuc hién truc ti€p ma qua trung gian, nh¥ mot
dung dich cd néng d6 I6n cia mot chat dién li ¢cd d¢ linh dong gan bang d¢ linh dong
cac anion, cation ¢d trong hé dd, duge goi la cau mudi. Cau musi hay duge dung I1A dung
dich KCl bao hoa; déi khi ngusi ta cing ding dung dich mugi NH,;NO; hoac KNO, lam
cau mudi. Khi lam viéc vai dung mdi khong nudc ngudi ta dung ciu muéi 1a dung dich
Nal hay KSCN trong rugu.

13.4. Phuang phdp do dién thé tryc tiép

Phuang phdp do dien thé trye tiép dua vao viéc ung dung truc ti€p phuong trinh
Nernst d€ tinh hoat d¢ hay néng dé cda ion tham gia phan dng theo sic dién dong cua
pin galvanic cia mach do (hay thé dién cuc). Trude kia phuong phép duge dung dé do
pH dung dich. Ngay nay vdi viée xuit hién cdc dién cye chon loc ion, phudng phap do
dién thé truc tiép da trd nén phd bign hon v6i tén goi: phuong phap do ion hay con goi
la phuong phdp ionometric.

1id.1. Bo pH

Mot s6 loai dién cuc nhu dién cuc hidro, dién cue quinhidren, dién cuc antimoin,
dién cuc thay tinh... ¢d thé dien cuc thay déi theo ndng do ion H*. Di¢n cuc hidre co
cdu tric cong kénh, didu kién dé dién cde lam viéc 6n dinh lai kha phuc tap nén it cg
¥y nghia trong thuc tién phan tich. Dién cuc quinhidron, do nhiéu ly do chi duge st dung
trong phudng phép chudn dién thé cac axit biang bazo. D& do pH cva céc dung dich,
nguot ta thudng ding dién cyc thuy tinh.

Dién cyc thiy tinh thudng c¢d dang mét binh
cau nho ¢d thanh méng 1. Trong binh ciu chia
dung dich HC] (hoac mot dung dich dém nao dd)
2. Bén trong binh cau cd dat dign cuc bac clorua
3. Toan bd duge dat trong éng hdo vé 4,

Trudce khi lam viéc, ngusi ta phai ngim rua
dién cyc bang dung dich HCI 0,1M. Khi d6 ion
H* cia dung dich HCI s& trao déi véi jon Na*
cia mang thuy tinh cta dién cue va thiét lap mét
can bing nao dd. Véi cong viee chudn bi nay, cic
proten trén mat dién cyc da thist lap mét can
bang x4ac dinh vdi dung dich va cd thé ditng dién
cde nay lam dién cuc chi thi d€ do pH cua cde
dung dich. Vay phan ting dién cuc trén dién cuc
thiy tinh chinh la sy trao déi csc ion H* gida ba

mat dién cuc va dung dich.
"o +
H(dtl_ﬁ: H(l!u’i_\'linh)
nghia 1a ¢ day khong ¢6 su dich chuyén dién tu
ma 1a sy dich chuyén ion. Hinh 13.2, Dién cye thiy tinh.
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Cdc ion H* trén mat ngoai clia mang s& can bang voi ion H* cha dung dich nghién
citu va trén mat ngan cach sé xuit hién dién thé:
RT oty
E =E+—In
F 2t

trong dé: 241+ 12 hoat do ctia ion H* trong dung dich nghién ciu; a5+ () la hoat d6 ion
H* & mat ngoai clia mang. '

Tudng tu, & mat ngan cach phia trong cing xuét hién dién thé E;:

E,=Ey+ RT ln—-——a]]+(2}
2 2 Fodyty

Gpteg) a’”+(2) 1a hoat do ion H* & dung djch bén trong va bé mat bén trong cua mang
thuy tinh.

Vay dién thé& t6ng cong trén bé mat dién cyc thiy tinh sé bang:

RT & [+(x)‘a’¥ 1T

E.=E, -E,=E{-EY+ ——In ——— {13.19)
M l 2 ' 20F vyt
Vi cac gid tria WYY @t VA @+ khong ddi nén (13.19) sé ¢é dang:
E,, = const +F In Qi+ (13.20)

Vay dién thé cua mang thiy tinh E,, dac trung cho pH cta dung dich nghién ciu,
Viée do pH dung dich khi ding dién cyuc thuy tinh co thé duge thye hién vdi viéc
do sttc dién dong ctha hé:
Hg.Hg,Cl, / KCI/ G+, / thay tinh / HC1 / AgCl.Ag.
tic 1a do stc dién dong cua pin galvanic gom dién cuc calomel va dién cuc thiy tinh.
Suc dién dong cia pin nay bang

E=E -E, (13.21)
» o RT
Vai E = E”gz(-"z’“g - In a1 (1 _ {13.22)
o RT RT
E, = Ez\g(fl/i\g - In a1~z ~ In a“+(n)+ T In Qg (12.23)

Thay (13.22) va (13.23) vao {13.21) ta sé cd:
RT %cr @ RT

T
E =[Ejycnmg ~ Fagovae ¥t R In o +5 Inayrggl - Iy
RT
=E, - F lna”+(x)
0 RT AR
hay E = E + 2,302? pH. {13 24
. . . . RT “c—(@ RT
Vai ES =E“82C|2/“S - Er\g(‘i/Ag+rF— lnﬂ(—‘r(]) + A In TR

B3+ ag la hoat d6 cta ion H* trong thuy tinh.
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Gid tri Ej, duge goi 1a dién th& khéng doi xing (dién th& bdt d6i), chinh 12 hidu s6
dign thé& giwa hai mang thiy tinh, K7 xudt hién do tinh chdt cla hai mat cia mang thuy
tinh khong gidng nhau. Ngudi ta cd thé do duge E, bang thuc nghiém né&u ci hai phia
mang déu tiép xic vdi cing mot loai dung dich. Gid tri E}, ciing phu thude hing s6 can
bang H(tid)i H(+u) dac trung cho loai thuy tinh. Thudng ngudi ta khéng can xdc dinh
gia tri E{}. Théng thudng khi st dung mét may pH-met (mdy do pH) dugc san xuét &
nha mdy, viéc loai tri E{, dugc thyuc hién nh& chuin may véi dung dich dém vi thang
pH - met duge chia d¢ truc tiép theo don vi pH.

Mot vu di€m ciia dién cue thuy tinh la cd thé dung dé do pH trong moét pham vi
réng, can bang thiét 1ap nhanh, cd thé€ xdc dinh pH cua cac hé théng cd tinh oxi - hda
kha, Nhuge di€m co ban cua dién cyc thiy tinh la dé bi va.

Vi can bang cia dién cyc thiy tinh thiét 1ap nhanh, nén dién cuc cd tde dd phan
hoi du 16n. Vi vy, ngoai viéc diing dé€ do pH cia cde dung dich, ngudi ta ¢S thé diung
dién cyc thuy tinh lam dién cye chi thi cho qud trinh dinh phan theo phudng phap do
dién thé€ cdc dung dich axit-bazo.

13.4.2. Dién cue chon loc ion va plurang phdp do tric 1iép ning di ion

Uu di€m 16n cia loai dién cuc thiy tinh l1a xdc dinh nhanh va chon loc hoat dé cua
ion H* trong dung dich d4 kich thich viéc nghién ciu ché tao cac loai dién cuc mang
khac cd do nhay, do chon loc tét vai cac ion khdc trong dung dich. Dd la cac dién cuc
chen loc ion.

Thé hé dién cuc diu tién thude loai nay cing 14 loai dién cuc mang thiy tinh cd
thanh phan dac biét, loai mang duge ché tao tit cac loai thiy tinh chi trao ddi v4i meét
s6 ion xdc dinh nhu Li*, Na*, K, Cs*, Ag*, TI*... trong d6 cha yéu nguti ta dung loai
dién cyc nhay véi cac ion Na*, Li* va Ag*. Trong loai thay tinh nay cd cdc cation cd
lién két khong bén va cd thé thay thé bang cdc ion ¢ trong dung dich. Thi du ngudi ta
dua Al,O; vao thiy tinh véi ham lugng thich hop, thiy tinh s& trao d8i chon loc vai mot
s6 ion kim loai ma khéng trao d8i ion H*,

Thi du véi loai dién cuc nhay véi ion Na*, ion kim loai Na* trong dung dich sé can
bang vdi ion natri trong thay tinh:

Na(tm) == Na{;[).

Bén canh loai dién cuc mang chon loc vira néu trén, ngudi ta con diung loai mang
ché tao tit cdc da tinh th€ cua cde muédi xac dinh (thi du LaL,) hay tit dang bot nén cda
cdc mudi (thi du Ag,8). Cac loai mang nay c¢é dé chon loc cao do ci- nut cia mang ludi
chi dugc sdp x&p cac ion o dién tich va kich thudc xse dinh. Cac loai mang vira néu cg
d6 chon loc cao véi ion F- va 82-.

Ngay nay ngudi ta cdn ché tao cdc loai mang la cac cau ti ¢d kha nang trao déi ion
duge gan vdo mét nén tro la cdc polime nhu cao su silicon, polietilen, polistyrol,
colodiong v.v.., Nén polime tao cho mang ¢6 46 bén co thich hop. Tinh chon loc cuaa
mang J  vao cdc nhua trao d&i ion gin vao nén trg tuong ing. Loai mang ché tao theo
ki€u nay cd d6 chon loc %§i nhidu loai ion khac nhau tuy thudc cdc y&u t6 cd hoat tinh
trao d6i trong mang. Ngudi ta ciing ding bién phap khuéch tin cac bot min cua mudi
it tan, cac selat (cac hop chdt noi phic) vao nén tro dé lam yéu té hoat tinh trong mang
chon loc ion. Thi du ngudi ta ¢d thé cho khuéch tan AgCl, AgBr vao nén tre dé& ché tao
cac mang trao ddi ion chon loc cho cdce ion Cl', Br...
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Ngoai loai mang rdn, trong thuc té ngudi ta
cdon dung loai mang long la mot ldp chat hitu co
léng khoéng hoa lAn véi nudc. Trong cdc loai dién
cuc nay dung dich so sianh phan cach voi dung
dich phan tich bing mot l6p ionit ldng khéng hoa
lan vdi nuéc nhung cd phan ing trao déi chon loc
vdi mot ion xdc dinh. Ionit léng cing cd thé duge
tAm vao mot mang x6p ché tao bang mot loai chat
déo ua dung mdi. Trén hinh 14.3 1a so db mét dién
cuc chon loc ion dang mang long. O bén trong
ngudi ta dat mot dién cue AgCl 1 nhing vao dung
dich MCI,, M }a cation can xac dinh. Mang x6p 3
mot phia tiép xide vdi dung dich so sanh cta dién
cuc AgCl, phia kia ti€p xtc v6i dung dich phan
tich. Chat long chita trong binh 2 gém cd ionit
léng hitu co cd nhém chite axit, bazd hoac tao phic hoa tan trong dung moi khong trén
1an voi nude. Loai dién cue ki€u nay thudng dude dung d& xdc dinh ion Ca** trong cac

Hinh 13.3. Bién cre chon loc

ion ¢d ming 1ong.

déi tugng sinh vat (tht chdc nang canxi). Trong dién cuc nay, ionit ldng 1a mudi canxi

cua axit ankylphotphoric hoa tan trong diankylphotphat. Dung dich so sanh G bén trong

tiép xic vdi dién cuc 1 1a CaCl,. O mot phia cia mang trao ddi ion chon loc ¢d can bang:
CaR, (hitu ed) === 2R (hitu ca) + Ca’* (nudc)

Vi nong do ion Ca2* trong dung dich so sanh khong déi nén thé& dién cue sé chi phu
thudc nong d6 ion Ca** trong dung dich nghién ctu. Su phu thuéce nay duge bi€u dién
bang phuong trinh:

E=Eh

mang

Dua vao dién cuc chon loc ion, ngudi ta da ché tao dugc cdc loai may do tryc tiép
ion (ionometer) nhu kidu pH - met ¢& do pH. Dién cyc chon loc ion thudng cd van tdc
phan hdi dd nhanh nén cd thé ding vac mue dich chudn do dién thé.

~ 0,029 log a .« (13.25)

13.5. Phuong phap chuin dé¢ dién thé

Chuén d6 dién thé 12 mot phuong phdp phan tich ma viéc x4c dinh diém tuong
ditong cuia qud trinh dinh phan duge thue hién bang cach do dién thé cia dung dich
phan tich trong qua trinh dién phan. Tai gan diém tuong duong xay ra sy thay d6i dt
ngoét cia thé dién cue chi thi nh¥ do xdc dinh duge diém tuong duong. Duang nhién viée
xde dinh di€ém tuong duong theo phuong phap chuidn do dién th& chi duge thuc hién khi
c6 it nhat mot cdu ti tham gia phan dng dinh phan cd tham gia qud trinh dién cuc. Thi
du d& xac dinh di€m tuong duong cua qua trinh dinh phan theo phuong phap axit - baza
ta dung dién cue thiy tinh lam dién cyc chi thi. D€ xac dinh cac halogenua ta ding dién
eue bac clorua. Cdc phan tng dang cho phuong phap chuéin dién thé phai cd van tac du
16n, x4y ra cho dén ciung, v.v...

Dé tién hanh phuong phép chudn dién th& ngudi ta 14p mat mach do gém dién cuc
chi thi, dung dich phan tich - ¢ién cuc so sanh. Dién cuc so sdnh thudng diung la dién
cuc calomel, dién cuc bac clorua. D€ xdc dinh diém tuang duong trong phuong phap
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chuln do dién thé, ngudi ta thudng dua vao cac sd litu thuc nghiém do dién thé& clha
dung dich trong qua trinh dinh phan rdi xay dung nén do6 thi theo hé truc toa d6 E —
V hodc AE/AV ~ V. Trudng hop dau ngudi ta goi la dudng tich phan, con trong trudng
hop hai ngudi ta goi la dudng vi phan. V 1a thé tich dung dich dinh phan.

E(pH L, i)
(iﬂ‘* 4t -4_5)
av av AV

At
&¥

Hink 13.4. u- dwdng dinh phin dang tich phan; b- dwirng dinh phin dang vi phain,

Trén hinh 13.4 trinh bay cde ki€u dudng dinh phan trong phuong phap chudn do
dién thé. Trong phuong phap chudn do dién thé& ngudi ta cing ding c4c phan tng phan
tich thong thuting la: phan Wng axit-bazo, phan ng oxi hda - khd, phan #ng tao phic
va complexonat, phan dng tao két tda.

13.5.1. Trairng hop dinh phin theo phuong phdp axit - buzo

Trong phuong phdp chudn do dién thé dung phan ng axit-bazd, dién cuc chi thi
thudng dung la dién cuc thuy tinh. {Vé ban chit dién cuc thuy tinh xin xem & muc
13.4.1).

Khi dinh phan cdc axit bing dung dich NaOH nguti ta ¢g ‘thé dung dién cuc
quinhidron lam dién cyc chi thi. Dién cyc quinhidron la dién cyc ban platin nhing vao
dung dich quinhidron la hgp chdt gom hai hop chidt quinon va hidroquinon
C,H;0,.C H,(OH),. Trong dung dich quinhidron phan huy thanh cép oxi hda - khi theo
phuang trinh tao thanh dién cyc cé dién thé:

0,059 ,
E=E + 5 log(ao.a}_]+/a0”2) 113.26)

ag va @G, 12 hoat dé cia dang quinon va hidroquinon tugng dng.

Vi qumhldron ¢6 lugng quinon va hidroquinon tueng dudng nén oé thé xem ag =
TQh va phuong trinh ¢6 dang:

E = E_ + 0,059 loga,;+

hay E = E, - 0,069 pH. (13.27)

Vi vay thé dién cyc quinhidron 14  ham tuyén tinh theo pH. Th& dién cue etia dién
cuc quinhidron khong &n dinh khi pH > 8 vi khi pH > 8 hidroquinon dé& bj oxi khéng
khi oxi hda thanh quinon gay su sai léch cho chi s§ dién thé& dién cuc. Vi vy dién cuc
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quinhidron chi dugc sit dung khi chudn axit bing NaOH ma khéng duge dung trong
trudng hdp ngugce lai.

Trong qué trinh dinh phan theo phan dng axit-bazo dién cuc so sanh thudng la diégn
cuc calomel hay dién cuc bac clorua. Vai phuong phap chuin do dién thé, ngudi ta co
thé xac dinh cdce axit trong mét hén hgp khi hang 36 phan li cha ching khac nhau khéng
it hon ba bac. Thi du khi dinh phan hén hgp HCI + HCH,COO. Dudng dinh phan hén
hop axit nay cd hai budc nhay: buéc nhay thi nhdt ¥ng vdi qua trinh dinh phan HCI,
buéc nhay thd hai ing vdi qua trinh dinh phan axit axetic. Tuong tu ngudi ta cd thé
dinh phén cac axit phan li nhiéu nédc khi ching ¢d ciac hing s6 phan li khac nhau da
1on (thi du axit cromic, axit photphoric...). Dac biét phuong phdp cing duge st dung dé
xdc dinh cdc hén hop nhigu cdu ti khi ding dung méi khong nude. Thi du hén hgp axit
clohidric va axit monocloaxetic. V&i hén hgp hai axit nay ta khd thuc hién viéc phén
tich ching trong méi trudng nudc, nhung khi dinh phan trong méi truang axeton thi
dudng dinh phan cta ching cd bude nhay khac nhau di ré cho phép tinh dugc ham
luong cua mdbi axit trong hén hgp. '

13.5.2. Truirng hop dink phén bing phin iing oxi héu - khir

Qua trinh dinh phan cd thé duge thyc hién véi dién cyc chi thi 1a kim loai quy nhung
vao dung dich oxi hda - khit. Thi du dién cyc day Pt. Dién cuc chi thi cling cd thé la
dién cuc kim loai loai mét thuin nghich, bén va ¢d toc dd phan héi du 16n. Dién cuc so
sanh thudng la dién cuc calomel hay dién cuc bac clorua. Dutng dinh phan duge xay
dung theo hé toa do E — V, AE/AV — V hodc pM — V. Vla thé tich dung dich dinh phan,
E dien th& do duage, pM = log[M] ([M] ndng d6 ion kim loai nghién ciu).

13.5.3. Truirng hop dinh phdn ding phdn ing tao két tilu

Trong phuong phap nay ngudi ta dung dién cyc kim loai, dién cuc chon logc ion lam
dién cuc chi thi. Dién cuc so sanh 1a dién cuc calomel hoac dién cuc bac clorua. Cac dién
cuc nay phai nhay vdi ion cin xde dinh hoac véi thudce két tia. Dung phan dng két tha
ngudi ta cd thé xdc dinh cdc cation Agt, Hgit, ZnZ*, Pb**,... cdc anion clorua, bromua,
iodua, va vai ion khde, ¢d th€ xac dinh cédc halogenua trong hén hgp khong cén tach
ching ra khéi nhau.

13.5.4. Trwirng hop dinh phin theo phdan itng tao complexon

Trong phuong phdp chuin dién thé& dung phan ng complexon v6i complexon IIT,
ngudi ta ¢é thé dung cdc dién cuc kim loai tuong \ng lam dién cuc chi thi. Nhu khi
dinh phan dung dich mudi déng ngudi ta ding dién cde kim loai Cu, khi dinh phin mudi
kém, ngudi ta dung dién cuc kém lam dién cyc chi thi. Ngudi ta ciing cé thé dung céc
dién cuc chon loc lam dién cuc chi thi.

D€ dinh phan theo phuong phap complexon ngudi ta cé thé dung loai dién cuc chi
thi van nang Hg/HgY? hay Au(Hg)/HgY?, trong d6 Au(Hg) 14 hén héng vang. HgY?2 l1a
ion thily ngan complexon. Thi du khi dinh phan ion Ca** ta cd thé& l1Ap mach do kiéu:

Hg/Hg,Cl,, KCl/Ca**, HgY? (10°%)/Hg.

Ton phitc bén thay ngin complexon HgY?% cd log Brgy2-= 21,8; (8 1a hing sd bén
cua ion phic Hg¥?"):

HgY? == Hg?* + Y+
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Thé& dién cue Hg duge xac dinh theo:

E}ig2+/[[g = E?{gz"'/llg + 0,029 log[Hg?*] (13.28)
hay tinh phu thuge vao hing s bén cua ion thiy ngidn complexon ta cd:
(HgY?]
Eng+/Hg = Ei:lgz‘L/Hg + 0,029 log———— (13.29)

[Y4_]-ﬁ1-[g‘(2—
Biigy?- 12 hang s6 ben cia fon HgY2~.
Khi dinh phan ion Ca** theo phudng phdp chuin complexon sé tao thanh jon
complexonat CaY?" véi hang s6 bén '
[CaY?"]
Bog2e = = (13.30)
CaY [CaZ+[Y4-]
Tit (13.29) ta tinh [Y4~] va thay vao phuong trinh (13.28) ta cd:
[(HeY? Be,ye-]
Epgz+ 1y = Efyz+ p, + 0,029 log - 2 + 0,029 log [Ca2*] (13.31)
(Y4 Brygy-
Nbng d6 cac jon HgY? va CaY? tai gan diém tuong duong thay d6i khong dang k&
do d6 tdng s8 hai s8 hang diu cd thé xem nhu khong thay d€i va ta cd thé viét:
El-lg2+/l-1g = const + 0,029 log[Ca™"] (13.32)
Tu phuong trinh (13.32) ta thdy thé dién cuc HgY2~/Hg phu thuéc ndng do ion Ca**
nghia la dién cuc nhay vdi ion Ca**. Tai gan di€m tuong dusng cd su thay dai dot ngot
nong dé ion Ca** do dd dua dén su thay ddi dot ngét ctia dién th& va sé cd budc nhay
trén dudng dinh phan E — V. Nh& loai dién cuc nay, ngudi ta cd thé xac dinh bat ky
ion kim loai nao ¢ thé tac complexonat bén vai ion Y4~ cg héng s6 bén bé han Brigv2-
Thi du cdc ion Mg2*, Ca2*, Co2+, Ni2*, Cu2*, Zn2* v.v... cg Bmey2- bé hon 10218 pan ¢
the xac dinh bing dién cuc nay theo phuong phap chudn do dién thé.

13.6. Ung dunyg cua phuong phdp do dién thé

Ca hai phuong phdp do dién thé truc tiép va chudn do dién th& déu cd ing dung
rong rai trong thuc t& phan tich,

Phuong phap do dién thé& true tidp quan trong nhédt trong thuc t& la viéc xac dinh
pH cia cde dung dich bing dién cuc thay tinh cting nhu viéc xdac dinh moét s ion khac
nhg dién cuc chon lgc ion. Dua viao cace dién cuc chon loc ion, ngudi ta da ché tao cac
may do nong d& ion (ionometer) dé do ndng dé cac ion trong dung djch véi d6 chon loc
cao. Ngudi ta da ché tao duge cac loai dién cyc ehon loc ion dé xac dinh ede ion Cu?t,
Ag®t, Ag*, CaZ*, Na*, K*, CI, F-, F2, 82, O ... va da ing dung thanh cong cac dién cue
nay trong cac d6i tuang cong nghiép va san phadm moi trudng. Ngudi ta cling da thiét
k& nhidu by cam bién thich hep cho viée theo déi, ki€m tra, didu khién mot s6 qud trinh
san xudt cong nghiép. :

Mot loai dién cuc chon loc ion ¢ ¥ nghia thue tién quan trong 13 dién cyc chon loc
ion canxi, vi ion canxi la ion dong vai trd quan trong trong cac nghién ciu vé y-sinh li
hoc, y hoc digu tri, gitp cho viéc bao vé sic khée, ddu tranh chdéng lai tat bénh. Ion
canxi ¢é anh hudng dén nhidu hoat dong s6ng va céc qud trinh sinh li (hoat déng cla
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hé than kinh, chic nang cta men trong co thé v.v..) nén viéc xac dinh nhanh va chinh
xdc ham lugng ion canxi trong cde san phdm sinh hoc la h&t sidc quan trong va can
thiét.

Viéc ing dung do dién thé clia dung dich phan tich d€ xac dinh diém tuong dudng
trong phan tich thé tich (chuin de dién thé€) duoe dng dung hét suc rong rai trong cac
qu4 trinh dinh phan cac axit, bazg, cdc muéi theo cdc phuong phap trung hoa, oxi hda
- khi, tao két tia, chudn dd phic chdt. Phuong phdp chufin do dién thé st dung cac
dién cuc mang chon loc ion: tif dién cyc thuy tinh cho dé&n cac loai mang chon loc ion
dac thu da lam tang d nhay, dé chinh xdc clia cac phuong phap phan tich thé tich. Dac
biét, dung phuong phip chuén do dién thé ngudi ta cd thé xac dinh diém tuong dudng
cuia cac qua trinh dinh phan cde dung dich duc, dung dich ¢6 mau thAm. Diung phuong
phap chudn do dién thé ngudi ta cdon cé thé xac dinh digm tuong dudng cic qua trinh
dinh phan trong dung méi khong nudc, 1a cong viée ndi chung khong thé thyc hién duge
biang mat thudng.

Mot thanh tuu quan trong cia phuong phdp chudn do dién thé 12 nh¥ c6 46 nhay,
d6 chon loc caoc nén cd thé dinh phan duge cac dung dich loang, ¢6 thé xdc dinh duge
cac hén hgp phtic tap. Ciing nhé phuong phdp chuin do dién thé, ngudi ta cd thé ty
déng hoa duge qua trinh phan tich.
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CHUONG 14

PHUONG PHAP PHAN TiCH VON-AMPE

14.1. Co s& ciia phuong phdp
14.1.1. Dic di€m chung

Phuong phdp von-ampe la nhom cac phuong phdp phan tich dua vao viée nghién
ciu duong cong von-ampe hay con goi 1a dudng cong phén cyc, la dudng cong bidu dién
sy phu thudc cia cudng do dong dién vao dién th& khi tién hanh dién phan dung dich
phan tich. Qua trinh dién phan duge thue hién trong mot binh dién phéan dic bist, trong
d6 ¢o mét dién euc cd dién tich bé mat bé hon dién tich b mat cia dién cuc kia nhisu
lan. Dién cuc cd dién tich b8 mat bé duge goi 1a vi dién ctc. Qua trinh kht (hay oxi
hda) cdc ion chi y&u x4y ra trén vi dién cyc. D€ vé nén dutng cong phan cue, ngusi ta
lién tuc theo d&i va do cutng do dong dién chay qua mach khi tang dan dién thé dat
vao hai cyc cia binh dién phan va xay dung db thi theo hé toa do I — E, I la cudng do
dong dién chay qua mach, E 1a dién thé dat vao hai cdc cia binh dién phan. Dudng cong
mang tén dudng cong von-ampe.

Viéc ung dung dudng cong dién phan cyc vao mue dich phéan tich da duge nha bac
hoc nguoi Tiép Khic Hevrosky tim ra vio nam 1922 Do phit minh v& phuong phap
phan tich dya vao duding cong dién phan cdc, nam 1959 Hevrosky duge ting gidi thudng
Nobel vé héa hoc. Phuong phap von-ampe dya trén qui trinh dién phan voi dién cuc
giot Hg ngay nay thudng duce goi 1a phuong phap cuc phé.

Dung phudng phdp von-ampe ngudi ta cd th& xac dinh duge nhiéu ion vé co, hitu
cd. Qud trinh phan tich cd thé duge thyc hien trong méi trudng nude va cd trong mai
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trudng khong nude. Phép phan tich c¢d thé duge thyc hién véi dé nhay, d6 chon loc va
dé chinh xac rit cao.

14.1.2. Qud trina xdy ra tré 1 dién cuc giot thiy ngin

Ta nghién citu qua trinh dién phan trén catot la dién cyc giot Hg, con anot 1a dién
cue cd dién tich bé mat 1dn thi du dién cuc calomel. Vi dién cyc calomel cd dién tich bé
mat 16n hon dién tich dién cye giot Hg rdt nhidu nén qua trinh dién cuc chu yéu xay
ra trén dién cuc giot Hg. Vi dién cue giot Hg 1a catot nén ngudi ta goi day la phan cuc
catot. Néu trong dung dich khéng cd cac chat cd kha nang bj khi dudi tac dung cua
dong dién, cudng d¢ dong dién I sé& ti 1& véi dién thé E dat vao hai cuc (dinh luat Ohm)

= o | (14.1)

trong dé: I la cudng d& dong chay qua binh dién phan;
E la dién thé& giang vao hai cuc;
R la dién trd cida binh dién phan.

Tit (14.1) ta thdy cudng do I phu thudc tuyén tinh vai dién thé dat vao hai cuc binh
dién phéan.

Khi ¢6 cdc chdt tham gia phan dng khi trén dién cuc catét Hg trong mién dién thé
nghién cdu, dang dutng cong I — E sé thay d6i. Khi dién th& giang vao hai cuc ciia binh
dién phan dat dén gia tri cia ion nghién cdu trén dién cuc giot Hg, trén dién cuc giot
Hg cd thé tao thanh hén héng:

M™ + ne + Hg -==M(Hg) (14.2)

Dién th& cua dién cuc giot Hg khi x. y ra qua trinh thuan nghich (14.2) dudc tinh
theo phuong trinh Nernst:

. RT  ay,Cyv
E=E, + — In—& MM
nkF c,y,

(14.3)

trong dé: C, - ndng 49 cia hon hong;
¥, - hé s6 hoat d¢ cta hdn hdng;
Cy; - ndng do cua ion kim loai bi khit tai 16p dung dich & sit bé mat cua
dién cyve (& day khong ghi dién tich cta ion kim loai d€ cich vigt don gian);
¥y - hé 88 hoat d§ cla ion M trong dung dich;
Ay - hoat d§ cia thiy ngan trong hdn hing;
E - th& dién cuc tiéu chuin cta dién cuc (14.2).

Do két qua cda phan iing (14.2) ma khi cudng d6 dong dién bit dau tang thi ndng
dd ion kim loai & 16p dung dich sat 16p bé mat dién cuc gidm. Tuy nhién, do hién tuong
khuéch tén, cac ion kim loai & siu bén trong dung dich sé tién dén 1dp dung dich & sat
bé mat dién cue. Vi vay cuting d6 dong dién sé phu thudc téc dé khu&eh tan, ma tée do
khuéch tan ion lai phu thudc hiéu s6 néng 46 C} ¢ siu bén trong dung dich va ndag 4o
C,, ¢ lop sat bé mat dién cuc.
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I'= Ky (CYy - Cy) (14.4)

Trong thanh phan dong dién chay qua binh dién phan ngoai dong dién sinh ra do
su khuéch tan ion kim loai dén sdt b mat dién cyc va giy phan Ung dién cye - ngudéi
ta goi d6 14 dong khué&ch tan — cdn cd thanh phan dong dién sinh ra do su dich chuyén
cac jon dén cac dién cuc do tac dung cida dién trudng dit cdc ion nay khéng he tham gia
phan dng dién cuc — Ngudi ta goi dong dién sinh ra don thuan do sy dich chuyén cac
ion khong tham gia qua trinh dién cuc la dong dich chuy€n. Dong dich chuyén can trd
viéc do thanh phan dong khuéch tan (dac trung cho ion nghién cdu) nén nguoi ta phai
tim cach loai bo dong dich chuy&n khi phan tich theo phudng phdp von-ampe. D€ lam
gidm va di dén loai bé dong dich chuyén, ngusi ta cd thé dua vao dung dich phan tich
mot lugng chit dién li tro {khéng tham gia phan Ung dién cyc) cd ndng d6 16n hon néng
dd jon nghién cifu nhiéu lan. Ngudi ta goi day la chat dien i nén. Cation ciia chit dién
li nén sé chin tac dung cta dién trudng déi véi cdc ion sé lam giam sy dich chuyén cic
ion do dién trudng va dong dich chuyén thue t& bang khong.

Dién thé& d€ bat dau xay ra qua trinh dién phan trude hat phu thudc ban chat ion
bi khit ciing nhu thanh phan dung dich nghién ctiu nhu: néng d6 cdc ion cd mat trong
dung dich, néng d¢ ion H*, su ¢6 mit cac chat tao phic v.v..,

Dién thé phan hiy cua chat dién li thue t€ bang hisu dai g6 cla dién thé anot va
catot,

E=E, - E, (14.5)

Khi diing dién cuc calomel 1am anot thi thé& anot E, thuc t& khong thay déi khi cd
dong dién nhé chay qua binh dién phan. Thye vay qua trinh anét trén cue calomel chinh
14 su oxy hda thiy ngan kim loai thanh ion Hg?* va chuyén ion Hg** vao dung dich:

2Hg == 2Hg"' + 2¢ (14.6)

Nhung dung dich caa dién ewc calomel lai c6 ion CI vdi nong do khéng thay déi
(thudng 1a dung dich KCl béo hoa hodc dung dich KC] 3M) nén 18p tdc s& xu4t hien két
tia calomel, :

2Hg* + 2C1~ = Hg,Cl, (14.7)

Néng d6 ion Cl- trong dung dich kali clorua bao hoa luén khéng thay d8i va do d¢
ndng d6 Hg* khong ddi va thd dien cuc E, trong sudt qua trinh dién phan khéng d4i,
E, = const. Néu trong nhiing truong hop ndy ta chdp nhan E, = 0 (vi dién tich bs mat
cua anot qud ldn so vdi dién tich catot nén ptu‘a.n cyc anot khong dang k&) thi dién thé
dé bat dau sy dién phan la: '

E = -Ehay E; = —E.

Dién thé nay goi 1a dien thé thoat kim loai (hay di¢n thé& khi) cta ion kim loai trong
diéu kién dang xét. Dién thé thoat kim loai phu thute ndng do ion kim loai bj khi. Nong
do ion kim loai cang bé thi ion kim loai cang khd bi khit, va dién ap dat vao binh dién
phan dé c6 thé bit dau qu4d trinh dién phan phai cang I6n.

Khi ting dién th& dat vao catot (dién thé dit vao binh dién phan) thi néng do Cy
(phuong trinh (14.4)) s& giam dan, dit ring trong qui trinh dién phan ludn ¢6 cac ion
kim loai méi & 1dp sau bén trong dung djch bé sung dén 16p sat bé mat dién cyc do hién

tuong khuéch tan. Nhung sé dén lac Ung vai dieén thé& £ nao dg, van tée khit ion kim
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loai sé bang vAn téc khuéch tan va nbng d6 C,, & 16p dung dich sdt bé mat dién cuc
bing khong, Cyy = 0.

Qua trinh dién phan & day thuong xdy ra véi cuong d¢ dong bé (thudng bé hon
10-5A), nén ndng 4 dung dich & sau bén trong cta khéi dung dich thuc t§ khong d6i va
bang Cy;. Va cudng d¢ dong chay qua binh dién phan hic bdy git dat gia tri khong déi
I, cho dii ed ti€p tuc tdng dién thé dat vao binh dién phan. Ung dung (14-4) v6i C,; = O ta
cG:

I, = K\.Cy _ (14.8)

Déng I, tinh theo (14.8) dugc goi 14 déng gidi han.

Dong dién nay duge goi la dong khuéch tan. Thay I vao (14.4) ta cd:

I=1;—-KuCy
I, -1

va Cy = (14.9)
M KM

Tuong tu, ndong do kim loai trong hén hdng duge tao thanh theo qua trinh (14.2)
cling ti 1& vdi cudng do dong:

I
Ca = K:;I =T (14.10)
K
4
Thay (14.9), (14.10) vao (14.3) ta cd:
E=E,+ —Ina,, —— (14.11)
nF b Ky,

Trong qué trinh dién phan xay ra trong binh phan tich euc phd, ngoai thanh phan
1, (ddng khuéch tan) liéen quan dén qué trinh khi ion kim loai, cdn ¢6 céc thanh phan
khac khong lién quan dén qua trinh dién cuc goi 1a dong khong Faraday.

Viéc tao thanh dong khéng Faraday cd th€ c¢d may nguyén nhan:

Khi nhung dién cyc vao dung dich, trén bé mat dién cyc s& xudt hién 16p dién kép.
Lép dién kép cd thé xem nhu mét tu dién, khi tu nady phong dién, 56 tiéu thu mot lugng
dién nao d6. Khi tang dién thé dat vao hai dién cue, dién dung cua tu nay sé tang lén.
Dong phong dién clia tu tao nén moét thanh phan cia dong khong Faraday goi 1a dong
ty dién. Ngoai dong tu dién, dong dich chuyén nhu d4 néu trén kia ciing 1a thanh phan
dong khong Faraday. Trong thuc t& phén tich cuc
phé, dong dich chuyén cd th€ dugce loai béd nhd tac I ,
dung clia n&n cyc phd 1a dung dich cac chat dién c_ s 0
}i manh, tro, cd ndong do da 16n. (_

T4t cAd cac vian dB vila mo ta trén day, giai
thich dang dac biét cta dudng cong I — E (hinh , / N
14.1). ~

Trén hinh 14.1, phan AB la phan dau cta A i
dudng cong, cudng d6 dong Ung véi phan niy tuy
khéng bing khéng nhung ciing rdt bé. Dé 12 do
tac dung cua dong khong Faraday. Ngudi ta goi Hf""' 14.1. Sing ‘""-“’j’"a’_
d6 1a dong du. Thong thudng dong du vio cd I dong dur: 2- dong khuceh tan.
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10-7A. Trong thanh phan cia dong du cing con cd nguyén nhan la do dung dich khong
dd sach, tao nén qua trinh khu tap chat. Tuy nhién trong thuc t& phan tich ngudi ta
phai tim moi cdch giam bt anh hudng tap chdt bang cac qua trinh lam sach thich hop,
bang cac bién phap che véi cac chat tao phic vov, .

Phan BC cia dudng cong dang ién dot ngét dng véi qué trinh x4y ra trén dién cuc
(khtt fon kim loai trén catot) va cudng do dong sé tang nhanh. Phan CD cua dudng cong
gan nhu nim ngang ing véi hic dat déng gigi han 1 :

Dudng cong I — E c6 dang sdng nén ngudi ta goi dd la song cuc phd.

14.1.3. Di¢n the nira sing v phuong trinh sing ciec pki

TUu phuang trinh (14.11)
RT  ay (I, - Dy K,
E = E, + —1n Hy d M
nkF - Kyly,

ta thdy cé mot s6 dai luong khong phu thuéc cdc didu kién thi nghiém khac trit nhiét
do.

Bdi vi hén héng tao thanh khi dién phan trén dién cye giot Hg 6 ndong d6 rat be
nén hoat do ciia thuy ngan trong hén héng a)y, thuc t€ bang hoat do cua thidy ngan tinh
khiét va 1a mot gia tri khong d8i. Hé sg hoat do v, trong dung dich ¢6 lue jon khong
d61 tlue fon cua nén cuc phé) ciing khong thay déi. Cac dai lugng nhu hé sa hoat do .
cdc hé s6 Ky, K, ciing khéng thay déi véi cung li do tuong ty. Vay (14.11) c6 thé viét
dudi dang:

RT . a:Hg,yM,If.’}I RT Iy -1

E=E,+— In—E—L 4oy 4T (14.12)
ni Ky, n I

- RT I, -1

hay E=E,+—In -2 (14.13)
nF I
: RT iy, YK

Véi E, = E, +—— In—8"M 7 | (14.14)

nF Kyr,

Phuong trinh (14.13) mé ta méi quan hé gita dién th§ dat vao hai cyc binh dién
phan va cutng dé dong dién chay qua binh
dién phan, ngudi ta goi dd 1a phuong trinh z
song cue phd. Dai luong K, duoe goi la
dién th€ nita séng vl n6 la dién the ing vdi
luc cuong da dong do duge bing mét nia
dong gidi han,
Thi du I = I, thi phuong trinh (14.13)
sé cho ta:

E=£E,
Theo (14.4) r6 rang E\;» chi phu thuoc
nhiét d6 va khong phu thuodc cuong do dong
dién, do do £, khong phu thusc nong 43 Hinh 14.2. Sdng cwe phd ciin ba chit A, B, va C.

Eﬁﬂl l:yzfﬂ) E%(C)" E
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ion bi khu.

Vay dién thé nta séng chi phu thuac ban chat ion kim loai bi khi va la dédc trung
dinh tinh cho ion kim loai véi nén cuc phé da chon. Viée xdc dinh dién thé& nua sdng la
¢d & cua phuong phap phan tich cuc phd dinh tinh.

Trén hinh 14.2 biéu dién dang duding cong I — E ciia hon hdp ba chit A, B, C co
dién thé nita séng dt khac nhau (v8i cyc phd cd dién thi cic E,, phai khac nhau hon
100 mV).

14.1.4. Cie cuc dyi trén séng cuwe phé

Deéi khi dang dudng cong séng cyc phd bi bién dang khac voi dang i tudng & hinh
14.1, 14.2. DS 1a viéc xuat hién cac cyc dai. Ngudi ta phan biét hai leai cuc dai: cyc dai
loai mot va cuc dai loai hai. Viéc xudt hién cde cuc dai lién quan dén cac hién tugng
dong luc hoe khi tao giot thuy ngan do hién tugng hdp phu cia cac ion trén bé mat dién
cuc. D& gidm cac cuc dai trén séng cuc phé, ngudi ta thudng dua vao dung dich phan
tich cdac chidt heat déng bé mat nhu gielatin, aga-aga. v.v... Hinh 14.3.a bigu dién cac
séng cuc phé khi xuat hién ciac cdc dai. Ngoai ra trén dudng cong song cuc phé ngudi
ta ¢on thdy cd hién tugng map md trén dudng cong ¢ phan dau (AB) va dac biét & phan
cudi {CD) cta sdng cuc phé. Hién tugng nay cd lién quan dén chu ky tao giot thuy ngan.
Hién tugng map mé nay cd gay khd khan cho viéc phan tich cac chidt 6 nong do bé (hinh
14.3b).

1 I
c D
8
- g5 -£0 -15 E E
Hinh 14.3a. Chc crre tri trén sdéng eye phd:
a- cure dai loal mOG b- cue dai loai hai. Hinh 14.35. Dang séng cye pad thye c6 mip mik

14.1.5. Phuwong trinh Inkovitch
Ngudi ta da tim thady mdi lién quan gitta cudng do dong gidi han I; vdi néng dd ion
kim loai Cy va cac dai lugng khac. Méi quan hé duge mo ta bang phuong trinh Inkovitch
I, = 605 ZDYZIm?R3loC, | (14.15)
trong do: Z la dién tich ion kim loai;
D 13 hé s6 khuéch tan cd thd nguyén ecm?sl;
m 1a khéi lugng giot thuy ngin chiy ra til mao quan, gfs;
¢t la thoi gian tao giot thiy ngan, s
Trong cdc dai lugng ¢6 trong biu thic (14.15), hé s6 khuéch tan D khd xdc dinh
duge bang thuc nghiém va cing it khi tim thidy trong cac s6 tay.
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Trong phan tich cue phd m va ¢ thusng duge goi 1a dac trung mao qudan, ¢d thé xde
dinh bang quan sat thyvc nghiém.

Trong thuc t& vi D, m, t ¢ thé duge duy tri khong thay déi trong didu kién thuc
nghiém nén (14.15) cd thé viét duai dang:

I, = KCy (14.16)

Tit phuong trinh (14.16) ta thdy cudng ¢6 dong giGi han I, phu thuée tuyén tinh

vao nong do dung dich chdt nghién cdu va (14.16) la co s& cho phan tich cuc phé dinh
lugng.

14.2. So db thiét bj phan tich cyc phé

Sd d6 nguyén li cia thiét bi phan tich cuc phé dugc trinh bay trén hinh 14.4. Dung
dich phan tich 2 chia trong binh dién phan 3 ed 16p thiy ngan I ding lam anét. Tuy
nhién, thong thudng ngudi ta hay ding dién cuc calomel bao hda lam anot (dién cuc so
sanh). Catot thudng ding la dién cuc giot thiy ngan 4 (dién cuc chi thi) dude néi véi
binh chia thiy ngan 5. Dién 4in ctia ngudn ngoai
dat vao cac cue co thé digu chinh liés tue nha dién
tré day hay nho bo chia ap 7. Cuding d6 dong chay
qua mach duge do bang dién ké 6.

Nhu da trinh bay & trén kia, dién thé giang
vao binh dién phan thuc t€ xdc dinh dién thé catot
(trén dién cuc giot thiy ngan).

Trong phuong phdp von-ampe ngudi ta con
dung cdc loai vi dién cuc rin ché tao tit cic kim
loai quy (Pt, Au...) hay graphit. Uu di€m cta dién
cuc rdn la cd thé lam viéc vai dién thé duong hon
dién cue giot thiy ngan (dén 1,3V). (Dién cuc giot
thiy ngan thudng chi 1am viéc trong mign ti
+0,3V - —2V). Lam viéc vdi dién cuc ran khong
dée nhu véi dién cue thiy ngan. (Hoi thiy ngan
rat doe, khi lam viéc vai
dién cuc thiy ngan phai

~ - £ L
tufin theo cdc quy tic an El 2 Es
74

Hinh 14.4. S d6 thigt hi
phin tich cyre phb.

toan riéng). . ) Y
. L
Tuy nhién lam viéc vai l_ 4
dién cuc ran cing cd kho D
khan do khd "lam méi® bé \}4

mat dién cuc. Dién ecuc
tinh it duge ding do dong ;
gioi han thiét lap cham. T

Loai dién cuc rdn kidu
vi dién cuc Pt quay hoac
rung dugc ding phd bién ) b:inh :"4-5. l)i?'n cire (ﬁ:lﬂ quiay: o ) )
hon do cutng do dong én I- dOng co; 2- truyEn dong; 3- bo dia; 4- dién cue: 5- binh dién phin.
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dinh va thiét lap nhanh (van t&c phan hoi nhanh). Khi lam viéc véi dién cuc nay dung
dich duge khudy trén lién tuc, vi vay cac jon dugc chuyén van dén bé mat dién cuc
khong chi do hién tugng khuéch tan ma con do sy khudy tron co hoc. Diéu dd lam tang
cudng do dong gidi han (10+20 lan) so v6i dong khuéch tin. D9 chinh xdc cua cde
phuong phdp phén tich dung dién cuc ridn kém hon khi dung dién cyc gict thay ngéan.
Tuy nhién viéc dung dién cdc rdn cho phép md rong mién dién thé€ lam viée dén 1,4V
so vdi 0,3V trong phan tich khi ding dién cuc giot thiy ngan.

Trong phan tich von-ampe dién cuc giot Hg c6 gid tri thuc t& 1dn vi ed nhidu uu
di€m hon cde loai dién cuc rdn. Thi du véi loai dién cuc ran Pt, qud trinh catot xay ra
vdi qua thé hidro khong ldn. Véi dién cuc Pt, trong dung dich axit, & di¢n thé 0,1V da
thoat ra hidro, trong khi & dién cyc giot thiy ngan, hién tugng thoat hidro chi xay ra
d dién thé —2,0V.

Ngay nay da cd nhidu hang trén thé& gigi sdn xuit cdc mdy cvc phd da chic nang
cho phép thuc hién nhidu cong tdc nghién cifu phdc tap, cong viée phéan tich lai duge
thuc hién ty dong.

14.3. Cac phuong phap von-ampe truc tiép
14.3.1. Dién thé niru séng E, ; va phin tich cuc phd dink tinh

Dién thé nita séng E|,; la dac trung dinh tinh cia chdt nghién cyu, nén dé€ phan
tinh dinh tinh ngudi ta cAn xdc dinh dién thé nda sdng |,  Thudng ngudi ta xac dinh
dién thé& nia sdng bang phuong phdp db thi.

I,-1
Theo phuong trinh (14.13) ta thidy log — phu thude tuyén tinh vao E. Do dd ta
I,-1I
dua vao s6 lieu thye nghiém thiét lap log 7
- 1,1
. ogs 2 - lo
phu thudc dién thé E, ta s& co dudng thang cat . 77
I, -1
- d
truc hoanh tai diém E = E,,, nghia 1a khi log—f~
i
= 0 (hinh 14-6). Dua vio th& nia sdng vira tim |
dugce, ta cd thé dya vao sd tay thé nia song (hoic g

theo cuc phd dd chudn) ta phdn doan nguyén td
hodac hop chit nghién edu. Thudng thi ngudi ta
ding k&t qua nay dé chon nén cuc phd cho viée
tién hanh phan tich dinh lugng, tranh dude cac
nguyén td, hgp chit can trd. Trong cdc may cuc
phd hién dai cé phan m&m danh cho viéc tinh toan
dién th& E |, theo cdc s6 lidu thuc nghiém cda cuc
phé dé ghi dugc, nhd dd nguti phdn tich tranh
duge cac thao tac tinh todan nhu vira trinh bay &
trén.

]

Hinh 14.6. Xic dinh the nira sény

biing db thi.

14.3.2. Phurong phdp cie phé dong mot chiéu

Phuong phép cuc phd dong mot chidu hay cuc phd ¢ dién, duge dUng dung kha rong
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rai trong thuc t& phan tich dinh lugng. Co s& cia phuong phap la phuong trinh (14.16),
dva vao dd ta xay dung dd thi I = KC theo mét s6 dung dich chudn cg nong 4o hiét
chinh xdc. Trén truc tung ta ghi chiéu cao cta séng phan tich (ti 1& véi dong gidi han),
truc hoanh ghi néng d¢ cac dung dich chusn.

Theo phuang trinh (14.16) db thi chusn phai 13 dudng thdng di qua géc toa ds.
Phuong trinh nay cho két qua chinh xé4c n&u didu kién ghi cuc phé chusin va mau phan
tich ddng nh4t vai nhau. Cae didu kién ghi phd ¢ day 1a digu kién lam viée ciia mao
quan, nhiét d6 va moi trudng (ndn cue phd). Phan tich theo phudng phap db thi chuin
tuy cd hoi phic tap nhung cho két qua chinh x4c.

Béi vai hé théng da nghién ciu ki, ede digu kién ghi ph8 c6 the thuc hién ddng nhat
gita dung dich chuan va dung dich nghién ciu, ta c6 thé dung phuong trinh (14.16) dé
tinh ndng d¢ dung dich nghién cdu chi can mét dung dich chudn:

h

X
¢, =cC, (14.17)
hch

trong dd:  C, 1a ndng d6 dung dich chudn;
h, va h , la chidu cao song cuc phé cha dung dich phan tich va dung dich
chudn;
C, la ndéng d6 cin xac dinh.
Trong phan tich cye ph6 ngudi ta hay dung phuong phap thém. Gia s dung dich
phan tich cd cudng do dang I, ta co:
_ I, = KC,. (14.18)
Ta thém vao dung dich nghién citu mot luong dung dich chudn cd nong do Cyp ta
lai ghi ddng cwc phs Iy ow
L, = K(C + C,) (14.19)
Tu (14.18) va (14.19) ta cg:
I

X

(14.20)

I I

x+ch T fx

Ngay nay, vdi cic may hién dai nguvi ta cd cac chuong trinh thuc hién phan tich
theo cdc phuong phap duding chuin, phuong phdp tinh va phuong phdp thém. Cac phuong
phdp duge thuc hién theo moét thd tuc thdng nhit va duge tu déng héa & nhidu khauy,

14.3.3. Phuong phip do vi phin

Day 1a mot cai tién phuong phap do trong eye phé dong mot chigu nham tang do
chon loc cha phuong phédp phan tich cuc phé. Trong phuong phap do nay thay cho
viée do

drs
theo dutng cong I -~ E ngudi ta ding dudng cong aE " E.
Tu phuong trinh (14.13) ta co:
RT I, -1
E -~ E ,=—In
nk I

(14.21)
Giai (14.21) déi vei 1
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1, nk
I= vol K = — (14.22)
l+eK({(E - E) RT

Lay vi phan {14.22) theo E ta cé: =~
ar -1k e T

- — (14.23)
dF [1 +e|\(l, I,Vz) ]‘.

dJ . ) \ .
Sy phu thudc cha 1E theo E duge bidu dién nhu & hinh 14.7. D€ tim vi tri cha cuc
dai

dl
trén do thi hinh 14.7 ta ldy vi phan g mot l1an nita theo dE ta cd:

d2r Kzfde K(E—t )

B [ id
dEZ [+ e 0 ip ¢

N
P

Cye tri xay ra khi T 0, tic tai ic E = K

K(l=Fn)

1] (14 .24)

= E;y

max

Vay dién thé tuong dng vdi cuc tri caa dudng cong ¢ hinh 14.7 1a dién thé nia sdng.
Thay gia tri E = E,;,, vao (14.23) ta cc:

max

dz KI, nF
= - = Iy {14.25)
dE . _ i, (1 + 1) 4RT
(= Ey2) -
4z
Tt (14.25) ta thiy cuc tri cia dudng cong trén hinh dE

(14.7) cing ti 1& v&i cung do dong gidi han I va vi vay
do max dI/dE cing cho phép ta tinh ru aéng do chat
nghién citu. Vay gia tri tung do cla cue tri trén dudng
cong dI/dE cd thé dung d¢ xdy dung db thi chuin xdc
dinh nong d¢ chat nghién cdu.

Ngay nay ngudi ta da thiét ké cdc may cyc phd cd
bé phan ghi cuc phd d6 theo dang dI/dE dya trén so do
mach loc R — € hay mach logic theo so d6 dién ti.

i

£

. . A Hinh 14.7. Cire pho dG clhu phweng
Vdai phuong phap cue phd vi phan, ta co thé xac

) phip cwe phd vi phin.
dinh vic hop chit cd dién thé€ nia séng kha gan nhau

: o1
aE

[

!
|I
Py
[
o
1!

a) Iy

Hinh 14.8. Cuc phi db cin dung diely Pt(NO4) vi TINO, trong nén KNGO, 2M:
a- dudmyg tich phin; b- dudng vi phiin,
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trong cung mét dung dich ma khong cin tach chung ra khéi nhau. Nguoi ta ndi phuong
phap cuc phd vi phan ¢d nang sudt phan giai cao hon phuong phép cuc phd thusng. Thi
du hai ion Pb?* va TI+ trong nén KNO; 2N cd cac dién thé nita song khac nhau 0,06V,

Trén cuc phd db thudng, ci hai song cue phé chap nhau nhung trén dudng cong vi
phén ta thdy hai séng cuc ph8 cd haj cye tri phan biét rd rét (hinh 14.8 a va b).

Phuang phap cuc phd vi phan cing cho két qua chinh xdc hon cuc phé thudng vi
trong phudng phdp nay ta cd thé xac dinh ¢hinh xdc vi trf céc cuc tri, ciing nhu do chidu
cao eae cuc dai chinh xac hon khi do gia tri I, trong cuc phd thudng.

14.3.4. Cuc phd dong xeay chitu

D& md rong kha nang phan tich cua phuong phap cuc phd ngudi ta da cd nhidu cai
tién vé dién cuc chi thi, vé cach ghi tin hiéu cing nhu cach cap dién thé cho qu4 trinh
dién phan. Mot trong cdc cai tién dd la phuong phdp cuc phd dong xocay chidu.

Thuc chidt cia phuong phdp cuc phé dong
xoay chiéu ]a bén canh ngudén dong mot chidu dé ¢
cdp dién th& cho binh dién phan nhu cuc phs
thuong, ngudi ta tron thanh phan dién ap xoay
chigu cd bién d¢ khong 1én (khéng qua 60mV) dé '
bi€n digéu ngudn cdp dién thé. Dang dién ap xoay '
chi¢u cd thé€ la: dang hinh sin, dang chi nhat,
dang hinh thang, tam gidc v.v.... Tan s dién ap
xoay chiéu cd thé ti vai hertz dén vai kilohertz.
Su cd mat thanh phan dong xoay chidu trong dién
thé dat vao binh dién phan da lam thay déi kha
nang phan tich cia phuong phdp cyc phs. O day
ta gidi han nghién ciu trudng hop thanh phan ‘
dong xoay chiéu cd dang hinh sin. Hink 14,9,

Trén hinh 14.9 trinh bay su bién thién dién ap
hinh sin theo thsi gian ciing nhu cue phé db dong xoay chidu tugng dng, trén nén cyc
phé dong mot chisu.

Dong dién chay qua binh dién phan khi dat dién 4p bién diéu bang dong xoay chigu
hinh sin thay déi theo quy luat:

E = E + AEM sin wt, (14.26)
trong dé:  E_: thanh phan dong mét chidu,
AEM: bién d6 dong xoay chiéu.
Dong chay qua binh dién phan cd ba thanh phan:

- Dong khuéch tan (dong Faraday) lien quan d€n phan ving dién cuc xay ra dudi tac
dung cua dong mét chidu;

- Dong dién phong (dong tu dién) do tac dung cia dién 4p xoay chidu;

- Dong duge gay ra do su thay d8i van téc cua phan dng dién cuc do tac dung cia
dién ap hinh sin.

Céu tric cha mdy cyc phd dong xeay chigu phai thé naoc cho may khong ghi thanh
phan mot chidu (thi du lap mét bién 4p 6 dau vao cua bo ghi) ma chi ghi hiéu ung téng
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cong cia cac dong thanh phan bién thién: dong dién khi ty dién tich va phdng dién,
thanh phin dong Faraday do qua trinh oxi héa - khit cta chat ¢d hoat tinh dién cuc.
Trong thuc t& phan tich thanh phan dong Faraday luon 1dn hon dong ty dién do lap dién
kép nhidu, nén chinh dong Faraday xic dinh sy phu thudc cia cuiing do dong dién chay
qua véi dién th& giang vao hai cuc cla binh dién phéan.

Chinh vi vay ma trong mién dién thé chét cd hoat tinh dién cuc (chat tham gia phan
ing dién cyc) cdn chua bi khit (mién A trén‘hinh 14.9). Sy thay déi khong dang ké cua
dién th& khong lam xudt hién dong Faraday; cudng dé dong tu do 1dp kép khong dang
ké. Trong mién dién th& {(gidng vao hai cyc) Ung voi mién dong gidi han cia cuc phd
dong mot chidu (midn C) thi sy thay d8i khong dang k& cia dién thé€ (do dién ap xoay
chidu) ciing khong du d& san phadm khit cia phdn dng dién cyc lai bi oxy hda, nghia 1a
khong da didu kién dé tao dong Faraday bién thién. Trong mign ma thanh phian mét
chidu coa dong Faraday tang (mién B), véi didu kién qua trinh dién cuc xay ra thuan
nghich va dd cao so v6i téc 46 khuéch tan giai tda sdn phdm cia phan tng, tan sb thay
d6i dién thé (do thanh phan xoay chigu) sé cd ditu kién gay tdc dung oxi hda hodc khu
cac chat. '

Tai mién nay, & mién dién th& trude dién th€ nita néng (E, ), dong ghi dugc trén
may dugc quyét dinh do lugng dang khi b3 sung do xung dién trudc (cla thanh phin
dong xoay chigu). Con mién dién thé sau dién thé nia séng (Em}, cudng do dong ghi
duagc lai duge quyét dinh do phén chét hoat dong dién cuc dude thu hbdi do thanh phan
xoay chigu ciia dong Faraday. Tu dé dé dang nhan thdy rang, trong pham vi dién thé
trude dién thé& nila sdng (Euz) phan dang khi tang khi tang dién thé&, con tit sau dién
thé nita séng, phan hgp chét ¢d hoat tinh dién cyc s& gidm lam gidm cudng do dong. Va
nhu vay dong dién ghi duge trén may sé cd cyc dai tai dién thé nita séng E . Trong
truong hop qué trinh khéng thuan nghich mot phan hay hoan toan thi qua trinh xay ra
¢6 thé phic tap hon nhung ndi chung cling khong dua dén sy thay d81 qui luat, thay
dédi cuting 46 dong dién ghi dudgc. _

Mot y&u t6 quan trong dnh hudng dén cudng d4, dién th& va dang cda pic 14 mic
d6 thuaa nghich cda phan dng dién cuc cta chét phan tich. Véi ciing moét ndng d9, cac
pic ctia phan ¥ng thuan nghich ¢ cugng dd 16n hon & pic khéng thuin nghich nhigu
(dén 20 1an). Cudng do chia pic ti 18 véi binh phuong dién tich cla ion tham gia phan
ung dién cuc. Cuang do ddong cua pic cling tang theo bién do cla dién dp xoay chidu Ey
trong gidi han E,; <RT/nF. Dién thé cta pic trung vOi dién thé€ nia song K, véi cdce
phan dng thuan nghich. Véi cac phan dng khong thuan nghich, dién thé& ctia pic dich
chuyén dang k& so vai dién thé nita sdng. D6 rong cla pic & cdc phan dng khong thuin
nghich rong hon & cde phan dng thuan nghich.

Vay phuong phap cyc phd dong xoay chiéu cho két qua tét vdi cac chit cd hda tri
18n, véi cac phan ing thuan nghich. Trong cic trudng hop nay cudng do déng ela pic
16n hon, pic nhon hon nén dé phdn dinh hon. Phuong phap cue phd dong xoay chigu cd
d6 nhay 16n hon, d6 chon loc t&t han phuong phap cuc phé thugng. Khi chon lua pha
thich hop ngudi ta cd thé xac dinh cac chit dén ndng dd 108 mol{"). Thoi gian thyc hién
¢6 thé giam do ¢é thé thuc hién viéc quét th& nhanh di¢n 4p dong mot chidu.

14.3.5. Cuc phé xung
Trong cyc phd dong moét chidu chinh thanh phan dong tu da che ldp dong Faraday
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khi gia tri dong Faraday bé, vi thé chinh dong tu dién da han ch& d6 nhay cua phuong
phap cuc phd dong mét chidu. Viée tach dong Faraday khéi dong dién chung chay qua
binh dié¢n phan la bién phdp ting do nhay ciia phuong phap von-ampe. Cue phé xung la
bién phap nham tich déng Faraday khéi dong tu dién. Dac diém caa bién phép nay la
sé phan cuc héa dién cuc chi thj (cuc giot thiy ngan) bing cic xung dién trong thai
gian thich hgp.

Thuc nghiém chdng minh déng dién nap va )
phong cia tu dién bt ky (k& ca dién dung tac ra .
do cac 16p kép) tang giam theo ham liy thita véi
thti gian; trong khi d¢ sy tang giam cua dong
Faraday, khi giang dién thé vao cac dién cuc du
dé€ gay phan Ung dién cyc lam giam ndng do chat
phan dng dién cuc, lai theo ham bac hai theo thai
gian. N6i cach khdc, dong tu t4t nhanh hon dong
Faraday. Digu d6 cho phép tach dong tu dién do
16p kép tao ra khdi dong Faraday néu chon thoi
diém ghi cudng do dong thich hop, lac cudng do
dong Faraday con dd 1n con dong tu thyc t& bing
khong (hinh 14.10). Di nhién cic qua trinh xay ra
vdi cung d§ dong rédt bé, nhung véi cdc so db dien
ti hién dai, cho phép khuéch dai céc dong dién bé
dén gid tri cAn thiét, cd thé didu khién duge cac
may ghi ma khéng giy méo tin hidu, dac biét khi
déd cd cdc may tinh ca nhan véi tdc d6 tinh tosn da 16n.

Cudng d¢ dong dién chay qua binh dién phan ti 16 vai be mét dién cuc, ma dién tich
bé mat cta dién cyc thay d8i tirng lac trong qua trinh 16n 1én cia giot thay ngan. Vi
vay can phai gidng xung dién chi mot lan vao mét thoi di€m xac dinh trong thoi gian
séng cta giot thiy ngan. Thuan loi nhét 1a gidng xung dién vao giot thiy ngan & cufi
giai doan tang trudng cta giot thiy ngan, lic giot thiy ngan sip rdi, tai chinh thdi diém
nay dién tich be mat cia dién cuc giot thuy ngan thay d3i khéng dang k€. Thai gian do
cudng do dong la & cudi xung dién. Cd hai phuong phap cuc phd xung la phuong phap
thudng va phuong phap xung vi phan.

Trong phuong phdp dau, & cudi thai gian ton tai ciia mot giot, ngudi ta cye hda giot
thiy ngin bang xung dién chit nhat, kéo dai tit 40 ~ 6O miligiay, chigu cao ciua méi
xung dude tinh bat dau ti E . Vay trong phudng phap nay xung dién gidng vao cuc duge
cong don vao va cutng d6 ddng duge do & giai doan cudi cia méi xung (hinh 14.11),

Trong trudng hgp nay cuc phé dd khéng khac cuc phs thusng.

Trong trudng hgp sau, dién cuc bi phan cuc nhu & cuc ph8 thudng bing dién ap
thay d6i chdm. Nhung & cusi thdi gian tén tai cla giot thdy ngan, ngudi ta giang mot
xung dién bS sung cd bién d6 khéng 186n 14m =~ 50 mV va théi gian = 100 miligidy (hinh
14.11b). Vige do hiéu s6 cutrng do dong chay qua binh dién phan trude va sau khi giang
xung dién, tic l1a do gia s6 cla cudng do dong ung véi gia s6 dién th€ do gidng xung
dién cd bién d6 xac dinh. Vi vay dung cong sé 6 dang pic vdi cuc dai tng v6i E = E
va la do thi cta dI/dE theo E (theo nguyén téc cia phuong phap cyc phd vi phan).

Hink 14.10. Sy phu thudc crdng 4 dong
Faraday (1) vi dong ty (2) vio thii gian,

12
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Khotng khing biéy hitn
Khodng o

= E, ot (\)‘\/

Jj/“ﬁ | | egza:f,:«f

/lu'c el Hg ral ?

2dc giot Hg roi
Q) &)

Hinh 14.11a.- Cyc phb xung thwrédrng. b- Cue phb xung vi phin.

Cudng d6 dong ¢ day it phy thude vao dong hoc cia qua trinh dién cuc, vi vay
phuong phap nay cd do nhay cao khéng chi v8i qué trinh thuan nghich ma ca véi céc
qua trinh khéng thuan nghich. DS 1a uu di€m ndi bat ctia phuong phap cuc phé xung
so v6i vaj phuong phap cuc phd khac thi du phuong phap cuc phé dong xoay chigu, Trong
thyc t& phan tich ngudi ta hay dung cyc phd xung vi phan.

Nguoi ta ¢d th& ching minh cudng 46 dong cia pic phu thudc ndng dé6 chit khu
theo hé thic:

D o-1
Al .. = nFAC (14.27)
al, o+ 1
vai
nF E,-E,
= exp —( > ; E, — E, = AE la bién 46 xung
RT
AE RT
N&u — < thi:
2 nk
n2Fz D
ay = AC (-AE) — (14.28)
" 4RT l,
AE RT
New — > thi:
2 nF

D
Al = nFAC|f — . (14.29)
JrIm

14.3.6. Phuong phdp von-umpe quét thé nhanh

A: dién tich b& mat cuc.

Trong phudng phdp cuc ph8 dong mot chidu viéc ghi phd doi hdi nhiéu thai gian,
dudng cong cuc phé do lai c6 dang xung & cudi qua trinh ghi, didu d6 cd anh hudng dén
viée do cudng 4% cac dong phan cyc bé. Dang xung cua dudng cyc phd db 1a do sy thay
d3i dién tich bé mat dién cuc giot thiy ngan khi giot 16n lén va khi giot roi va dién tich
bé mat dién cyc giot thiy ngan thay d8i theo quy luat A = 23, 7 1a chu ki roi cia giot
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thay ngan. Ngudi ta cd thé tranh dang xung clia dong dién eling nhu rit ngin thaj gian
do néu thsi gian quét th& nim gon trong thdi gian ton tai cia giot thay ngan; tdt nhat
la thyc hién viéc quét th& § cusi giai doan tén tai clia mét giot thiy ngan, lic ma dién
tich bé mat cua cyc hau khong thay déi. Vi thai gian tuong \ng vdi trang thai nay rat
ngdn nén viéc quét thé cling nhu viec ghi dong dién phai thue hién hét sie nhanh d&
dap dng duge sy thay d8i cudng d6 dong trong qud trinh phén cuc.

Viéc quét thé va ghi nharh tin hiéu cuc phd do g01 gon trong thoi gian tdn tai mét
giot thuy ngan md ra digu kién moi d€ quan sat qua trinh dién cuc va dng dung vao
phan tich. Digdu d¢ ciing md ra mot nganh mai cua phudng phép cyc phé dd 1a phuong
phdp von-ampe quét thé tuyén tinh.

Viéc chuyén tit quét th& cham (vai ba - £,
milivon/giay) dé&n quét thé nhanh (hang chuc dén
hang tram milivon/giay) dua dén hién trang la chi co
cdc chdt ¢ 16p méng sat be mat dién cuc tham gia
phan dng dién cuc. Didu d¢ lam xuit hién gradien {
ndng d6 lén & be mat dién cuc cing nhu toan b cac
chdt § 16p sat bé mat dién cyc déu tham gia phan
ing. Vi cudng dé dong qua don vi bé mat ti 1& nghich £
vGi d6 day cha ldp khuéch tan, ma do day 1ép khuéch
tin ¢ phuong phdp von-ampe quét thé tuyén tinh Hink 14.12. Pwdng cong von-ampe
thite sy nhé hon & phuong phdp cue phs thudng; nén khi quét tuy&n tinh.
cudng do6 dong & phuong phap quét thé tuyén tinh
thic sy ldn hon & cyc phd thudng véi dung dich cd cung ndng dé. Ngoai ra ciing can
phai néu lén viéc thay d6i dang cua cue phé dd: khi Xay ra qua trinh dién cde ¢ lam
giam thue sy lugng chdt tham gia phan ing dién cyc tai bé mat dién cuc mot cach tiuc
thdi, nén cubng do dong sé dat dén cuc dai, sau dd gtam nhanh va cuc phd d8 1a duong
cong ¢o cye dai I, (hinh 14.12). Duong nhién & day ta khéng thé van dung ly thuyét
cyc phd ¢d dién dé giai quyést cac van d& cua phusng phip von-ampe quét thé nhanh,

- Tuy nhién ¢ day ngudi ta ciing tim thdy su phu thude cuting dé cia pic vao nong
d4. Trong phuong phap von-ampe quét thé nhanh, chiéu cao va vi tri cla pic rdt quan
trong, giong nhu chiéu cao cha sdng cuc phd va dién thé nia song trong phuong phap
cye phd ¢4 dién. Ngusi ta tim thdy cudng do I .« cua pic phu thuéc ndng d6 theo ha
thiic:

I = KAn32pl2g120, (14.30)
trong dé: K la mét hang s6 phu thuée cdc déac trung cta qud trinh dién hoa;
A la dién tich b® mat dién cye, cm?;
r 12 s6 dign ti tham gia phan ing dién cuc;
D la hé s6 khuéch tan, em?.s7!;
v 1a van téc thay ¢6i dién thé€ giang vao dién cue.
Biéu thdc (14.30) ding vdi qua trinh thuan nghich cling nhu khéng thuan nghich.
Mot cai tién quan trong cta phudng phép von-ampe quét tuyén tinh la phuong phap
quét tuan hoan (hay con goi la quét theo chu trinh). N&u trong phuong phip von-ampe
quét tuyén tinh thong thudng dién cyc bi phan cyc bang mot xung duy nhét véi dién
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the thay d68i tuyén tinh thi trong trudng hgp quét
theo chu trinh dién cue duge phan cyc bang nhiéu

xung dién tam gidc. Dién th& quét trude tién quét _ (£)
theo chidu catot, sau dd quét theo chidu anot. Do £u
thi thay déi dién th& theo thai gian ¢é dang tam

giac d8u va dién thé dién cuc nhu *du dua" giita = —
gia tri lde d4t ban dhu va gid tri lie cudi. Trong ~ /
trudng hop phan dng dién cuc thuan nghich, chat g =

bi khit trong qud trinh phan cyc catot, do sy thay \l‘_\,
d8i nhanh cda dién thé, san phdm khit khéng kip “ Ny

roi bé mat dien cuc (do khuéch tan) ma lai bi oxy (£p2a -

hda trd lai trong phan hai cia chu trinh, dd la sy
phan cyc anot (hinh 14.13) dich chuyén déi vdi
nhau mét khodng xdc dinh.

Né&u san phdm phan 1ing khd khéng bén thi
dong anot bing khéng. Dd ciing 14 phudng phdp t6t dé giai thich ban chit cua phan dng
dién cuc. Khi tién hanh do qua trinh phan cue trén bé mat dién cuc rén, ta sé thu duce
dudng cong phan cuc 8n dinh néu san phdm phin dng khéng thay dai.

Hink 14.13. Pwéng cong von-ampe
guét tudn hoan.

14.3.7. Phuong phdp von-ampe ngioc
Ta biét rdng trong qua trinh ion kim loai bj khi trén catot thay ngan
Me™ + ne —= Me (Hg)

s& tao thanh kim leai héa tan véo catot thdy ngin thanh hén héng. Su khit duge xay ra
trén dién cuc giot thiy ngan treo (khéng phai giot thiy ngan roi) khi th& hiéu dién cyc
tuong ing véi dong gidi han. Khi d6 ndng d6 cta kim loai trong hén héng nhanh chdng
‘16n hon ndng do ion kim loai trong dung dich & chung quanh dién cyc. Bay git néu cho
phan cuc tuyén tinh anot trén cuc giot thiy ngan treo d dién thé dién cuc ung vdi sy
xudt hién dong oxi hda '
hoa tan kim loai trong hén
héng thay ngan thi cudng

!
do dong hoa tan anot sé cd i
dang pic vi didu kién xudt p
hién dong hoéa tan anot dp

gidng v&i su phat trién
cila dong von-ampe khi
quét thé nhanh tuyé&n tinh
(xem 14.36).

Néu khi tién hanh
dién phan, ta chon diéu
kién d€ lugng kim loai bi
khir ti 1& v&i ndng do ion
kim loai c¢6 trong dung
dich, thi dong pic s& phu Hinh 14.14. Dwing von-ampe ngwyc:

1,2- dirdng cong khir catol va hda tan anot; ¢ ;- dong gici han, F | di¢n
thé dién phan tich gop; i cudmg dé dong hoa tan; E, dién 1hé pic héa 1an.

thudc ndng dé ion nghién
citu, codbn vé tri s8 thi
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cudng do cta pic s& 16n hon dong giéi han khi khit ion kim loai mét hai bae.

Sy tang hitu ich nay cda tin hiéu phan tich méa ra kha nang ldn trong viéc xac dinh
vi lugng va siéu vi lugng cdc ion kim loai trong dung dich,

Tén goi cia phuong phdp phan 4nh ban chat qué trinh thuc hién. Trong qu4 trinh
dién phan lic ban d4u ndng d¢ ion kim loai nghién citu tang lén do chuy&n chit nghién
clu tit mdt thé tich ldn dung dich chait dién li vao thé tich nhé ctia hén héng kim loai.
Vi vay phuong phap nay cén goi la phuong phédp cuc phd tich gdp. Phuong phap nay
khéng chi thuc hién trén cye giot thiy ngan treo ma con cd thé thyc hién trén cac loai
dién cyc ran. Phugng phdp mang tén chung la phuong phdp von-ampe nguge.

Vay phuong phdp von-ampe ngudc ¢d hai giai doan:

a) Dién phan lam giau so bo & dién th& am hon dién th& khit fon kim loai tuong tng;

b) Sau d¢ hoa tan dién hoa trong qua trinh phan cuc tuyén tinh ¢ dién th& dueng hon.

Ta thu dugc tin higu phan tich dudi dang pic hoa tan anot kim loai tich g0p trong
pha thit hai cda qud trinh x4c dinh.

Dién cyc lam viéc thuong la dién cue giot thuy ngan treo, cling cd thé la dién cuc
ran nhu dién cuc day Pt, hoac mang thiy ngan trén nén tro thich hap.

V&i qua trinh dién cuc thuan nghich va dién cue lam viée 1a cuc giot thuy ngan treo,
ngudi ta cd thé tinh cung d6 dong va disn thé pic theo:

RT
Ipic = __Klnlfl.f'ZD”ZrUUZC T ;EPIC _ EUZ + 1’1 nF (1431)
trong dd: Ipic = cuong db cua dong pic hda tan anot kim loai tich gop, A;
K’- hang s6;

C- ndng d6 chit nghién ciiu, mol/m3;
r- ban kinh giot, m;
v- vAn téc quét th& anot, V/s;
- thoi gian dién phan tich gép, s:
E_dién thé cia pic, V,;
E),,- dién th& nita sdng cia chat xac dinh, V;
D- hé s khuéch tan, m?%s;
m- 1a tham s8 ma gia tri va thit nguyén cla ng duge xde dinh theo digu
kién tién hanh dién phan tich gop.
Con khi dién cye lam viée 1a dién cuc mang thiy ngin thi

. , RT dnFLu
IL.=-K'mn‘AvCr, E ., =E,, + —lnp— (14.32)
pic pie 1/2 nF DRT

trong dd: A — dién tich clla mang, m?;

L. d6 day cfia mang, m;

¥

8- d6 day cla 16p khuéch tan trong mang, m;

n- la dién tich ion kim loai.
Chét can xac dinh ¢ th€ duge tich gdp khéng chi dusi dang dung dich trong hén
héng thiy ngan ma con ed thé duge tap trung dudi dang két tda kim loai rd4n hodc dusi
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dang hop chét it tan trén b2 mat dién cuc rdn. Ngay nay, d€ lam
dién cye ngudi ta hay dung graphit bién tinh khong x&p (cacbon
thay tinh), graphit héa luyén, graphit t4m polime d& chdéng xop.

Phuong phap von-ampe nguge duge st dung d€ phan tich
cac dung dich cé ndng d6 rat loang (10°mol.l"! hodc thdp hon).
Day 14 phuong phdp nhay nhét trong cac phuong phap phan tich
dién hda. Dd nhay cta phuong phap nay cdé thé€ so vdi phuong
phap phan tich kich hoat.

Digu can chi y la cang kéo dai thdi gian dién phan tich gdp
thi lugng kim loai chuyé€n tit dung dich vao giot thiy ngan cang
16n, d6 nhay phan tich cang ting. Thi du khi phan tich dung dich
¢ ndng d6 dén 10-? mol I'1, thai gian dién phan tich gdp co thé
kéo dai dén 1 glf’f . - g45 -g40 -03 —g44
14.3.8. Phin tich hop chit hitu co | I 1 |

D&i tuang phan tich cia phuong phap von-ampe khéng chl g 14.15. Pudrng cong
1a cdc chit vo cd ma od thé 1A cdac chit hitu co ¢d kha nang bién  Laa tan anot cda dung
déi dién hoa hoc. Phan ing dién cuc cua cdc hgp chat hitu co dich Ph?* & cic ndng
thudng duge xem 14 ed sy tham gia ca ion hidro. d¢ khéc nhau:

L ndng dd 50 mgs;
R + nH + ne = RH,. 2 hbnz d[;j 100 ggl;
Qu4 trinh phan tich thuong duge tién hanh trong dung dich 3 nbng dd 150 mg/.
dem cd dém dung di 16n.
Cac nhém hitu co hay duge phan tich baing phuong phap von-ampe cd thé la CHO,
~-C = N, -NO,,-0-0-, —S—S— va nhiéu ch&t khac. Trong ditu kién phan tich von-ampe
nhigu hop ch4t hitu cd nhu céc andehit, xeton, hop chat azo, hop chat nitro, cdc peoxit
hifu co cd thé xay ra cdc phan dng dién cuc. Cac axit hiiu co (axit malie, fumaric v.v...)
vA cac este bi oxi hda trén dién cuc Pt.

14.4. Phuong phip chuin ampe

Phuong phap chuin ampe 14 phudng phap phan tich thé tich-ma viéc xac dinh diém
tuong dudng dua vao viéce ki€m tra dong giéi han cha mot cdu tli cd tham gia phan vdng
dién cuc trén thist bi cia phudng phdp phan tich cuc ph8. Trong qua trinh chuin ampe,
sau khi thém titng phin dung dich chuidn ta do cudng dd & dién th& dng vai dién thé
dong gidi han cla ion tugng dng. Theo s6 liéu thu duge ta 1ap db thi hé toa dd: cudng
d6 dong ~ thé tich dung dich chuén, viéc xdc dinh difm tuong duong ciia qua trinh dinh
phan thuc hién bang phuong phap dd thi. Trong phuong phap nay ngudi ta thudng dung
dién cuc Pt quay, dién cuc graphit va cdc loai dién cuc ran Yam dién cuc chi thi.

14.4.1. Duing dinh phin chuidn ampe

Dang duang dinh phan chudn ampe phu thuéc vao thanh phan cia phdn dng tham
gia phan ing dién cye nhu chit xac dinh, dung dich chuén va san phdm phan dng. Thi
du né&u khi dinh phan bac bang iodua, ta dung qua trinh khir bac trén dién cuc guay
platin, dudng dinh phan sé& c¢é dang nhu hinh 14.16. N&u trong khi dinh phan ta lai dung
qud trinh oxi hda ion I trén anot, dudng dinh phan sé c¢d dang nhu & hinh 14.17. Trong
trudmg hop dau, khi dinh phan thl cudng d6 dong gidm vi ndng 46 ion Ag* bi giam do
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Hinh 14.16. Chulin ampe khi  Hinh 14.17. Chulin ampe Ag* khi  Hinh 1478 Chuln ampe axit
khir Ap trén catot. oxi héa I' trén anot. asenic biing kali joduu.

tao két tda Agl, sau khi dat di€m tuong dwong thi cudng do dong khong thay déi. Trong
trudng hop sau, khi ta diing qud trinh oxi hda ion iodua trén anot, néng dé ion iodua
sau khi dat di€m tuong duong sé tang 1én nén cudng do dong sé tang lén sau didm tuong
duong.

14.4.2. Cdc phin itng ding trong phuong phip chudn ampe

Trong phuong phap chuin ampe ngudi ta hay ding cdc phan dng tao két tua, phan
Ung tao phitc chidt va phin ing oxi hda khit lam phan ing dinh phan. Cic phan dng
dung trong phuong phap chuin ampe cting phai dap ing cac yéu cau: phan dng phai
thyc té& hoan toan, van téc phan ¥ng phai dd nhanh... nhu d6i véi moi phudng phap
phan tich thé tich kh4c. NhiBu ion nhu CI*, Br, [-, S03-, MoOj%~... cd thé€ dinh phan
bing dung dich mudi chi & dién theé — 0,4V dya vao qua trinh khit ion Pb2* trén cyc
giot thuy ngén. Sy oxi hoa ion ferroxianua Fe(CN){™ trén dién cuc quay Pt & dién thé
0,7 + 1,0 V dugc dung d€ xdc dinh cdce cation Zn2*, Cu2*, Cd2*, Ca* theo phuong phap .
chuéin ampe. Trong phuong phip chudn ampe ngudi ta cing ding phan dng tao két tua
v0i cac thudc tht hitu cd nhu: 8- oxiquinolin, cupheron, dimetylglioxim... theo déng khi
cac cation kim loai hoac theo ddng khit (oxi hda) cac hop chit hiu co.

Néu trong dung dich cd hai ion cé kha nang tao hop chit kho tan véi chat dinh
phan ma néu tich s6 hoa tan cdia ching da khac nhau, tinh chat dién hda cua hé théng
cho phép thu duge cic dudng dinh phan cd hai diém uén; thi ta ¢é thé chusn ampe mdi
thanh phin ma khéng cin tach ching ra khéi nhau. Thi du ta ¢6 thé chuin ampe hén
hop Cu?* va Ni?* bing axit rubeanic.

Nguti ta cing diung phan ¥ng tao complexonat kim loai bang axit etilen diamintetra
axetic (EDTA) d€ chudn cac ion kim loai khdc nhau. Nho phan Ung nay, ta cé thé xace
dinh hang chyc ion kim loai nhu: Bi**, Fe3*, Fe2*, Pb2*, Zn2*, Cu2*, Cott, Cd2+.. 1a
nhing ien ¢6 kha nang khit dién hoa trong digu kién phan tich. Nho phan vdng tac cac
complexonat, khi thay ddi pH cua dung dich, c¢6 thé tao didu kién xdc dinh titng ion
trong hén hgp ma khong can tach ching ra khéi nhau theo phuong phap chufn ampe.
Thi du, khi xdc dinh cédc ion Pb**+ va Zn2+ trong hdn hop theo phuang phap chudn ampe
@ pH = 1,0+2 ta xic dinh duge Pb*™*; & pH = 4,7+5 ta xdc dinh duoe ion Zn2*. Ngudi ta cang
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tim duge cde phuong phap chuidn ampe cac ion kim loai dua vao qua trinh oxi hda anion
EDTA trén anot la vi dién cyc platin.

Ngudi ta ciing dung cac phan dng oxi héa - khu trong phuong phdp chudn ampe.
Ngusi ta cd thé ding cac chat oxi hda nhu K,Cr,0,, Ce(850,);, KBrO;, I,... 1am chat
chusn dé xac dinh cdc chat khit. Cac chdt khit nhu FeSO,, Na,5,0; ciing duge dung dé
pha ch& cac dung dich chudn khi dinh phan cdc chit oxi hda. Mot vai chdt hitu co nhu
cloramin B, axit ascobic ciing duge dung vao muc dich chudn ampe.

Né&u trong dung dich cd hai chat oxi hda hay hai chit khi cd dién thé€ oxi hda —
" khit khac nhau di 1dn, ta cd thé xdac dinh ching trong hén hgp theo phuong phéap chuin
ampe ma khdng can tach.

14.4.3. PDinh phin vdi hai dié¢n cuc chi thi

Trong nhiing nam gan day, ngudi ta thubng dung phudng phap chuf@n ampe vi hai
dién cuc chi thi. Déi khi ngudi ta goi phuong phap nay la phuong phdp dinh phin dén
"di&m chét". Trong phuogng phdp nay ngudi ta dua vao dung dich phan tich hai dién cuc
platin (hoac hai dién cuc tro khac) va dat vao hai cue mét dién thé modt chigu khéng
lén {khoang 10-2 V), ngudi ta do cudng do dong trong qué trinh dinh phan. Trudc khi
bat dau dinh phan, giita cdc educ cd mdt dong rat bé hodac khong cd dong vi khdng co
cap oxi hda — khit khi dién thé& giita cdc cyc qua bé. Khi ta nhé dung dich chuidn vao
dung dich phan tich sé 1am xudt hién trong dung dich hai cap oxi héa - khi. O truéc
diém tugng duong, trong dung dich c¢é mét lugng ding ké cic cdu tlt cua cip oxi hda
— khir tac thanh tir chdt cAn phan tich. Con sau di€m tuong duong, trong dung dich lai
gidu cac cdu tit cla cap do chét chuin tao thanh. Dang cta dudng dinh phan phu thuée
chii y&€u vio cic cap oxi hda — khd thuan nghich nay. Néu ca hai cap oxi hda - khit
thuin nghich thi du dinh phan Fe(II) bang mudi Ce(IV).

Fel*, Ce®t = Fe?* + Ce3*.
thi dudng dinh phan sé cd dang nhu & hinh 14,19a,

Khi ta thém vao dung dich phan tich mét lugng dung dich Ce‘“‘ diau tién trong dung
dich s& xuit hién cap oxi hda — khit Fe3*/Fe?*, trong mach sé xuit hién dong do sy khit
Fe?* trén catot va su oxi hda Fe?* trén anot. Do tinh thudn nghich cao cua hé théng
ma phan t@ng dién cyc cd thé xay ra
ngay khi ¢é dién th€ nhd nhat giang
trén dién cyc. Cung dd dong sé tang
cho dén khi gan nua luong chét
nghién ciu la Fe?* dd tham gia phan

dng, sau dé cudng dé dong lai gidm
dén gin bang khéng tai diém tuong
duong. Sau diém tuong duong, trén Ty '

catot lai x4y ra qua trinh khd ion
Cet*, con trén anot lai xay ra qua @) &)

trinh oxi héa ion Ce3* va dong dién
chay qua mach lai xuét hien. Hm{; ]:‘4.19. th:lh‘n m:t:m \I':ri hai :n;: ;qcht;hl thh]:
. N . a- ¢ hai ¢ip oxt hoa - khir thudin nghich; b- chiit phin
Né&u hé théng duge tao thanh tu tich khong thuin nghich, chiil chudin thuin nghich

-
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chdt phan tich la cap oxi hda - khit thuan nghich thi du Fe2*, cdn chét chu&n la bat
thuan nghich, thi du KMnO, thi duding dinh phan & trude diém tuang duong sé cé dang
nht & hinh 14-19a vi ca hai trudng hop & truée diém tuong duong déu la hé thdng thuan
nghich. Tuy nhién sau di€m tuong duong thi dong sé khéng tang vi khéng co su oxi hda
ion Mn?* trén anot.

Néu ta tién hanh dinh phan chit phan tich khong phai 1a cap oxi hda — khit thuan
nghich bang dung dich chu#n la cap oxi héa —~ khit thuan nghich, thi trude di€m tuong
duong sé khéng ¢6 dong, sau di€m tuong dudng cudng d6 dong sé ting nhanh. Dudng
dinh phan e¢d dang nhu & hinh 14-19b.

Thi du trudng hop dinh phan dung dich KMnO, badng muéi Mo hoac dinh phan dung
dich Na,S,0, bing dung dich iot. _

Phuong phdp dinh phén véi hai dién cvc chi thi ¢4 nhay va du chinh x4c. Phuong
phap duge sit dung d€ phan tich cic dung dich ¢é ndng 46 dén 10-5 mol 7! hoac bé ldn
mot cdch thuan lgi. V& mat thiét bi phuong phap chudn ampe cd hai dién cue chi thi
don gidn hon phudng phép diing moét dién cuc chi thi. Khi dinh phan theo phuong phap
hai dién cyc chi thi, ta khang can xay dung dudng dinh phan vi diém tusng duong dugc
xdc dinh theo sy ngiing d6t ngdt hoac xudt his» dong dién.

14.5. Ung dung cta phuong phdp von-ampe

Ngay nay phudng phap von — ampe da dugc st dung rong rii trong qua trinh phan
tich nhidu hgp chdt v6 co cing nhu hitu co. Phuong phép thich hgp cho viéc phan tich
nhigu ion kim loai nhu Cd, Co, Cu, Mn, Ni, Sn, Zn, Fe, Bi, U, V va nhitu kim loai khac
trong cac déi tugng: d4t, da, quang, kim loai, hop kim 1 cac déi tugng ty nhién va san
phdm cong nghiép. Day 1a phuong phap 6 d¢ chinh xdc, d§ nhay, do chon lge va d6 tin
cay cao. Khi cdc hgp chdt cd dién thé nia sdng khéc nhau da 16n (thuang thi khi AE,,,
= 100 mV) ta cd th€ dong thdi xac dinh nhigu hop chdt trong cing mot dung dich ma
khong can tdach ching ta khéi nhau. Ngay nay ngudi ta da thiét ké va ché tao cac mAay
phan tich von-ampe nhigu chic nang cd thé xac dinh dong thdti 8 hgp chdt trong cing
mot dung dich ma khong can tdch chiing ra khdi nhau. Viéc xust hién cdc may tinh ca
nhan cd van tdc tinh todn da 1én da cho phép tu dong héa duge qua trinh phéan tich cdc
chdt theo phuung phap von-ampe. Viée xudt hién cdc mdy tinh cd nhan vdi cdc bo vi
XU Iy manh, van tdc tinh toan lén ciing da gitp viéc ghi cac qua trinh nhanh, nhu trong
phuong phdp von — ampe quét th& nhanh, thyc hién duge dé dang, tin cay. Phuong phap
von-ampe cling dudge dng dung d& xdc dinh cde hgp chit vd cd, hitu co trong cac san
phd&m sinh hoc quan trong nhu m&u, md, cdc san phdm sita, nudc udng v.v...

Phuong phdp chuin ampe duge dng dung dé xde dinh cde ion kim leai, cac anion,
cic hgp chdt hitu co trong nhidu sin phdm ty nhién, trong cdc sin phdm coéng nghiép
nhu sian phdm cia cdc nganh luyén kim, hda chat. Diing phudng phap chudn ampe ta
¢d thé xdc dinh da s6 cdc chdt cd trong bang tuin hoan khi dung céc phan ung dinh
phan khédc nhau (phan dng két tla, tao phitc chat, oxi hda — khi). Viée dung cde thuse
thit hitu co trong phusng phap chudn ampe cho nhitng thanh twu rit ddng chd y vé tinh
chon loc, 46 nhay. Dung phuong phdp chuin ampe cd th€ xdc dinh nhanh cdc chat &
noéng do bé (10-5 mol.l'! hodc bé hon).
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Phuong phdp cuc phd ¢ dién binh thudng cd sai s6 phan tich khodng + 2% 0 cac
dung dich ndng d6 103 = 104 mol.l"! va ¢d sai s6 khoang + 5% 0 cdc dung dich cd ndng
dd loang hon.

Phuong phap chudn ampe cho két qua cd d¢ chinh xdc va dd nhay kha cao, thiét bi
lai khéng phidc tap, dac biét khi dinh phan véi hai dién cuc chi thi.
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CHUONG 15

PHUONG PHAP DIEN PHAN VA DO DIEN LUONG

15.1. Dinh luat vé sy dién phan
Dién phéan 13 qua trinh phan hay cdc chat dudi téc dung cta déng dién mot chisu.
Trén catot (n6i vdi cue 4m cia ngudn dién) sé& x4y ra sy khi; thi du:
Fe3t + ¢ = Felt
Cu?* + 2e = Cu
Trén anot (néi véi euc duong cia ngudn dién) sé ¢ su oxi hda, thi du:
2C1™ - 2e = Cl,
Khi dién phan cdc mudi sunfat, photphat va vai mudi khac, trén anot thudng khong
x4y ra sy oxi hda sunfat hay photphat ma 14 sy oxi hda ion OH -
20H™ - 2 = %oz + H,0
Trén anot khong chi xay ra sy oxi héa anion ma cg thé ¢ sy oxi hda cation kim
loai nhu fon Pb2+ d&€ thanh chi dioxit.
Pb%* + 2H,0 - 2e = PbO, + 2H*
Dinh luat co ban vé sy dign phan mang tén Faraday:

1- Khéi lugng cac chidt thosat ra trén dién cuc ti 18 voi lugng dién chay qua dung
dich.

2- Khi lugng dién chay qua dung dich nhu nhau thi trén dién cyc s€ thodt ra lugng
vat chdt tuong duong:
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C6 thé bi€u dién dinh luit bing cong thic:
QM M

m = = (15.1)
96500 96500

trong do:
m - khéi lugng vat chat thoat ra trén dién cuc;
Q@ - luong dién chay qua dung dich;
M - khéi lugng mol dugng lugng cia cac chat;
96500 1a s6 Faraday, 1a lugng dién cén thiét d€ co thé lam thoat ra mot mol
dudng lugng;
I - cudng dé dong;
¢t - thoi gian dién phan.
Dac trung quan trong cia qua trinh dién phan la hiéu sult dong bang ti 1é giva
lugng chit thuc t& thoat ra trén dién ede va lugng chét can phai thodt ra trén dién cuec

tinh theo dinh luat Faraday vdi phuong trinh (15.1). Hiéu suét dong dién 6 theo dinh
nghia duge tinh theo hé thie:

trong dd: # — hiéu suit dong cua phan Ung dién cyc;
q; 12 lugng dién tiéu thu cho mét phan vng dién cuc da xet;
Zq; 1a lugng dién chung chay qua mach.
Thudng thi 8 < 1. Mudn cd 6 cang gan vdi 1 ta phai chon digu klen dé khong xay

ra cdc phan Ung phu cing nhu han ché d&n mic thip nhat hi¢u ding nhiét eda dong dién
(theo dinh luat Ohm).

15.2. Pién thé& phan huy va qua thé

Theo dinh nghia, dién th& phan hiy la syc dién dong bé nhét cia ngudn ngoai can
dat vao hai cye cha binh dién phan dé su dién phan x4y ra lién tuc trong mét sd diéu
kién ndo dd.

Dién thé& phan hay phai 16n hon sde dién déng cla pin galvanic thuan nghich do hé
théng cuc binh dién phan tao ra. Dién thé du nay giy ra do nhiéu nguyén nhan. Mot
trong cac nguyén nhan la do dién trd R cta binh dién phan

Thee dinh luat Ohm ta cd:

E’ch - EN

R

I =
hay
E', =IR + Ey
trong dd: I — cudng d6 dong, A;
E’, — dién thé chung dat vae hai cuc birh dién phan, V;
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EN — sidc dién déng cia pin galvanic tinh theo phuong trinh Nernst, V.

Tuy nhién d€ sy dién phan xay ra lién tuc thi ta can dat vao dién cuc cha binh dién
phan dién th€ E, > E’, vita tinh. Su gia tang dién thé dat vao hai cuc d& qué trinh
dién phan xay ra lién tyc duoc goi la qua the:

E, =Ey+IR +q (15.2)
trong do: E , — gia tri thuc cua sdc dién dong cia nguodn ngoai dat vao hai cuc dé sy
dién phan xay ra lién tuc;
n — qua thé,

Qua th€ phu thudc ban chit cua dién cuc, cde thanh phan cia phan dng dién cuc,
trang thai bé mat cia dién cuc, didu kién tién hanh dién phan (mat dé dong, nhiét da).
Ngudi ta tim thdy rdng dién cuc c6 b mat nhéin bong ¢d qua thé lén han cde dién cve
¢6 b& mat nhdm, rap; qua th& khi thoat kim loai bé han khi thoat khi. Mat do dong dién
tdng qua th& tang, nhiét dé tang thi qua th& giam v.v..

Nguyén nhan co ban cia qua thé la tinh khong thuan nghich eia qué trinh trén céc
dién cuc khi tién hanh dién phan. Trong truong hop sin phdm dién phan 1a chit khi,
¢6 hiéu @ng phy 1a sy lam cham do tao phan ti khi. Dién the dat vao hai eyc khi tién
hanh dién phan bang hiéu sé dién thé& anot va catot.

E,=E,~E +IR

ch

hay

En=(&E, +9)-(E_+n )+ IR {15.3)
trong d46: E, - dién thé anot;
E, - dién thé catot;
%, 7, qua thé& anot va qua thé catot.
Cac dién th& F, E, 12 thé dién cyc anot va thé dién cuc catot. Ta ¢6 thé tinh E, theo
phuong trinh Nernst, Dya vao (15.3) ta cd thé tinh E,, cua mft qua trinh dién phan.
Thi du ta tinh E . khi dién phan dung dich CdS80, 10°M ¢ néng do [H]* = 1 mol.jon./.

Bigt Ecqt*ycy = = 04 Vi E, 0110 = 1,28 V. Cée qua thé 5, = 0,4 V; 7, = 0. Ta c6
E, cla qua trinh duge tinh nhu sau:

) 0,059
Tinh E = Eycat oy + 5 log{Cd**]
=-04+ 00591og 10% = - 057V
E =123V
Vay

Ech = (Ea + ’}a) - (Ek + ’}k)
= (1,23V + 0,4V) ~ (- 0,57 + 0) = 2,20V
Viy dé thyc hién qua trinh dién phan CdSO, trong didu kién da néu, ta phai dat
vao hai cyc binh dién phan moét dién thé lgn hon 2,20V
Trén day ching ta vita trinh bay phuong phép tinh dién ths phan hiy dé cdc san
phdm phan dng bit dau thodt ra trén dién cuc ndi chung. Khi san phdm thoat ra trén
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dién cuc 1a cac kim loai ngudi ta gol dd6 ]a th& thoat kim loai. Trong qua trinh dién phan,
mot tham 6 ma ngudi ta hét side chi ¥ 12 the thodt hidro trén cdc dién cuc trong qua
trinh dién phan. Th€ thoat hidro ré rang phu thudc thé dién cuce hidro va qud thé hidro
trén dién cuc kim loai dd.
Thé& dién cuc hidro duge tinh theo hé thie
E'2H+x}12 = E, + 0,059 log[H"]

con qua thé& hidro ¢d phu thude pH ciia dung dich phan tich trén ting loai dién cuc.
Thi du ta ¢ thé tinh thé& dién cuc hidro & moi trudng trung tinh (pH = 7)

Epytyy, =0+ 0,059 log 107 = — 0,413 V.
4 moéi trudng 1M NaOH sé la:
Entyy, =0+ 0,059 log 1014 = - 0,826 V.

Qua thé hidro trén cac dién cuc cing phu thude pH cia dung dich.
Bang 15.1 trinh bay su phu thudéc qua thé& hidro trén mét s6 dién cuc theo vai gia
tri pH cua dung dich

Bang 15.1. Sy phu thuje cla gua thE hidro theo pH dung dich

Qui thE hidro, V
Hién cuc

Dung dich axit pH =7 pH = 14
Pt 00 04 0%
Ni 021 061 01
Cu 025 0,65 L5
Bi 0388 0,788 L188
Pd 048 : 0,88 128
Sn 0,54 094 134
It 065 L05 145
zn 0,70 L10 L50
Hg 0,78 110 158

15.3. Phuong phéap phan tich bing qua trinh dién phan
I15.3.1. So d0 thiét bi dién phdn

Viée tao cdac két tia bing cdc qua trinh xay ra trén ciac dien cyc cia thiét bi dién
phan thudng duge st dung vao viéc tach va phan tich cic chdt theo phuang phap do
khéi lugng. Trong qud trinh phan tich, chadt phan tich duge tach dinh lugng tit dung
dich phan tich nhd phan tdng dién két tua trén cac dién cuc. Theo khéi lugng cua kim
loai hodc oxit kim loai tach ra ta xdc dinh duge ham lugng nguyén t6 can phan tich cd
trong mAu nghién edu. So do thigt bj dién phan duoc trinh bay trén hinh 15.1.

Dé ¢é dugc ngudn dién moét chidu cung cdp cho binh dién phan, ngui ta cd thé
ding bo nin dong xoay chigu hay mét acquy I cé dién dung du 1n. Dién tré con chay
2 cho phép ta gidng dién th& can thiét cho binh dién phan, dién 4p gidng vao binh dién
phan duge do bang von ké V, cudng d6 dong chay qua mach duge do bang dong ha do
dong A. Kim loai duge thodt ra & catot 5 (néu 12 sdn phdm phan cuc catot). Catot 5 1a
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dién cuc luéi platin, con anot la dién cuc day xo4n hoac
dién cuc ban platin. Khi cho thoat oxit kim loai thi can
phai thay d6i vi tri cia dién cue: dién cuc ludi sé 1a anot

con dién cuc xodn la catot. Trong qua trinh dién phan, . ;"1?
phai khudy dung dich bang may khudy cd hoc hoac may
khudy tu 3. v

Phan tich dién khéi lugng c6 thé xem la mot trong (Fl)

cac dang phan tich khéi lugng. O dang phan tich nay
cac dién tré dong vai tro nhu thuée thi. Két tua kim
loai hoac oxit kim loai thu duge bing phudng phéap dién
két tua la dang két tta va dang can.

Yéu cau quan trong nhit d6i vai dang két tua la
phai ¢ do hoa tan bé va tinh khiét. Déi véi phuong phap
phan tich dién khéi lugng cac yéu cau nay dudgc thuc
hién mét cach 1i tudng, bdi vi da s6 cac kim loai va oxit
kim loai thuc t& khong tan trong nuéc; con khi tach kim
loai hay oxit kim loai bing phuong phap dién phan hiu
nhu khéng cé hién tugng cong két hodc cd thé ngan
ngua cong két bing cach chon digu kién dién phan. Két
taa kim loai hay oxit kim loai thu dugc rit dé& ria va
dé can.

15.3.2. Tich bing phirong phdp dién phéin Hinh 15.1. Sor d6 binh dién phin.

Néu can phai phan tich dung dich ¢ chia hén hop
nhiéu ion ma khong muén tich ching ra khéi nhau bang mot qua trinh tach khac, ta
c6 thé tién hanh tach ching bing qua trinh dién phan v6i st khéng ché& chat ché dién
thé giang vao hai cuc cta binh dién phan. D& lam dugc viéc dd ta can dua vao so do
mot dién cuc phu cé dién th& khong ddi (thi du dién cuc calomel) va so d6 dugc diéu
khi€n nhd mét cdu tric dién td, cdu tric nay lién quan dén trang thai lam viéc cta dién
cuc phu. D€ lam dugc viée do ngay nay nguoi ta dung mot thiét bi la potentionstat.

Dé€ di dén két luan c6 thé tach duge hay khong tach duoc hai kim loai ra khéi nhau
bang phuong phap dién phan, ta c¢6 thé dua vao cich tinh sau day.

Gia sl can tach hai kim loai Cu va Zn ra khéi nhau tit dung dich cdc muéi sunfat
nong do 0,1M. Dién thé& tiéu chuin E,cu?t)c, = 0,345V, E Zn?t,7, = = 0,764V. D€ biét
cdc dién th& can khéng ché nhim dat duge yéu cau tach hai kim loai, ta ¢d thé tinh
toan dua vao phuong trinh Nernst.

D& co thé tach Cu khéi dung dich bang phuong phdp dién két tia ta cin cd th&
catot:

‘ 0,058

E, c*c, = 0,345 + log 0,1 = 0,316V

Va d€ tach Zn ta cin cd th& catot:

0,058
2

E, zntt)z, = — 0,764 + log 0,1 = — 0,793 V.
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Vide tach Cu duge xem 1a hoan toan néu ndng d6 ion Cu?* con lai trong dung dich
1a 10-% mol. I'! hoac bé hon. Dua vao dd ta cd thé tinh dién thé catot can thiét d& tach
hoan toan Cu =& la

0,058 P
E, ci/cy = 0,345 + =5 log 106 = 0,171 V.
tie lic dien thé catot chua dt dé Zn két tha lén dién cuc. Vay van dé cd thé€ dung
phuong phdp dién phan dé tach Cu khdi dung dich cd Zn?* da duge khang dinh.

Ta c6 thé thi tim ndng d6 ion CuZ* cdn lai khi b&t dau két tiua Zn kim loai trén
catot:

o8
log[Cu?*]

~ 0,793 = 0,345 + —
- 0,793 - 0,345
ti do ig[Cu?*] = = — 39 nghia la
0,029

[Cu**] = 10 mol/!

Digu d¢ khang dinh da tich dugc hai kim loai ra khéi nhau.
Mat khdc trén anot s& thoat ra oxi theo phan dng

H,0 —2@:%024-211’r
Thé dién cuc anot & [H*] = 1 mol. I"! c¢d thé tinh theo phuong trinh Nernst:
Eoy 0= 123 + 0,058 log 1 = 1,23 V.
Qua th& oxi trén dién cuc platin tron véi mat d6 dong 0,001 A/em? 13 0,78V va qua
the sé tang khi tang mat d6 dong. Dién th€ anot ¢d tinh ca qud thé sé la:
1,23 + 0,78 = 2,01V
Hiéu s6 dién thé d& cé thé tach hoan toan Cu cd thé tinh theo phuong trinh 15.3:
E, = 2,010 - 0,171 = 1,840V
Ta ciing cd thé tinh dién th& bAt dau thoat hidro trén catot. Vi sau qué trinh dién
phan trén dién cuc platin sé cd Cu kim loai bam vao, theo s8 tay hda li ta cd thé tim

thiy qua thé hidro trén dién cyc Cu & [H*} = 1 mol I'! 1a — 0,94V, Ta c6 thé tinh dién
thé& thodt hidro theo (15.3) sé la:

E, =201-(-1094) =29V

Do dé trong digu kién két tva dinh lugng Cu (E = 1,8 + 2,0V) viéc thoat hidro sé
khong xay ra.

D& ngan ngita viéc thoat hidro trén catot do su thay d8i nglu nhién dién thé, dac
biét & cubi qué trinh dién phan hay do nguyén nhan nao dd, ngudi ta dua vao dung cich
phan tich khi di¢n phan tach Cu, mét it axit nitric. Trén catot NOJ cd thé bi khd dén
NGy (E()NOEXNOE_ = + 0,94V) hay NH,* (EDNO::T/NHI = 0,87V). Sy khit ion NO,~ sé
XAy ra & dién the:

E, =201 - 090 = 1,1V
Do d6 khi trong dung dich ¢d NO,~, trén catot sékhong thodt ra hidro. Cdc chat
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dua vao dung dich dé ngin ngia cac qua trinh dién cyc khong mong mudn, dugc goi la
chat khit cuc. Trong trudng hop xdc dinh Cu, ion NO3 la chat khtt cye chong thoat hidro
trén catot. .

Cac két qua tinh todn tuong tu cing ching minh rang viéc tach cic kim loai bang
phuang phdp dién phan ed thé thue hién duge néu hisu cac dién thé tiéu chudn khide
nhau ¢d 6,20 + 0,30 V trd lén. Tiéu chu&n nay cho phép dua vao dién thé tiéu chuin
dé phan dodan kha nang tach cic kim loai khéi nhau v&i mét cap kim loai bat ki nao dg.
Thi du, ta c6 thé tach Ag (E(,Ag-*/Ag: 0,734V) khi ¢6 mat Bi (B, pid*,g = 0,23 V); Cu
(B, cu2t/ey = 0,345 V) va nhigu kim loai khde. Nhung khong th& thye hisn viéc tach Ag
khoi Hg {E(,[.{g2+4_;g = 0,850V). Ta c6 thé tach Cu khi ¢ mat Zn (E 2n2*,, = — 0,76V),
Cd (E pg2+,oy = —0,408V) va Pb (E,pp2typ, = — 0,126 V). Nhung néu dé tach Cu khai
Bi, ta phai kiém tra chat ché thé catot khi tién hanh dién phan.

Sy thay d6i pH hay viéc dua vao dung dich chit tao phic s& gay Anh hudng lon dén
thé dién cuc. Viée ung dung céc y&u to nay sé& gitip ta md rdng kha nang tach va phan
li cac chdt bang phuong phap dién phan. Thi du khi dién phan Co va cdc kim loai cg E,
< 0, viéc thoat hidro tit mai truéng axit s& cdn tré viée tach. Khi giam dé axit clia dung
dich kha nang thodt hidro trén catot sé giam di va v& nguyén tdc cd thé thuc hién dién
phéan tach dugc nhigu kim loai. Ta thit tim véi gia tri ndo clia pH, ta cd thé dién phan
tach niken. Viéc két tia hoan toan niken sa dat duge khi

0,059

E = E 2t + logl0¢ = ~ 0,288 + 0,029 log 106 = — 0,40 2V

D& voi dien ths nay khong thodt hidro trén catot thi pH cha dung dich phai la:

- 0,402 = 0 + 0,058 log [H*]

va log[H*] = - 7

nghia 14 vai pH > 7 thi hidro khong thoat ra trén dién cuc va ta cd thé vhye hién
viéc tdch dinh lugng niken bing phuong phap dién phan. Tuy nhién thyc t& viéc dién
phan niken duge thue hién trong dung dich phiic amoniac. Nhung viéc tao phic amoniac
lai lam thé dig¢n cuc cta niken chuy&n vé phia 4m hon, Dé ngan ngia viéc thodt hidro,

ta lai phai tiép tuc tang pH cta dung dich. Dién thé& tiéu chuin niken trong dung djch
amoniac sé bang:

- . — 1080
EuNi(N}13)§+/Ni - E(1N12+/Ni — 0,0291g ﬁNi(Nl[3)2+ ;B Ni{NH;) ~ 10541
=-0,228 - 0,029.8,01 =-0,460 V
bién thé d& tdch hoan toan niken ti dung dich amoniac sa dich chuyén vé& mién am
han va:
ENi{NH:;}E P = —0,460V + 0,029 log 106 = — 0,634 V
Tu d6 ta tim duge ndbng dd ion hidro tai d¢ khong thoat hidro g catot khij dién phan
g6 lél_
- 0,634
0,059

¥

log[H™] =

= —11 hay 0 pH = 11.

Trong dung dich NH,OH 1M pH sé& 1a 11,5. Do d¢ véi dung dich phan tich c6 ning
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d¢6 NH,OH 1M thi viéc dién ph&n niken sé khéong ¢d hidro thoat ra va sé thuc hign t6t
viéc tach niken bang phuong phdp.dién phan.

Vay sy thay ddi th& dién cuc khi ¢6 chét tao phuc.la mét bién phap dé digu khién
phan dng dién cuc cd hiéu qua, Viée didu chinh cdn than pH cia dung dich cing nhu
chon chit tao phiuc, ndng dé chit tao phuc thich hop sé cho phép tao didu kién dé tach
cde kim loai ¢ dién thé tidu chudn tuong d6i gin nhau. Thi du v&i hén hop cd 4 ion
Cu2*, Bi®*, Pb2+, Sn2t trong dung dich tactrat trung tinh véi dién thé — 0,20V; — 0,40V
va — 0,60V ta cd thé cho thodt ra lién tiép trén catot va can ciac kim loai Cu, Bi, Pb.
Sau dd axit hda dung dich dé phd hiy phic cia Sn rdi mdi dién phan Sn.

Khi tién hanh tich mot kim loai tit dung dich, thudng ngudi ta co th& diing loai
thiét bi don gian, khong can phai duy tri dién thé mot cach chat ché. Khi cin ngudi ta
¢é thé diing chat tao phuc d& lién két vdi ion can trd thanh phic ben, phic khong bi
khir dién hda trong digu kién phan tich. Phuong phap dién phan khéi lugng thuong dung
d€ xac dinh Cu tit dung dich axit sunfuric cé mat lugng nhé axit nitric, xac dinh Ag va
Cd tit dung dich xianua, niken ti dung dich amoniac v.v...

15.3.3. Pién phin vdi catol thiy ngin

Nét dac biét ciia qua trinh dién phan véi catot thiy ngan la c6 qud thé& hidro lén
va c6 thé tao hén héng v6i nhitu kim loai. Qua thé hidro trén dién cyc thiy ngan vugt
qua 1V, vi vay khi dién phan voi catdt cd thé lam thodt ra nhiéu kim loai ma khi dién
phan véi dién cuc platin hoac dién cuc khac khong thé thuc hién dugc. '

Khi dién phan trén catét thuy ngan sé cho thoit ra cdc kim loai Bi, Co, Cr, Fe,
Mo,Ni, Os, Pb, Pd, Pt va nhiéu kim loai khac, tit ca hon 20 nguyén td. Cac kim loai
nhu Al, V, U, Ti va vai kim loai khédc khong thoat ra trén dién cuc thuy ngan. Vay khi
dién phan véi catdt thay ngén, ta cé the .ch lugng 16n Fe, Cr, Cu khéi V, Ti va mét s&
nguyén té khac. Digdu dd cho phép lam don gian va phan tich nhanh mét s§ ddi tugng
khoang vat, quang hop kim v.v...

15.3.4. Phuwong phdp néi di¢n phin

Trong phuong phap ndi dién phan khéng chn diung ngudn dién ngoai. O day ngudi
ta dung cach cho kim loai c6 dién thé& dién cyc dugng thoat ra tit dung dich mudi cia
nd bang kim loai ¢6 thé dién cue am hon. Mot ban kim loai it quy dung lam anot duge
noi voi catot platin. Kim loai quy hon (cd thé dién cuc duong hon} so voi kim loai lam anot
$& bam vao cuc platin, Khi ham lugng kim loai phan tich bé, viéc két tla kim loai trén
vOi catét platin khong d gl phic tap. Nhung khi ndng 4o chat nghién citu lgn, bén canh
viéc két tua trén catot, cing cd thé ed kim loai thoat ra trén anot. D€ loai tru hién
tugng nay ngudi ta cd thé phi anot bang mot mang mong colodiéng hoac ngan cdch
anot va catot bing mot mang xop.

Mot thanh tuyu quan trong cta phuong phap noi dién phan 1a cd thé thuc hién viéc
tach rat tinh vi, vi trén catot platin chi cho thoat ra kim loai "quy hon® kim loai lam
anot.

Thi du néu dung Pb lam anot thi trén catot platin chi thoat ra cdc kim loai ¢d dién
thé tiéu chufn 4m hon dién thé tidu chuén cap Pb2+/Pb (E py2+,p, = — 0,126 V). Béng
cdch thay ddi anot, ngudi ta cd thé tach cde kim loai c¢6 dién thé& tidu chuéin gin nhau.
Mot wu diém khac ctia phuong phap la thist bi ding cho vi¢e tach hét sic don gian, co
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thé thuc hién & bat ky phong thi nghiém nao. ,

Sau khi tach duge kim loai, ngudi ta cd thé can catot platin d& tinh ham lugng kim
loai nghién edu. N&u khéi lugng két tia qua bé, viéc cian két taa khéng du chinh x4e,
ta cd thé héa tan kim loai bing dung mdi thich hop, sau dé phan tich kim loai trong
dung dich bang cdc phuong phap thich hgp. Vay ta cé thé ding phuong phdp néi dién
phan nhu mot bién phap vita d& tich via d& lam giau. Vi sau khi tach trén catot platin
ta ed th€ hoa tan kim loai da tach bing mot thé tich nhé dung mai.

15.4. Phuong phép do dién higng

Phén tich do dién lugng la phuong phép phan tich dua vao viée do lugng dién tiéu
tén cho phan ing dién hda (khu hay oxi hda) véi digdu kién d& hiéu sust deng dat 100%.

Cd hai phuong phap phan tich do dién lugng: phuong phap truc ti€p va phuong phap.
chudn do dién lugng. Trong phuong phap phan tich do dién lugng truc tidp chdt phan
tich truc ti€p bi bién ddi dién hda trong binh phan tich do dién lugng. Trong phuong
phdp chudn do dién lugng, chat phén tich tic dung truc tiép véi thuée thi dinh phén,
thude thit dinh phén lai dudge san sinh ra tir binh do dién lugng khi dién phan mét dung
dich dic biét da chon,

15.4.1. Phan tich do dién lwong véi viéc ki€m tra dién thé

Phudng phdp do dién Iugng kidm tra dién thé& hay phuong phdp potentionstat duge
st dung réng rii trong phudng phéip do dién lugng truc ti€p. Su db thist bi phuong phap
do dién lugng vdi viéc kifm tra dién th& duge trinh bay trén hinh 15.2. .

Dién th& tit binh acquy 1 duge dat vao dién cuc 4 cua binh dign phan qua phan ap
2. Dién thé dién cuc duoe do bang milivonmet hay dién thé k&, Cutng d6 dong dién dugc
do bang dong hé do ampe. Luong dién tidu tén cho qud trinh duge do bing may do
culong 6. Trong cac loai thiét bi hién dai, ngudn dién dugc cung cdp tU ngudn 6n 4p
bang thiét bi dién td, do 14 cac potentionstat 13 mot loai thigt bi chuyén dung, ¢S thé
dat cdc dién thé chinh xdc d&n + 10mV trong pham vi — 2,5 V dén + 2,5V Dién the
cta dién cde lam vise duge gidng nhi duimg
cong phan cyc 7 - V trong mién dat duge
déng gidgi han.

Dién cyc lam vide trong binh phan tich
do dién lugng thudng 13 disn cuc bang platin
hoac thiy ngan. Dsi khi ngudi ta cling dung
cuc vang, cuc bae, cuc graphit lam cuc lam
viée, Dién cuc phu duge ché tao bing cung
loai chat liéu. Dién cuc lam viée va dién cue
phu phai cdch biét nhau, ching duge tigp
xtc dién v8i nhau qua mang x6p. Dién cuc
so sanh 3 thudng la dien cuc calomel hay
dién cvc bac clorua. Lugng dién tiéu tén cho
cdc phan dng dién hda cé thé duge do bing
bo phan tich dong, bing may do culong hay g, 15.2. So db thi€t bi do dién lwony
bang tinh todn. khi kigm tra dién thé.




260 PHUONG PHAP DIEN PHAN VA DO DIEN LUONG

May do culong duge méc ndi ti€p vao hé théng va cudng do ddong chay qua may do
¢ing chinh 1a cugng do dong chay qua dung dich phan tich. Do dé trong mdt khodng
thoi gian xac dinh, lugng dién chay qua may do ciing chinh 14 lugng dién qua dung dich
phan tich. Trong cdc may do dién lugng, ngudi ta thudng diing mét phan dng dién hda
hoc da biét va cd higu sudt dong 100%. Do dg viée do dién luong qua may chinh la do
san phdm ctia phan dng dién hda ndi trén trong théi gian dong chay qua.

C6 nhidu ki€u may do dién lugng. C6 may do dién lugng dva vao do thé tich khi
thodt ra do phan tng dién hda trén dién cuc goi 1a may do dien lugng kiéu khi. Cé loai
may do dién luong lai ding cach do khéi lugng chdt rdn thoat ra trén dién cuc. Thi du
e loai may do dién luong dua vao khéi lugng Cu thoat ra khi dién phan dung dich
CuS0,, cd loai lai dung cach do khoi lugng Ag trong qud trinh dién phén dung dich
AgNO, v.v..

Doi khi thao tdac can cac kim loai thoidt ra & catot (thi du Cu hay Ag) dugc thay
bing qud trinh hoa tan anot nhy déng mot chidu. Khi bist thdi gian hoa tan va cudng
d6 dong, theo cong thie (15.1) ngudi ta tinh dugc kim loai thoat ra. Phuong phap viia
méi d& xudt tuy khong hoan toan tét, nhung tigt kiem duge thdi gian ma két qua cing
khong bi sai léch.

Khi phan tich do dién lugng tryc tigp, thi du Sn(IV) hay Fe(IIl), trong binh phin
tich s& xay ra phan dng khi Fe(IIl) -~ Fe(ID va Sn(IV) -» Sn(II). Khi ndng 45 ion bi
khit giam thi cudng d6 dong chay qua mach giam. Sy gidm cudng do dong tuan theo
quy luat:

I =IeX - (15.4)
trong dd:
I, — cudng do dong tai thai digm ¢
I, - cudng do dong ban dau; :
K - hing s6 phu thudc hé s6 khué&ch tan, dién tich b8 mat cla cyc va mot s6 yéu
t6 khac. '

Dya vao phuong trinh (15.4) ta cd thé tinh lugng dién @ tiéu t6n cho qua trinh bién
ddi dién hoa chdt nghién ciu va:

(=]
Q@ = [fI dt (15.5)
' Theo (15.4) ta cd:
oo = I -
Q = [Idt =1, fe K == (15.6)
(23 : ] K
Ta cd th8 xac dinh K bang do thi.
Lay logarit (15.4) ta ca:
Inl, = Inf, = K¢
Kt ,
hay logl, = logl, — —— (156.1}
2,303 .

Db thi (15.7) chinh la dutng thang cd hé sd gdc K/2,303,
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Dudng thing nay sé cdt truc tung tai diém log I, Trong thuc t& it khi qua trinh
kéo dai qua 30 phuat.
Khdi lugng chit xac dinh duge tinh theo cOng thic:

m = --Q— .M (15.8)
96500
Trong vai trudng hap, ta cd thé gap khd khan néu qua trinh cg dong du lén. Trudng
hogp nay ta phai hig¢u chinh dong dv dua vao cudng dé va thdi gian dién phan.
Nhu vay lugng chit phan tich duge tinh theo (15.8) dva vao dai lugng @ da tinh
duge bang ngoai suy I va K theo (15.7). '
15.4.2. Phdn tich do dién lwong khi ki¢m tra dong

Trong phuong phéap do dién lugng khi ki€m tra dong {phuong phap chudn do dién
lugng), nguai ta dung thist bj d& duy tri cuong do dong khong d8i. Trong phudgng phap
nay, do thuée thi dinh phan dugc sinh ra madt lugng chinh x4dc tuong duong vdi lugng
chat nghién citu, nén néu bist‘chinh xac lugng dién tiéu t6n d& san sinh ra thudc tha
dinh phan, ta ¢¢ thé tinh ham lugng chat nghién ciqu.

S0 dd khgi cta thiét bj chudn do dién lugng duge trinh bay trén hinh 15.3. Nho bd
didu khi&€n 4 ngudi ta cung cép
dong cd ngudn dién 4p 6n dinh I (1a
acquy hay bd nin dong) qua dién
tréd 2 va dong ho do ampe 3. Cuimng

d6 dong khéng thay ddi chay qua - '
mach san sinh thusc thi dinh phin |
| J

dugc ki€m tra bing dién thé k& 6 ! | | ,

khi cho giam &ap trén bo dign trg RSE— £ 10
méu. Viéc b&dm déng hd do gidy & E] T

cing dong thoi déng mach bo san &I s |1k =k

sinh thudc thi dinh phan nhd bs 8 2~ ~- - Tg

didu khi€n (déng cdc cuc 8, 8 cda
b6 sinh thude thit dinh phan). Di€m
két thic phan dng duge xac dinh
nhy dién cuc chi thi 9 va may do
dién thé& 10. Thudc thi dinh phéan
duge sinh ra do két qua dién phfin trén dién cuc 8 (dién cwc lam viéc ciia bd sinh thutic
tha), Dién cuc thi hai cta so db mdy sinh thude thi dinh phan dugc goi 1a dién cuc phy
8’. Dién cuc phu thudng duoe cach li véi dung dich phéan tich biing cach dat trong mot
6ng cd day bing thiy tinh x6p vi san phim sinh ra trén dign cuc phu thuing can trd
qué trinh phan tich do dién lugng. Dién cuc chi thi cd thé 1a hai dién cyuc bach kim, néu
ta dung phuong phap chi thi la do ampe, hodc dién cuc bach kim ~ calomel né&u ta dung
phudng phdp chi thi dién the v.v... Nguti ta ciing cd thé ding phan ¥ng mau dé nhan
biét diém tuong duong. Khi dg viée nhan biét di€m tuong duong cd thé bang phuong
phdp quang phé do quang, hoac phuong phap nhin bing mat.

Ngoai ki€u thist bi vita ma ta, déi khi ngudi ta con ding loai thi&t bi cd bé sinh
thudc thit dinh phan riéng & bén ngoai, Trong loai mdy nay, thude thi dinh phan duge

Hink 15,3 So db kbdi cia thict bj chubn do dién lwong,
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sinh ra @ mot ngan riéng bén ngodi, sau dé duge dua vao binh phan tich dé€ do tac dung
véi chat phan tich, Ki€u thiét bi nay hiém dugc s& dung nhung déi khi rat can. Thi du,
khi can xac dinh axit nhd lugng ion OH™ sinh ra khi dién phan H,0:

trén catot: 2H,0 — 2¢ = H, + 20H~™

trén anot: 2H,0 — 4e = O, + 4H*

D& tranh viéc dua san phZm H* sinh ra trén anot cia binh dién phan vao dung dich
phan tich, ngudi ta dung thiét bi sinh OH™ tlif ngan riéng & bén ngoai.

Phuong phap chudn do dién lugng cd wu di€m so vdi cac phuong phap chudn khac.
Uu diém r6 nhdt 1a khéng can pha ch€ sin cac dung dich chuin cd ndng do biét trude.
O day thudc thk dinh phan dude sinh ra truc tiép bang phueng phdp dién hda cd mat
chdt can phan tich v6i lugng vita dt cho phép dinh phan da chon. Didu d6 cho phép ta
c6 thé dinh phan cdc chét it bén hoac dé bay hoi nhu Cl,, Br, hay cdc hgp chit Cu(b,
Cr(Il) va c6 thé phan tich cic chét cd lugng can bé, do ta cd thé didu khién dong chi du
dé sinh nhitng luong nhé thudc thi dinh phan. V6i phuong phép chudn do dién lugng, ta
¢6 thé xac dinh hau hét cdc nguyén t6 va cd thé dé dang ty dong hoa qua trinh dinh phan.

15.5. Ung dung ctia phuong phép dién phan va do dién lugng

Phuong phap dién phan 12 phuong phap phan tich cd dé chinh xédc cao: sai s6 cta
phép phan tich khéng qua 0,1 + 0,28%. Mot vu diém quan trong cua phuong phap la
trong nhidu trudng hgp, c¢d thé tign hanh dinh phan nhiéu nguyén td trong cung mét
hén hop ma khéng chu tach ching ra khéi nhau. Thiét bi phan tich lai kha don gian.
Han ché cia phuong phép 1a 6 nguyén t6 phan tich bang dién phan khéng nhiéu, ham
luong chit nghién edu phai du 16n, thai gian phén tich thudng kéo dai.

Hudng phat trién cta phuong phap **4n phan khéi lugng 1a tim didu kién d& cd thé
tach va xdc dinh cdc nguyén t& trong hén hop phic tap ma khong can tach. Tim cich
hoan thién phudng phap néi dién phan cing la huéng dé md rong pham vi dng dung
phuong phdp dién phan vao cic muc dich thuc té

Phuong phéap do dién lugng duge st dung kha rong rai. Da cd nhiéu phudng phép
phan tich cac nguyén td Sb, As, Bi, Cd, Cu ... theo phuong phap do dién lugng truc tiép.
D4 ¢6 cac phuong phap xac dinh vai nguyén t6 khi ching cd mat dong thi thi du phuong
phap phéan tich lugng nhéd Cd khi cé mat dong, day vén la mot van dé phan tich kha
phudc tap.

Phan tich cdac halogenua la mét dién hinh v& xac dinh nhitng chit von khdéng tham
gia phan dng dién cuc bing phuang phép do dién lugng. Cic ion halogenua X~ duge két
tia bang jon Ag' dugc sin sinh ra ngay trén dién cuc bac:

Ag + X7 = AgX + e

Phuong phap do dién lugng cing duge st dung dé€ xdc dinh cd k&t qua mot loat cac
hop ch&t hitu co (axit picric, quinon, clobenzen, cdc phenol, cde chat mau azo, cic hgp
chét nitro): Thi du axit picric bi khi trén catot thiy ngan thanh triphenol:

CH OH

O,N NO, H,N NH,
+ 18H* + 18¢ — + 6H,0

NO, NH,
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Phuong phdp do dien lugng cing duge dng dung d€ phan tich pha, phén tich cdc
hop chat co kim, nghién ctu sy an mon va nhisu van dé khac,

Trong phuong phép chusin do dién lugng nguvi ta cd the ding nhigu loai phan tng
khac nhau: phan dng axit - bazo, phan dng oxi héa - kht, phan dng tao phic chat v.v..
Ngudi ta cd thé dinh phan chinh xdc cdc axit manh cing nhu yéu bang ion hidroxyl
dudc sinh ra t su khit nudc tran catot platin. Cac ion khit nhu Fe(ID}, Sn(ID), Sb(III),
As(IID) v.v... ¢d thé duge chuan thi du bang ion pemanganat dugc sdn sinh ra do sy oxi
hoa MnSQ, trén anot platin. Khi hia ian crom trén anot trong méi trudng axit sunfuric
sé sinh ra ion bicromat, ion bicromat vita méi sinh ra c6 thé dang dé dinh phan cac chit
khi. Brom tu do sinh ra trén anot platin trong moi truong axit clohidric do su oxi héa
KBr ¢ thé dung ds dinh phar cic hgp chit nhu hidrazin, tioxianat, phenol, cac hgp
chdt co kim, As(III), Sh(IID), Fe(ID), TI) va nhiéu chadt khi khie. O day lugng Br, sinh
ra sé tac dung ngay véi cdc chdt cin phan tich nén khéng bi that thoat nhu & cac phuong
phap chudn thudng, khién cho két qua phéan tich cd d¢ chinh xdc cao.

Nhij8u cation ¢6 th& chuidn truc ti€p bang etilendiamintetraaxetic duge sinh ra tir
su khi complexonat thiy ngan hay cadimi theo phan dng

HgEDTA + 2¢ = EDTA? + Hg (léng)

Phuong phap phan tich do dién lugng cho phép xéc dinh lugng nhé cac chat phan
tich véi do chinh xac cao (sai 58 0,05 - 0,1%). Phuong phap do dién lugng ciing cd do
chen loc tét. Tinh chon loc cua phugng phap ¢ duge do su chon loc dién thé dién cyc
lam viée, viéc duy tri dién the khong déi trong thoi gian dign phan. Trong phuong phap
nay ta khéng cin chuin may do, cing khong can xay dung d6 thi chuin theo noéng do
dung dich chudn. Vsi y nghia dd, cd thé xem phuong phap do dién Idgng truc tigp la
phuong phap tuyét voi. :

Véi phuong phap phan tich chudn do dién lugng ngudi ta c6 thé phan tich cac chat
dén ndng do 10 mol.l-l do nhay nay vugt xa do nhay cta nhigy phueng phip chusn
dd khac vdi d6 chinh xdc cao (0,1 =+ 0,05%).
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Theo nguyén tic chung, d€ xac dinh mét chit bat ki, ta cd thé tim cach do mol tin
hiéu bat ki c¢d quan hé truc tiép hoac giin Ué€p vdi chit dd. Phuung phip phan tich do
quang cd nhiém vu nghidn cdu cich xdc dinh cac chat dya trén viée do dac nhing tin
hi¢u bic xa dién tir va tdc dung tuagng hé cda bite xa nay vdi chit nghién eiu.

Cac phuong phdp phan tich do guang ¢6 di€n chi mdi dya trén quan hé cta nhimg
anh sdng kha kién - VIS (tdc la viimg buc xa nhay cdm vai mat ngudi od bude sang 400
+ T00 nm) vai chdt nghién cfu nén van thudng duge goi 1a phuong phap so mau. Ngay

nay, phuong phap phan tich do quang da duge dung dé¢ khio sdt ca4 mét ving bite xa
dién tif rong 16n tit tif ngoai led viing bude sdng tir 10am) dén héng ngoai (10-° cmy,
cé thé tai cic viing cd bude sdng bé hon nita (nhyu & cac phudng phip pho tia X va tia
vt hodc edc ving cd bude sdng 16n hon nia (nhu & cde phuong phap cong hudng
spin-electron - mién sdng vi ba - va cong hudng tit hat nhan).

16.1. Pac tinh cGa bic xa dién ti

Nhu da hiét, anh sdng cd thé duge mé ta theo tinh chat sdng v& theo tinh chit hat.
Khi mb ta tinh chdt séng ctia anh sang ta thudng dung cdc thuat ngit Hude song va tan
§6. Bie xa dien tir mé ta theo tinh chat sdng cd thé duge hinh dung nhy mot 16 heap
cla mdt trudng dao déng dién E va mot tix trudng M vudng goc vai nhau va chuvdn
dong v8i mot van toe khong déi & mat meoi trudng nhdt dinh. Trong chan khang thi van
tde nay chinh 1a van tdc c¢ta danh sang. Co the hinh dung tinh ch&t séng cia Anh sing
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‘L A’ba:mg CaJc/:, £
'

Hinh 16.1. Tinh chit séng ca dnh sing.

nhu hinh 16.1

Bude sdng A 1a khoang cach giita hai dinh séng k& nhau. Bude sdng od thé duge bidu
dién bang s6 centimet, nhung véi cde bude song bé ngum ta hqy diung don vi nanomet,
nam (1 nm = 10”m hay 107cm) hoac dun vi angstrom, Al A = 1/10 nm = 10"m =
10-%cm).

Tan s6 v 1a s6 lan dém dugc dinh song di qua mot khoang khong gian nhit dinh
trong mot don vi thai gian khi quan sat vién ngdi & mot vi tri nao dé. Don vi cda tan
& 1a hec (Hz) bidu thi s6 pic di qua mdi giay. Gilla budc song va tin 36 cd méi quan
hé sau day:

budc séng A (em/pic) x tan s6 v (picis) = van toc (em/s)

Nhu viy budc song va tan sé ti 1é nghich nhau.

Ngoai bude séng A va tin s6 v ngudi ta con ding mot don vi khac la s6 sdng. Day
12 6 nghich dao ctia bude sdng (1/1) duge bigu dién bang don vi nrfhu h ddc cia centimet
{em1). Nhu vay s6 song ti 1é thuan véi tin 6 va duge ky hiéu la V.

Tinh chdr hat cua dnh sang duge mo 14 dudi dang nhimg don vi nang luong mang
tén photon. Nang luong cha mét photon gan lién vai mot sdng dién tir ti lé thuan v&i
tan s6 ciia séng. Néu ki hieu nang lugng 12 E thi ta c6 hé thie:

E = hv
trong d6 h 1a hiing s6 ti 1¢ thdng s6 Planck) cd gia tri bing 6.63.10°% J s hoac 6,63.10°"

ec-s.

Nhu vay nang lugng duge bidu thi bing s& jun hoac ec doi vdi mdi photon. Méi mol
photon dugc goi la mét Einstein cd ning luong bang Nhv trong dd N 1a 36 Avogadro.
Duong nhién cach bidu thi nay phai dya trén gia thi€t 1a moi photon déu phai cd cung
tan 86 va cac photon nay duge goi la "don sac” (vi chling ¢ clng bude séng nén mai co
eung tan sd).

Tuong tdc cda bie xa dién Lif véi mot chit 6 thé duge thé hién mot cdch dai cuong
& hai qué trinh: qua trinh hdp thy, trong trudng hop bire xa dién it 181 tir ngudn bi chat
nghién ciu hap thu va cudng dd bice xa s¢ b giam di, va qua trinh phdt xa, trong truding
hap chiit nghién cdu cing phit ra bic xa dién tit va vi vay sé lam tang cudng do bie
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xa phat ra ti ngudn.

Qua trinh hdp thu thudng xay ra khi phan tU chat nghién ciu 3§ trang thai nang
ltong dién ti thdp nhat (trang thai co ban) nén ¢é kha nang hip thu nang lugng cia
bie xa dién tir. Con khi chdt nghién edu lai chia nhitng phan t& & trang thai kich thich
thi nhitng phan ti& nay cd thé trd lai trang thdi co ban va khi dd sé phat ra bye xa dién
tt khién cho cudng d6 buc xa dién tir tang lén trong qua trinh phat xa.

16.2. Phd dién tir

Phé dién tir bao gom khoang ldn cde bude song tit < 0,054 (bic xa tia X ) dén

> 300 mm (song vo tuyén). Trong pham vi dng dung phé bidn ¢ cic phong thi nghicm
ngudi ta thutmmg chi nghién citu phé dién tir bat dau tit mién tu ngoai gan (¢d bude song
trong khoang 180 + 350 nm) qua midn kha kién (ed bude sdng trong khoang 350 + 770
nm} dén mién héng ngoai gin (770 + 2500nm). Chi trong nhitng trudng hop cd bigt va
tuy kha nang thue t€ vé co sd vat chét cing nhu tuy yéu cau khoa hoe ma ngudi ta mai
¢d th& dp dung cac phuong phap phé & cic minn tia ¥, tin X hoae d cic mion vi ba va
sdng vo tuyén. Dudi day (bang 16.11 gidi thidu cu the v cie micn pho dien tir

Bdng 16.1. Cic mitn phiv dién tir

. s o e Khodne &3 song
Midn pho Khoang buae song, A Khoang in 0, +([12) = -
hiny niing lugmy

: —
JH < (MIZA

> 6 Y 25 0% ey !

Tir X

T ngeni v

T ngoai wdin
Kh ki¢n

[ang ngoi giin
1dng ngowl giiva
Hong ngoai xa
Vi b

Song v tuyén

003 = 100A
1tr = 180 nm
180+ 3530nm
350 = 770nm
T+ 2500 nm
23+ 30 m
S0 = 1000 sem
I+ 300 mm
= 300 mm

30« 1010+ apr o 01Y

L7« 1085 = 30, to
86« M- 17, S
v« W s o860 0
12 1014 5 30, ol
60 5 0t 2w
AWk 0 L e, il
W0 x 0% = 30, b
< 1, 107

=3
24 = 25« W07 oy
7+ 124 eV
A0 = 7V
L 0 30 eV
12900 = 4000 ¢m!
4000 = 200 em !
200 = 10 em!

V& nguyén tac thi viéc phan tich & mién phé nao ciong co qud trinh thue hién tuang
tu nhau nhung cdc phuong phap thue nghiém thi ¢6 thé khic nhau rat nhiéu va noi
dung théng tin thu dugc cing rdt khac nhau..

16.3. S dé dai cugng cla cde thiét bi do quang

C¢ th& hinh dung moét cdch khai quat so db caa cace thidt bi do quang nhu sau: thinh

16.24.

Nguén sdng N cd cuding do bic xa I, duge truyén qua khe sang K di t6i miu X, Sau
khi qua mau mot phan buce xa sé bi dung moi hdp thy (I, ), mét phian bi chat nghién
ciu X hdp thu /), mét phan bi phan chisu H!‘t‘) va mot phan hi tdn xa di f,,). Phan
con lai (1) sé di t6i may thu M va duge xi 1y tin hiéu.

Nhu vay cuimg d6 bic xa ban dau 1, phai bang téng cdc cudng 4o hic xa da néu

trén:

I

AR

o Sdm

t16.1)
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Khe

N K | -
_““:m - U/ I, {’m' I, 7rayén qua T Miy tha
2/ .

[ 1
Ngvé}r séng Phin xa / \
N n
I 7én xa
Pﬁ
L

Hinh 16,2, Sor g0 cie thi€t bi do gquang.

Trong thuc nghiém cd thé do dude I & may thu M va cang cd thé do duge T (bang
cach cho bifc xa tif ngudn di truc Liép tdi mday thu M ma khong dé miu X trén dudng
di cia bide xa tit ngudn téi may thu), nhung khong dé do duge cde gia wri that thoat
khdc (tiuc 1a cac gid tri 1, IPC, 1} D€ do duge chinh xa¢ hon kha nang hip thu cia
chat nghién citu I, ngudi ta thuong dung mét mau trang X' trong cung diéu kién cla
mau nghién ctiu X (dung ciung loai binh dung mau vdi cung dung moi trong ciing nhing
diéu kién tuong dng va cing ngudn bic xa nhung khéng chia chat nghicn citu X} Nhu
viay v&i mau trang X’ bo tri nhu 4 hinh 16.3. ta sé cd:

=1, +1 +I +T 6.2

0 dm pe
Trong dé I' = I', la cudng d6 bic xa di tai may thu M sau khi di qua mau trang
X’ va I, = 0 vi khéng cd chét nghién cdu trong mau trang.

J Mé(:; frafng X!
// I, I’- 1; Trogén qua, d Moy The
- ——— - S
a ﬂgmj';p b . -:'." A
N AT M Teeas
_ / /A S
Agvén sang —{,; \ Cha¥ phin
4 i 1iéh
L

Hinh 16.3. 8o &0 dimg min tring,

Nhu vay ta dé dang thay dugce la khi can xdc dinh kha nang hdp thu cda chat nghién
ctu ta khang can phai do I, ma chi ¢an do I’ = I (tic cuong do biic xa sau khi di qua
mau trang) va I (eudng do bie xa sau khi di qua mau chdt nghién ciuw). TU cac phuong
trinh (16.1) va {16.2) ta s& dé dang tim duge I theo:

I =1 -1 (16.3)
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17.1. Dinh luat Bughe (Pierre Bouguer) - Lambe (Johann Heinrich Lambert) -
Bia (August Beer)

Ta hay hinh dung mét dung dich chdt nghién cdu duge dat trén dudng di cua mot
chim bidc xa. Mot nang lugng bidc xa tdi I sé di qua dung dich va s& bi dung dich hap
thu mot phan, phin cdn lai sé di ra khdi dung dich tdi may thu (detectg) d€ dugce ghi
nhan.

Dau tién, Bouguer (Pierre Bouguer: 1698 - 1'758) phat hién ra rdng phan nang luong
bitc xa bi hfp thu trén mdi doan dudng Ax cGa binh dung cd ti 1& thuan v&i chigu day
ctia binh. Tiép dd, Lambert (Johann Heinrich Lambert: 1728 - 1777) da néu lai méi lign
hé nay dudi tén goi dinh luat Lambert va duge cong thic hda thanh:

-1 AT

L

Phan nang lugng bi hdp thy = = — = gAx = B’Ax
{

3] 11

Tuy nhién, dinh luat nay chua néuw duge méi quan hé giita sy hép thu nang luung
buc xa vdi ndng do chdt tan ¢d treng dung dich.

Ta cd thé thiy ré digu han ch& nay qua hinh 17.1.

Mudn ap dung dinh luat Bouguer - Lambert vao viée dinh lugng can tim ra méi
quan hé dinh lugng gitda dd hdp thu nang lugng bdce xa vdi ndong d6 chatl nghién cuu.
M¢i quan hé nay da duge Beer tim ra  khi nhan thay lugng dnh sdng bi hip thu tang
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Bao i pink dung dong dich
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Hinh I7.1. Han ¢h€ cha dinh lujt Bougoer.

1én theo ndng dd chit tan & trong dung dich ma Anh sdng di qua gidng nhu khi tang
chieu dai (ba day) clia 1p dung dich ma ddng sdang di qua. Nhu vay dinh luat Bouguer
- Lambert - Beer (sau nay dugc goi tit la dinh luat Beer) c¢é thé duge bi€u thi bang:

I -1 Al

Phan nang Jugng bic xa bi hdp thy =— = = kCAx (17.1)
I I

0 0

Can luu ¥ rang I, khong phai la mot hang s6 khi bdc xa di qua dung dich ma nd sé
lien tuc giam di theo bé day va ndng do 16p dung dich. Moi lign hé nay duge mo ta bang
phuang trinh:

I()
log —I-— = ¢lC - {17.2)

Day ¢6 thé coi 1a k&t qua cudi ciing vé li thuyét chung nhit cia cac phudng phap
phé hdp thu phan tU va la bidu thic toan hoc cia dinh luat Beer (Lambert - Beer).

Nhu vay phuong trinh 17.2 lien hé duge cde tin higu do I /7 voi chiéu day cia binh
dung dung dich [ va voi ndng do chit tan co trong dung dich C. Ta thay ré 1a € khong
ti 18 véi I /I ma ty 1& vdi logarit thap phan cia dai lugng nay va duge goi 1a d§ hip thu
A

I}
log — A = £IC (17.3)
I

trong dd ¢ }a mot hang s6 ti 1é cd tén do hdp thy phan ti bi€u thi do hap thu cia dung
dich ¢ ndng d6 chdt tan la 1M duge dung trong binh day lem va ¢d don vi 13 lit/mol-cm.

Bay gid ta cd thé ap dung dé dang dinh luat Beer vao viée xdc dinh néng d6 cac
chit tan bang cdch do d¢ hdp thu A cua ching.

Trong thuc t& phan tich vdi nhitng ndng dd chat tan khong & dang mol/l (chang han
14 ndng d6 nguyén chudn hoac nong dé gam/lit...) thi hang s6 ti ie ¢ s¢ 6 ki hiéu la a:

A = alC.

Hién nay cic mdy do quang ¢a duge ché tao dé cd thé doc tryc ti€p duge A trén

may. Bén canh dd, phan anh sing truyén di sau khi qua dung dich, tdc ti lé Iff, duge
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goi 1a do truyén qua cé ky hign TNT = I/])) ciing 6 thé duge doc truc tiép trén may do
dudi dang phan tram (%).

Tém lai, né€u chdt nghién citu khong hdp thu nang luong bitc xa (anh sang) thi 7 =
I, T =1II,=1(00%) vaA =logi /I =log 1 = 0. Néu chdt nghién citu hap thu hét
bic xa (khong cdn cd bdc xa dén mdy thu nita) thi 7 = 0 = T = I, = 000% va A =
log I /T = log «» = «. Nhu vy do 16n cta do hdp thu la tir 0 dén «, con cua do truyén
qua la tit 0 dén 100%. Bang dusi day tom tat cdc thuat ngit va ky hiéu ding trong
phuong phap do quang phd hdp thu phan ti (bang 17.1),

Bdng 7.1.
Thudt ngor K¥ hidu Binh nghta ;

Niang tugng bae xa (i i Anh sing (bie xa) 1y ngudn (hay ding hon [ W mau
tring) di 1 m.iy thu (dGtectory trong mdi gidv.

Ning lwong bl xa truyén gua i Anh sding wr mhu 0t deteeto trong mdi gy

3 1ruyén qua T i,

1) hiip thu AT g £ 4 =log VT =—logl

3¢ diy binh dung dung dich d& do " Baan dii ma dong buic xa phii di qua binh do (thuing
duge Lnh biing s0 cm)

B3 hip thu phin wr £ AAC, tromg dd O duoe tinh biing mot/# hode mimolml
con « ducre inh bing Z/molem holic malmmolom.

£33 hilp thy a AAC trong d6 ¢ dure tinh bing ¢/ hode cic dom vi |
nong d6 khde; néu O duoe tinh hing o/ thi @ duoe tinh
bing /igamem,

* €A nhicu 13i icu ding ky hicu b thay cho f vi PP thay cho /L

** Trong nhicu sich khile ngudi  con goi 46 hdp tha & 1 mc ¢6 quang va ki hicu & £,

17.2. Ung dung cua dinh luat Beer
17.2.1. Dii vai mit chit nghitén ciu

Do hap thu phan tit ¢ khong chi phu thuoe vao chdt nghién cdu ma con phu thudc
vao bude séng cla bic xa ding dé€ do. Néu ta 14y mét dung dich chat nghién cifu vao
mot binh do rdi ghi két qua vé d6 hdp thu d cac bude song tif vung td ngoai dén ving
kha kién (hoac cd thé mé réng hon tuy thudc kha nang hoat dfng cha may) rdi vé thanh
dd thi vdi truc tung 14 dé hdp thu can true hoanh Ia budc song thi ta sé duge mot dudng
bi€u dién, chang han cd dang (hinh 17.2). Dugng bi€u dién nay dugc goi la phd hdp thu
cua chat nghién cdu. M6i chdt dén cd mét phd dac trung va dc la y nghia cd tinh chdt
dinh tinh. Né&u ta do do hdp thu cia mot chat nghién cttu tai mot budc séng A, nao do
thi ta sé duge két qua theo dinh luat Beer ia:

A, =¢e ;IC, (17.4)

X, A X4 X
Nhu vay khi muén tim ndng dé chét nghién cdu ta chi can do d6 hiap thu cta né &
mét budc séng dac biét ndo dd sau khi da xdc dinh d6 hdp thu phan td £, , cda chat
nghién cdu cing tai bude song d6. O day can luu ¥ réng do hdp thu phan ti cua mot
chdt sé bién ddi theo cac digu kién thyc nghiém (thanh phan dung dich, méi trusng,
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ban than dung cu do...} nén dé tranh nhing sai s6 ddng tiéc cd thé xay ra 11gudi'ta
thusng dung mot dung dich chudn cia chdt nghién ciu d€ xdc dinh ¢ va ding phuong
phdp dudng chuin d¢& tim néng dd chat nghién cdu.

Pre !

n 74, €

(<}

05" hip 1he ph

Bue Ja'nfl A

Hinh 17.2. Phd hilp the ca chit nghién ciruo,

D& hitu cu thé hon v& van dé nay ta hay xét mot thi du sau:

D& xd4c dinh lugng v&t sdt (cid Fe(IIl) va Fe(Il)} ¢ trong nudc udng ngudi ta lay
20 ml nudc cho tac dung voi dung dich hidroquinon (dé khi Fe(lil} = Fe(II}). Sau khi
thém vao nudc da xit i nhu trén mét dung dich e-phenantrolin (dé tao hgp chat mau
vai Fe(Il) theo ti 1& Fe; o-phenantrolin = 1:1) ngudi ta pha loing dung dich thu duoc
thanh 50,0 ml rdi dem do d9 hap thu & bube séng 510 nm trong binh day 2cm duge A
= 0,085. Hay tinh ham lugng sat (ppm) trong 20 ml nude ban dau va dé truyén qua
cua dung dich nudc cd A = 0,085, biét rdng mat dung dich chudn chia 536.10° M
phenantrolin sdt eé d6 truyén qua la 76% khi do trong binh day 2ecm & 4 = 510 nm.

1
Gidi. Bigt T = 0,76 = T vi A = —~logT = ¢lC ta tinh dudgce
? elC = —1og0,76 = 0,119

0,119
Vay do hdp thu phan tt la: ¢ = ————— = 1,11.107 {/mol.cm
2.5,36.10°

Vi day la d6 hdp thu phan t do duge trong binh day 2 em § bude séng 510 nm nén
ta c6 theé dung nd dé€ tinh ra téng nong do phenantrolin sit cd trong 50ml nude sau khi
xu i la:

0,085
C

- ~ 3,83.10° M
2.1,11.10% /mol.cm
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De da cho bi&t thanh phan hop chdt phenantrolin sit co: Fe/phenantrolin = 1/I nén
ta cd thé tinh duge ham luong (ppm) cda sit trong 20 mi nudc da lay ban dau la:

50
3,83.10°".55,85 . — . 1000 = 0,53 ppm (0,53 mg/!)
20

Va db truyén qua cua dung dich nuée ¢é do hiap thu A = 0,085 la:
= 0,085 = ~logT » T = 82%

Chu 3

1} Trong s6 binh dyng dung dich do kém theo may ta cd thé ¢d c& edc binh hinh
tru. N&u dung loai binh nay ta sé khong bist duge gia tri chinh xdc eta bé day ! nén
khong thé st dung gi4 tri ¢ cho sdn. Tuy nhién, bang phuong phap duting chudn ta van
tink duge nbng d6 chat nghién citu theo dd thi mién la ta phai ding chinh nhitng binh
tru nay dé do ca dung dich chudn va c& dung dich nghién cdu.

2) V& nguyén tdc, ta cd thé do do hdp thu tai bdt c& bude séng nao thuode phd hip
thu cta chit nghién ctiu dé€ tinh ra C,- Nhung mudn c¢é két qua t6t hon ta nén chon
budc sdng nio tao dd nhay 16n nh4t tiic la o6 gia tri ¢ Idn nhat. Theo cong thue 17.4 ta
thdy mudn xde dinh duge nhitng gia tri C, cang bé (dd nhay cang cao) thi phai chon
hoac binh do cang day (! cang 16n, nhung ! chi gidi & mic 0,5 = 10 em) hoac e cang cao
ung voi pic trén phd cang cao.

3) Khi do d¢ hap thy cia chdt nghién cttu va cia chit chudn tai cling mot bude séng
A nao dd, thi gia tri cy thé cha bude séng (510 nm trong thi du trén) tuy cd cho trong
d& nhung khéng phai e¢6 mat trong tinh toan.

Mot phuong phédp khdc rat hay duge ding dé€ tinh nong d6 chat nghién citu vdi cdc
s6 do vé d6 hdp thu 1a phuong phap thém. Phuong phép ndy c6 wu di€m la tranh dugc
anh hudng cia nhitng chat la ¢d trong chdt nghién ciu ma khéng can tach trude hoic
loal bd ching di bing nhimg chat che thich hgp. Ching han ta ¢6 mAu chat nghién ciju
¢ dang dung dich. Ta ldy mét thé tich V, chia nong do C, cla chit nay rdi thye hién
phéan ing thich hop taoc mau trong nhu’ng diéu kién tdi u'u va pha loang thanh V, d¢
dem do dd hap thu & bude séng 1. Két qua la:

C.V,

(17.5)
1%

i

Bay gis ta ldy mot th€ tich V, khdc nhy trén nhung trude khi thuc hién phan dng
taco mau ta thém mot thé tich V| dung dich chudn cd ndng d6 chat nghién ciu da bidt
la C_ r6i méi thuc hién phan dng trong didu kién t6i vu va pha lodng dén V| nhu trén.
K&t qua do d¢ hidp thu sé cho:

CY, +CV,
Ai.x+s = 6)..,(3( Vl ) {17.6)
Rat ¢; [ ti phuong trinh (17.5) ra:
1 A:‘ \V[
e, I =
. CK VX

d& thay vao phuong trinh 17.6 ta duge:
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ALV, CV, +CV,

Aiges = (— ) (17.7)
. CxVx 1
Ti do rat ra: C:
CV. A,
C, =—. & (17.8)
Vx A)._x +5 A,J__x

Nhu vay CK sé vira ti 1é thuan v6i do hdp thu cia dung dich ban dau (A;“x] fai vua
ti lé thuan véi ndng do chat nghién ciu duge thém vao C, va ti 1& nghich vai hiéu sb
hap thu cia hai dung dich trude va sau khi thém chit chudn. Bing cach nay ta da tranh
duge moi Anh hudng ciia cac chat la cd thé ¢d trong chit nghién cdu vi ching déu co
mét nhu nhau trong hai dung dich dem do va chi khac nhau d ché cd thém mot lugng
dung dich chudn cua chat nghién cdu trong phép do thi hai (17.6). Két qua sé cang
chinh xac hon néu ta ap dung phuong phip dudng chuéln cho phuong phap thém nay.

17.2.2. B6i véi hon hop chdt nghién ciu

Trudc hét ta hay xét trudng hop cd hai chat can nghién cdu A va B ciang cd mat
trong dung dich. Phd hdp thu cla hai chdt nay sé ¢d cac cuc dai (pic) hdp thu 8 cdc
budc séng A, va A, tuong ung nhu duge thdy 0 hinh 17.3 dudi day:

é

Phd’ hip thy eia
chdf A

7,

an

hi ph
n
uwr

ap

A%y ’bé“; Fhe coa
A cAGF 8

o 4

Bude séng, A

Hink 17.3. PIid hiip thy cia hai chit A v B,

Ta thiy & mei budc song déu cd téng dé hdp thu cia ca hai chdt A va B tide la:
A; = AN A = 00, g iy (17.9
Hién tugng chat B cing hap thu & budc sdng cuc dai 4, cta chat A ciing nhu chat

A cing hdp thu 0 budc song cyc dai A;; cua chidt B sé la nguyén nhan gay sai s6 dang
ké&. D& giai bai toan nay ta ¢6 thé lam nhu sau:
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- Ding nhitng dung dich chudn cta riéng chat A va riéng chat B d& xdc dinh cic
d6 hdp thu phan ti tuong tng & A Ei _

- Do d¢ hép thu cia dung dich hén hdp hai chit A va B & hai bude sdng khdc nhau
Ay, 45

Két qua ta s& duge hé phuong trinh:

A = €0, + £

ICy {17.10)
A, = SJ,E.AZC.-\ + 6, 4lCy (17.11)
trong dd €iaAr Eip.A va ZIR TR déu duge xdc dinh véi cdc dung dich chusn riéng tiing
chdt & hai buée sdng 4, va 4, tuong tng, edn I 1a chidu day binh do. Giai hé haj phuang
trinh trén véi hai 4n s6 C, va C; ta s& tim duge ndong d6 (ham lugng) cla hai chdt A
va B can nghién cdu. Ta hay xem thi du sau:

Hba tan 250mg d4t 14y & gin mot nha mdy luyén kim. Thém chét che thich hop vao
dung dich thu duge rdi cho tac dung vdi 2,3-quinoxalindithiol d& tao phic mau vai Co
va Ni. Sau khi pha loang dung dich thu duge nay thanh 100ml ta dem do do hdp thu
trong binh day lem ¢ 510 nm duoge A, = 0,617 va & 656 nm duge A, = 0,405. Hay tinh
thanh phan phin tram cta Co va Ni trong dit vdi cac dit kién sau:

510 nm G56 nm
¢ phic Co vdi 2, 3 quinoxalindithiol 3,64.10* I/mol.cm 1,24.10°% {/mol.cm
e phic Ni véi 2,3 quinoxalindithiol 5,52 10? Z/mol.cm 1,75.10% ¢/mol.cm

Gidi. Gia thiét trong didu kién bai ra chi ¢d cdc phic cua 2,3-quinoxalindithiol vai
Co va Ni hdp thu bie xa. Nhu vay:

Agp = 3,64.10°C | + 5,52.10%C, = 0,517 (1)
Agso = 1,2410°C + 1,75.10'C,; = 0,405 (2)

Dung phuon‘g phdp dai s6 d€ giai hé hai phuong trinh 2 4n s6 nay:
Rut Cy; & phugng trinh (1):

0,517 — 3,64.10%Co
5,52.10°

CNi -

dem th& vao phuong trinh (2)
\ ., 9817=364.10%C, )
1,24.10°C¢,, + 1,75.10 (——5—52_1—0,i — ) = 0,405 = C(,, = 1,08.10°°M

0,517 — 3,64.10°C,
va tlif d6 tinh ra Cy, = = Cyi = 2,24.10°M
5,52.10%

Nhu vay thanh phan phéan tram cia Co va Ni trong dat 1a:

100
1,08.109.58,93.100. — = 0,025% Co
250

100
va 2,24.107,58,69.100. 250 = 0,053%. Ni.
Tém lai trong trudng hop hén hgp gbébm hai chit ta phai do do hap thu cda dung
dich nghién citu ¢ hai bude séng, tir d6 ta cd the suy rong cho hédn hgp n chat, tuc la
dé xdc dinh thanh phan hén hgp clia n chdt, ta can do do hdp thu ctia hén hop nay a n
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bude song va sé duge mdt hé phuang trinh gom n 8n s6 vdi n phuong trinh. Tuy nhién
vdi nhitng hén hgp nhiéu hon 2 chit ma giai bing phuong phap dai s6 (hé ba phuong
trinh 3 &n s8 chang han) thi kha cong kénh va tén thoi gian hon. D& don gian hon ta
cd thé ding phuong phap ma tran la mét phudng phap giai gin dung 6 do chinh xdc
chip nhian duge. Diéu can luu ¥ khi ding phuong phdp ma trin 1a phai ki€m tra xem
moi phuong trinh cd phai la déc lap khong va cAn qui dinh cde sai 16 cho nhing gia i
nay sinh ti tinh toan.

Ciang cd thé sit dung chudng trinh mdy tinh dé€ thyc hign tinh todn xdc dinh thanh
phan hdén hgp phudc tap bing phudng phap thém chudn. Nhu trén da thdy, d€ xac dinh
mot hén hop 2 chat chua bigt bang phuong phap thém chudn (17.10 va 17.11) ta phai
do dé hdp thu trudc hét cliia 2 dung dich chudn cdc chdt dd & 2 budc séng dé tim 4 gia
tri vé do hdp thu phan td clia ching, sau dé phai do do hdp thu ctia dung dich hén hyp
ciing d hai budc séng trén. Nhu vay ta cin cd tat cd 1a 6 s6 do cta 3 dung dich (2 dung
dich chuiin ena 2 chét A, B va 1 dung dich hén hop A + B) & hai bude séng da chon.
Md rong cho hdn hgp 3 chit ta sé thdy can dén 12 85 do... tit d6 ta ¢ thé khai quat la
d€ xdc dinh n chdt chua biét ta can phai ¢6 n(n + 1) s6 do.

17.3. Nhing sai léch déi vaéi dinh luat Beer

Khi ap dung dinh luat Beer (17.3) dé€ dinh lugng mét chit ndo d6 bang phuong phap
do thi chuén ta thueong thu duge dudng bidu dién sy phu thude néng dé chit nghién ciu
vao dd hdp thu cha chit dd dudi dang sau (hinh 17.4):

f,0 -

=
o
T

S
o

Dé hép tho, A

0,0 L i i K|
a0 05 10 15 20

Nong 36 chit phan fich (mM) ’

Hinh I7.4. Sy phyt thude eha nbng do chit nghién citu vio dd hip thy cla na.

Ta thdy db thi chi tuyén tinh (dinh ludt Beer duge tdn trong) dén mot khodng ndng
do chat dinh (C) va bi cong {(iéch) di & nhilng khoAng ndng dé lén hon. Ta hay xét cac
yvéu td c6 thé gay nén do léch nay.



CO SO HOA HOC PHAN TiCH 277

a) Tinh don séc cia énh sang. Do tinh chdt dac trung cua cac chiit mau la chi hdp
thu nhitng bie xa cd do dai song thich hop nén dinh luat Beer chi luén ding khi dung
anh sang don sdc d€ nghién ciu. C4c may do quang chinh xac phai ¢ ngudn sang cung
cdp duge dai sdng tap trung quanh mét busdc song nhat dinh. T6t hon ca la chon budc
sdng thich hgp tai pic hdp thu cia chit nghien cuu.

b) Khd nang tuong tac cita chdt nghién citu véi cée chdt la v& moi truong. Do hép
thu cla chdt nghién cviu thudng duoe do dusi dang mot hop chit mau tao bai chat nghién
ctu véi thude thi thich hgp trong nhitng didu kién xac dinh vé néng do cdc chdt tham
gia phan ung vA moi trudng. Hon nita cac dung dich chuidn dugc pha ché& d& xzac dinh
khodng néng d6 ma dinh luat Beer duge tén trong (tic dudng chuidn) thuang chi duge
xem x6ét & dang ndng do "hinh thite" chi khong phai 1a ndng do "phan t& thuc” cia chat ds.
Néu nhu nong dé thuc nay ti lé thuan vai néng do hinh thic thi dinh luat Beer vdn duge
ton trong. Thi du khi do do hép thy cia dung dich Fe (1) trong méi trudng clorua thi thue
t& ca hai jon Fel* va FeCly déu hdp thu bitc xa. Trong dung dich lic nay cd can bang:

[FeCiD)

Fe* + 4Cl"=TFeCl; véi K= — 0 —
: [Fe’*](CI7)*

va 49 hdp thu do duge la:
A = Sl-‘c(.‘ljg [FeCly] + rl,c3+l‘[Fe3+] =
=¢yecr; IKIFeM][CIT]! + ¢y 340 [Fe¥] =
= (e KICITTY + €, 301 [Fe®] (17.12)

Dua nong do hinh thic cia Fe (I): €y, = [Fe’*] + [FeCl;] vao phuong trinh nay
ta sé cd:

C,, = [Fe¥*] + K[Fe™|[Ci-]? = o
= (1 +K[CI"1H[Fe3*] » [Fe*] = —— 1t
) [CI71D)[Fe ] » [Fe*'] I+ K[CLT"
Vay: £~ KICTTT + Ep 3t
-4
A=( L+ Ko7 ) ICpq (17.13)

Ta thdy ¢ day d6 hdp thu phan ti bi€u kién 1a ca biu thic nam trong ngoac don
va néu ta gilt duge ndng doé Cl- khong d8i (d€ cac nbng do Fed* va FeCly én dinh) thi
dinh luit Beer s6 vin dugc ton trong,

Trudng hop ndng d6 thue khéng ti 1& thuan véi ndng do hinh thie thi dinh luat Beer
s€ bi sai léch.

Mot thi du khace gidp ta thdy r6 dinh luat Beer ¢6 bi anh huéng cia moi trusng la
trudng hop dung dich CrO7~ hodc dung dich Cr,0Z~. Hai dang nay luén cd mat va déu
hép thy bdc xa trong bat ki dung dich nao cta CrOj~ hodc cua Cr,0%™ vi ¢6 can bing

2Cr05™ + 2H,0% === Cr,08 + 3H,0

Néu ndng d6 cac ion CrO3~ va CrEO%_ bién dai thi d6 hap thu do dude cia dung
dich sé bién d38i theo, giy sai léch cho dinh luat Beer. Hon nita, 0 day codn cd can bing
khdc xdy ra:

H,O + H,0 == H,0* + OH-
cd anh hudng khong kém quan trong dén can bing giita CrOi‘ va CrEO%_,
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"CHUONG 18

CAC UNG DUNG CUA PHUONG PHAP
PHO HAP THU PHAN TU

18.1. So do thiét bi do d6 hdp thu quang

Theo nhitng nguyén li co ban da xét trén trong thuc t& ta phai do do hdp thu quang
bang céch do cutng do bic xa truyén di ti ngudn sang qua miu tring tdi detectd va
cudng do buc xa ti ngudn qua chit nghién ciu dén detects. Nhu vay ta o6 thé hinh
dung mdt cach khai quat thiét bi do d¢ hip thu quang nhu sau:

- M6t ngudn sdang én dinh

- Mét bd loc cho phép ta chon duge bude séng thich hgp véi chdt nghién edu

- M&t ngan dé€ mdéu do

- M0t detectu nang lugng bitec xa ¢d kha nang chuyén d6i duge tin hiéu quang hoc

thanh mot tin hiéu nao dé ¢d thé nhan bist duge ¢ dau ra.
S0 d6 tong quat cha mot thiét bi do dé hdp thu quang }a (hinh 18.1):

Negudn hic B Binh : [375] My
x4 loe song miu foc song ithu

(G 1he 1 mdy doc, midy
Ciii ngdl N ahi Forde e 10
& Hinh 18.1. So d0 thi€t bj do quang. ghi hade may tinh)
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Ta hay xét lAn iugt ting thanh phan cia hé trén va sé chi han ché& trong pham vi
do d6 hdp thy trong ving 4nh sdng tl ngoai - kha kign (UV - VI5).
18.1.1. Ngudn sdng

N6i chung mgi ngudn sdng, k€ ca 4nh sang mat trdi va anh sdng dén trong phong,
déu cd th€ ding lam ngudn bitc xa cho cdc phép do quang, nhung khong phai ngudn
sdng nao cing théa man duge yéu ciu vé d6 Sn dinh. Vi trong pham vi chudng trinh
nay ta chi xét ving anh sang UV-VIS nén khoang budc sdng cln xdét dén la tit 200nm
dén 800nm (2000 + 8000A). Trong s6 cdc ngudn sang ¢d bu6e song phli hgp ta ¢ thé
k&: hd quang xenon, hd quang cacbon, dén hidro va dén tungsten.Ho quang xenon rit
gan gidng phd cia mat trdi nén thudng duge dung dé nghién cdu nang lugng mat troi,
H& quang cacbon it duge dung vi khong bén va khong dim bao yéu cau 6n dinh. Dén
hidro 14 théng dung d¢€ do trong vung UV, dac biét né cd hiéu suidt tang nhanh ¢ nhing
bude séng < 375 nm va cd thé xudng dén 165 nm nhung & cac bude séng < 200 nm thi
ban than cda sd thach anh cing hdp thy. C6 thé dung dén doteri thay cho dén hidro vi
c6 khoang ph8 co ban nhu nhau va cd nang lugng bie xa 16n hon nhigu nhung 56 rit
dat tién. Dén téc tungsten (vonfram) cé nang hugng pic ¢ gan ving hdng ngeai va chi
¢6 15% cong sudt trong vung kha kién va mot it trong ving UV nhung nd iai ré tién
va ¢d thé tao dude ngudn sang bén, kha 6n dinh, rdt dang tin, nén dén nay dugc dung
rat rong rai d€ do & viung kha ki€n (VIS).

Nang lugng bic xa cia mdt ngudn phu thude vao dién 4p lam viée theo phuang
trinh:

P = kVX
trong d6 & la mot hang s va x 14 s6 mi tuy thude vao loai ngudén. Vai dén tungsten x
cd gia tri gifta 3 v 4. Vi cd sy phu thuéc nang lugng nay ma dién 4p phai rét &n dinh,
thi du néu x = 4 thi mdt dao dong & dién 4p lam viée bang 1% sé gay ra mét dao dong
& nang lugng phdt ra bang 4%.
18.1.2. Bé loc song

$6 ngubn sang vira néu déu 1 nhitng ngudn sing lién tuc vi tao dugc mot khoang
bic xa ed budc séng lién tip nhau, nhung trong phuong phap phd hip thu phan td ta
lai cAn ¢d nhimng buée séng nhdt dinh thich hgp cho titng chit nghién cdu, vi thé sy co
mat ctia mot bo loc séng trong thist bi do quang la cén thiét. Thyuc ra ta cing cd thé
do d6 hép thu voi mdt ngudn sdng lién tuc ma khoéng can cd bd loc séng. Do 1a truang
hgp cia thigt bi do quang don gian nhdt cd tén la sde k¢ hay mdy so mau. O day ngudi
ta ding mat dé so sanh cudng do mau cta dung dich nghién cdu vai dung dich chuan,
ngudn sang la dnh sing ban ngay. Cach 1am nay khong chinh xac 1dm va khong dp dung
duge cho hén hgp chdt mau du 1a don gidn nhit (2 chat). Mat bién dang khdc cua phudng
phdp nay la thay d8i chidu day cta I6p dung dich chudn hodc dung dich nghién citu cho
dén khi mat thdy duge hai dung dich &y ¢d d6 hdp thu (mau) bang nhau tuc A, (do hap
thu ctia chat nghién citu) = A_ (d6 hép thu cia dung dich chuén). Luc nay ap dung dinh
luat Beer ta cd: ' -

el C, = el C, (¢ chung vi cling moét chdt duge xét).
Rit ra: CJC, = Il = R (vi [  va I _déu do dugc dé dang).
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Cuéi cing C, = RC_ (ma C, l1a nong d¢ dung dich chuin da bist).

Day 1a trudng hop caa sdc k& Duboscq ¢d d6 chinh xdc dén + 5% nhung cing chi
diing dugc cho dung dich chi chwa mét chdt mau.

Céng ¢ nhing ngudn bic xa chi cho duge mét s6 bude séng nhit dinh nhu tia lade
heli-neon cho bic xa ¢d budc séng 632,8 nm it duge dung trong phé hdp thu phan ti vi
chi ¢d thé thich hgp cho moét chit nao dé trong khi thue t& phan tich lai thuong doi hai
do nhigu khi ¢ 2,3 buée séng; hd quang thuy ngin cho mat s6 bite xa vach (chu khong
lién tye) nhung chi c6 bic xa véi bude séng 435,8 nm 1a hay duge ding con cac vach
khac déu it phi hop.

Nhu vay thiét bj do quang phd bisn déu dung ngudn sdng lién tuc va can co thist
bi loc s6ng d&€ chon budc song thich hgp ma chit nghién cdu c¢d thé hdp thu duge. Bs
loc song don gidn nh4t 14 kinh loc; cdce thidt bi do quang dung kinh loc duge goi la may
do quang {quang k&) hoac sic k& (n&u do trong vung VIS),

Mot b kinh loe cho dai sdng hep thuding gbm 2 kinh loc: mét kinh 4 hdp thu manh
mién trén cia mot budc séng nao doé va mot kinh B hdp thu manh mién dudi ctia budce
sdng dd. Phén song duge kinh loc t8 hgp nay cho qua la dudng € trén hinh 18.2.

Qua day ta thay kinh loc khdng thé€ chi cho qua mot bude s6ng riéng nhu tia lade
ma cho qua mot dai sang hep ¢6 "budc séng danh nghia” duge bi€u thi bang do truyén
qua cuc dai (di€m cye dai cia pic truyén qua, tdic dinh dudng C}. Diéu can quan tam
nita la chidu rong cia duong C do tai diém gitta cta chidu cao pic, dai lugng nay bigu
thi dai séng truyén qua va khi dai cang rong thi do truyén qua cla kinh cang bé.
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Hinlr 18.2 . 86 hilp thy s6ng cla kinh loc.

Mot loai kinh loc thd hai thudng duge ding nita 1a kinh loc giao thoa. Kinh gbm
mot mang dién moéi 1dng duge ép giita hai mang kim loai méng nda trong suét, trdng
trén hai td&m thay tinh. Khi dong sdng dén kinh loc thi s& cd mot phan anh sang di qua
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duge tdm thay tinh thd nhdt, phiin 4nh sing nay s& duge tdm thiy tinh thid hai phan
chidu lai mot phén va giy nén hién tugng giao thoa gidng trudng hop nhiéu xa tia X
Ta sé thdy cdé hién tugng giao thoa cung pha (cac bién dad hop lai vdi nhau) véi dong
sdng tdi (n&u budc song thich hgp) hoac c¢d hién tugng giao thoa nghich pha (cac bién
d6 b trit nhau) néu bude séng khong thich hop. Bude séng thich hop cd thé tinh duge
theo:

2nli

n

trong dd: n 1a chi s6 chiét suidt cua dién moi;
{ 1a b day mang dién moéi va m 1a mot s8 nguyén goi la bac.

Nhu vay séng duge truyén di s& ti 18 thuan véi bé day mang dién moi va ta cd thé
¢6 kinh loc giac thoa vdi budc séng danh nghia & bit ky viung song nao tit UV dén tan
hong ngoai. Cac kinh loc giao thoa cd uu diém hon kinh loc hdp thu la kinh loc giac
thoa ¢d dé truyén qua lén hon (di€n hinh la 50%) va be rong cla dai sdng truyén qua
hep hon (bang 10 dén 20 nm).

Khi chon kinh loc cho mét phép do dé hdp thu nao d6 ta can phai hi€u la mau kinh
loc can chon phai 1a mau phy hoa cia mau dung dich dem do. D&i vdi dung dich khong
mau thi moi budc séng déu duge truyén qua nhung mét ta sé chi nhin thay déu nhu la
anh sdang triang. DJ la vi mdi bude song trong phd ddu cé mot budc sdng phu hoa dé
hoa thanh anh sang tridng. Ching han néu ta nhin thiy mot dung dich ¢é mau vang thi
cd nghia 1A tia sang c¢d mau vang da khéng bi hdp thy ma tia phu hoa cda nd (cy thé
la tia 6 mau xanh) da bj hdp thu. Nhu vay muén do d6 hdp thu cua mo6t dung dich mau
vang ta phai chon kinh loc mau xanh. . «6i day 1a bang cdc mau phu hea nhau (bang
18.1). '

Bing 18.1. Cac miu phy hoa nhaw

Ving sing bi bap thu, nm Mau bj hilp thy Mau phu boa ma miit nhin thiy |
400 = 450 um lue vang
450 = 480 xanh vang
480 = 490 xanh luc da cam
490 + 500} lye xanh do
S00 = 300 lue da
500 + 380 luc ving tm
5380 = 600 viing xanh
600 = 650 da cam lue - xanh
650 = 730 J dd xanh - e
-

Trong cic may phd quang viéc chon sdng duge thuc hién bang mot bé phan thiét bi
¢6 tén 1a don sdc k& gom mdt khe vao, mot bd phan khuéch tdn va mot khe ra. Dong
sdng tdi, sau khi di bi khe vio chuy8n thanh tia nhé, sé bi bo phan khu&ch tan (lang
kinh hoadc cach ti nhiéu xa) chia thanh cdc budc sdng da cdu tao nén nd. Sau dé mot
phian nhé ctia phd nay sé& duge chon qua khe ra. Do rong hep cla khe sé giam sit ludng
nang lugng bic xa can do va giam sdt dai song truyén qua. Nhitng may phé quang cd
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chét lugng cao sé chi cho qua nhitng dai hep < 1 nm, con nhirng mdy ré tidn hon cd
thé cho qua nhitng dai r¢ng nhidu nanomet. Ta cé thé hinh dung hoat dong cia mot
don sac k€ nhu sau (hinh 18.3):

Mat #ié0 co'

Hink 18.3. M6 hinh hoat dgng cia dorn siic k&,

Tia sdng tdi mat I cha lang kinh sé& bj khic xa va khi ra khai mat 2 lai bi khic xa
lan nita. Viée thay ddi géc khi anh sang truyén tit moi truding nay dén mot mai truting
khac nhu sé th4y ré han & hinh 18.4. ¢6 thé dudc bi€u thi bang dinh luat Sneil

sin o v
n = =
sin A Ua

L

{(n 12 chi s6 khic xa, v, la van téc dnh sdng & méi trudng I, v, van téc § mai trudng 2
va a, {§ 1a cdc gde t&i va gdc

khic xa tuong dng). Hién

tugng anh sang bi khic xa

khi nd di vao hoae di ra khéi

lang kinh khéng phai la do

lang kinh da khuéch t4n anh ¢
sang ma la do van téc cda
dnh sdng trong mdét moi
trudng phu thudc vao chi s6
khic xa cia méi truong dé.
Ta sé thdy r& diéu nay khi coi
mdi trudng I 1A chan khong
(tdc v, = C = van tdc 4nh
sang trong chan khéng =
hing s8) va ta sé ¢d méi quan
hé:

M; fru’t;ng i w"dg.-' ﬁﬁ&ﬂg k.‘:;")

L
—

Mse frcﬁrn_y 2 m"a’lu ?‘ﬁu& Yink )

R S

Hinh 18.4. Ilién twrong khiie xu cfha dnh sding,

ny =-—— [hay n,v, = C (hang s3))
Y2
trong dé: n, 1a chi s6 khic xa ctia méi trudng 2 déi v6i chan khong. Diém mau chot dé&
mét lang kinh hoat dong nhu mét bo phan khuéch tan thé€ hién & ché v; 1a mot ham
cla buée séng, do d6 n, va gée khic xa cing vay. Cac chi s6 khiic xa thudng duge dinh
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gia d6i v6i vach D cia natri (589,3 nm) va nhitng chit lidu cd chi sé khnic xa cao nhat
déu khuéch tdn ducc 4nh sang tot nhat (chdng han, kim cudng cd n = 2,42 va cdc loai
thuy tinh cd thé cd n tir 1,5 dén 1,9). Mot chét liéu khong th& duge diung lam lang kinh
& mién sdng ma chat lisu 4y hdp thuy, ching han khong thé dung thuy tinh lam lang
kinh cho mign séng < 350 nm vi thiy tinh hdp thu manh mién sdng nay. Thach anh
tuy khéng cd kha nang khuéch tan dnh sang t6t bang thiy tinh nhung lai khong hdp
thu UV nhu thay tinh nén duoc ding }am lang kinh d€ do UV. Con néu mudn do d6 hap
thu trong mién hdng ngoai (IR) thi phai ding lang kinh bang natri clorua hoac cac kieém
clorua khde vi ca thach anh va thiy tinh déu hdp thu manh mién song nay.

Phuong tién khuéch tan nita la cac céch ti. Ca tia tif ngoai, kha kién va hong ngoai
dou ¢ thé bi khuéch t4n hodc bang mdt cach ti truyén qua hoac bang mot céch tit phan
xa. Trong cdc may ph8 quang thi cach ti phan xa (hinh 18.5) Ja thong dung.

(6 thé ch& tao cach ti phan xa bang cdch ding dau nhon kim cuong rach lén bé
mat kim loai thanh nhitng vach ké hoac cho mét phim kim loai mong trang lén - bang
céch cho bay hoi - bé mat da duge ké vach. Day la phuong phap rdt thudng duge ding
dé ché cac cach tif sao chép d& t6n kém hon dung céch t& nguyén ban. Trong trudng
hop nay cach ti nguyén ban duge ding lam khudn d€ ché cac ban sao bang chit déo
rdi trang lop kim loai mong lén cac ban sao nay thanh cach ti phan xa.

Dit 1a cdch t& truyén qua hay phan xa thi khoang cich gifia cdc vach ké phai duge
d6i chigu voi budce séng cta anh sang tdi. Chidng han n&u anh sdng tdi cach tr phan xa
theo mdt gde vuong thi gée khic xa r d& cd giao thoa cung pha la:

mil
sinr =

b

trong d¢: b 1a khoang cach giita 2 vach ké tinh béng centimet va A tinh bang centimet;
s6 hang m bidu thi bac va la mot s6
nguyén. Diéu nay cho thdy mot nhuoe
di€m cla cac cach ti la ¢ cung mét Tio 1ai theo
gde c6 thé quan sat thiy mot s6 song goe vuorg
tuong dng voi m = 1 (bac 1}, m = 2
{bac 2)...

Chéng han vdi mdy phé quang
ding cach ti phan xa vdi 1000 vach

T\ b — C‘;E;’ 17
™ | phan xq

ké trén 1mm (tde & = 104 cm) thi !

hién tugng nhiéu xa bac 1 cla tia cd )
A = 700nm (700.107 cm) sé xay ra & W/// ;/%/M%

gdc 44,4™
1 x 700.107
sin r =——— = 0,7 » r =44,4°
10+ Hinh 18.5. Cich tiv phin xa
bsin r 104.0,7
Véi bac 2 0 cing géc nay s8 cd: A = = = 1,5.10%cm = 350 nm

n 2

Tiép tuc tinh véi bac 3; 4 ta sé dude cde gia tri tuong Ung cua A la 233 va& 175 nm.
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Ta cd thé€ ding kinh loc d€ loai di 4nh sang ¢ nhitng bac khéng mudn cé va ding
nhitng phuong phdp dac biét d€ ké vach nham tang lugng sadng 6 bac phdn xa thap
hon. Né&u 6 16n hon 2 nhigu qué thi gdc phan xa s& tién dan téi khong d6i vé6i moi A va
nhu vay s& khéng con khuéch tan. Mat khdc ham s6 sin khéng th& 16n hon 1, do d6 mot
cach tif ¢S b nhé hon 4 s& hoat dong nhu mot cai guong (m = 0 s& la gid tri duy nh&t
dung duge) va lai ciing sé khong 6 khuéch tan. DE si dung trong vung VIS ngudi ta
thuong dung cach td c¢o tit 5000 dén 10000 vach trén 1 cm.

Hién nay di cd mot s6 may phd quang ding dén 2 b phan khuéch tan la 2 lang
kinh hoac 2 cdch t& hodc 1 lang kinh va mot cach ti. Cac don séc k& kép nay 6 do
khuéch tan 16n hon va vi vay véi mét khe nhat dinh d6 phan giai phd sé 16n hon (tie
dai song truyén qua bé hon). Ngoai ra, cac don sic k& kép con khiu di duge lugng séng
tap (sdng phan xa caa cac bé phan khic nhau trong mdy phd quang) c6 thé di toi khe
ra va gay sai s6 cho viéc do do hép thy,

18.1.3. Ngin dung miu do

Thong thudng ngan dung méu do 1a mét khoang tréng cd gin gia d& cuvet nam trén
dudng di cha bic xa truyén di tit ngudn (hay ding hon tit miu trang) d€ loai di sy hap
thu cia dung méi dén detecto. Gia d& duge cdu tao hoac cho 1 cuvet ditng do lan luot
méu trdng (hoac dung dich chuin) va miu nghién ctu. Cach lam nay tranh duge sai s6
vé chénh léch bé day cta cuvet nhung bat tién va t6n thi gid khi phan tich hang loat
nhidu mau (phai lap lai nhidu lan thao tac thay dung dich va rda trang cuvet). Théng
thuting gid d& duge cdu tao cho 2 cuvet dat song song, 1 cho mau trdang (hoac dung dich
chuén) va 1 cho mau nghién citu. Trong trudng hgp nay phai cha y dén nhitng déi cuvet
¢6 cung nhiing dac tinh hip thu, phan xa va be day. Can nhd 1a néu ta doc duge 46 hap
thu chinh xdc dén * 0,5% thi sy chénh léch (néu cd) vé be day ecda binh do ¢d 1 em
phai < 0,005 ¢cm. Thudng khi mua may ta di duge cung cdp nhitng ddi cuvet cac ci
nhung ngay nhitng d6i nay cing cd thg gay sai 80 néu khong dude rita sach nhu nhau
hodc néu dé€ cd vét ngon tay bam 1én be mit truyén sang vi nhitng vét m& cuc nhd clng
cd thé Jam thay d8i dang k& cac dac tinh phan xa va hdp thu cia binh do (cuvet).

Tung thai ky phai ki§m tra lai cdc d6i cuvet va néu thdy cdc dac tinh cta chiing bi
thay ddi thi ¢An chuéin hga lai.

Gia d& cuvet phai duge gan vao kheang cia may th& nao d& cuvet that vudng goc
vOi duong sang d€ tranh bat thdt thoat do phan xa va cdc cuvet phai duge dat & vi tri
dung nhu nhau trén dudng sang.

Can dac biét luu ¥ dén viéc duang cdc cuvet hinh tru (sdn e¢d vi ré tién) vi khd dat
dung ché va khd chon d6i ¢ bé day nhu nhau.

D€ do & mign séng VIS ta c6 the diung cuvet bang thay tinh, cdn néu do § mién UV
thi phai dung cuvet bing thach anh hoac silica nung chay,

Vé phan dung méi ciing can chd y rang tuy da diung méu trdng dé loai di anh hudng
hap thu cia dung méi nhung vin phai chon dung méi that trong suét trong mién sdng
duoe do d€ tranh hién tuong nang lugng bi dung méi khéng i trong sust hap thu manh
va lugng sdng d&n detecta bi giam di nhisu.

18.1.4. Cdc detecter

Detecto 1a tén goi chung clia mot loai thist bj tiép nhan khéng tin dudi dang mét
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tin hiéu nao dd nhu dién, cg, quang hodc nhiét... rdi chuyén hda thanh moét tin hiéu
tuong Wng giup ngudi si dung nhan ra. Trong phuong phap do quang thi tin hiéu can
ti&p nhan la cdc buc xa dién tir ¢d bude séng khde nhau.

D6i voi may do quang don gian thi mét ngudi 1a mot detects, nhung mét ngudi chi
nhay cam véi bic xa c6 bude sdng tit 400 d&n 700 nm dac biét 13 v&i bic xa cd bude
séng ~ 600 nm (mau vang) vd méit ngudi khong thé phan biét duge hén hop bic xa ¢
bude séng khac nhau (ngay ca khi chi gobm 2 mau).

Trong cac may phd quang hién nay detecto duge dung phd bién la loai détectd biic
xa cé kha nang chuy&n hda tin hiéu quang thanh tin hiéu dién nhd mét bo bién nang.
Yéu ciu cog ban la tin hiéu do dudc cudi cung S phai ti 1é thuan vdi tin hiéu nang luong
bic xa ban dau P:

SaP hoac S = kP

Héang s6 & bi€u thi do nhay cua detecto va detecto cang e¢d dd nhay cao thi cang
duge dung dé do nhitng cudng do sang cang bé. Tuy nhién cin luu ¥ rang ca khi khong
¢6 anh sang chidu vao detecto nhigu khi ta vin thdy ¢ mét tin hiéu dién nén, duge goi
la dong tdi d tuc la:

S =kP +d

Cdch phé bién thudng ding d& loai trif dong tai 14 chinh tin hiéu dé c6 S = 0 khi
P = 0 truéc mbi phép do. Ciing cén lyu ¥ rang trong thuc té rat khe xac dinh duge hang
s6 k vi phai cin dén mot ngubn sang chudn va phai tinh tedn dude moi that thodt gita
ngudn va detects. Ngoai ra  lai con bién d6i theo budc song. Tuy vdy trong thyc té ta
thudng khong can d& ¥ dén k vi ta khong do true ti§p P ma lai do A = log P /P. Nhu
vay khi do miu tring (hay chat chudn) ta duge tin hig¢u S = &P, va khi do chat nghién
cdu duge S = kP thi do hap thu sé la:
P logS, /& S,
A=log— =—— = log —
P logS/k 8
Tuy khd nang chuy&n hdéa tin hiéu cha detecto ma ta cd thé cd eac detects quang
dién (chuyén hoa tin hiéu quang thanh tin hiéu dién) rat duge st dung phd bién trong
nhidu may ph8 quang hién dai va céc detecto nhiét dién (chuyén hoa duge tin hiéu nhiét
thanh tin hiéu dién)...

18.2. Cdu tao cia mot mdy do d§ hdp thu quang

Trude khi xét cy thé cdu tao clia mdt may do d¢d hap thu quang nao dd ta cdn nhan
thide r6 ring cho dén hién nay da cd rdt nhigu ki€u may do véi gid ca rat khac nhau,
tit mdt vai triéu dong dén hang ti dong. Nhu vay, tuy hoan canh cu th& cla tung trudng
hgp ma ta cé thé tiép xtc véi loai may nay hoac may kia. Vi th€ trong pham vi tai liéu
nay ta khéng thé gidi thidu duge di dai dién cua cac kiéu may ma chi cd thé gisi thiéu
mot kiu phd bién nao dé d€ lam thi du cu thé.

Trudc hét, vé cic kifu may ta cd thé tam thoi phan loai nhu sau.

- Kiéu may diing toan bd phd kha kién (VIS) cia ngudn d& do mau "tdng hop” cta
d6i tugng nghién ciu, duge goi chung 1a may so mau (sic ké).

- Kiéu may dung kinh loc d€ chon séng thich hgp cho tiing d&i tugng nghién cdu
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duge goi chung 12 mdy so mau dung kinh loe (quang k& ¢6 kinh loc).

- Ki€u may dung detecto quang dién dé do nang luong bic xa & mot hoac nhigu
buge séng déu duge goi la may quang phd (quang phd ké).

- Kiéu mdy dung bé khuéch tan (lang kinh hoac cdch ti hodc cd hai) dé€ tach duge
bic xa thanh nhitng dai sdng hep don sdc déu dugc goi chung 1a may phd quang (phé
quang ké&).

So db tdng quat cda moi ki€u may da dugc trinh bay ¢ phan dau chuong nay. Bay
gio ta xét cu thé mot thi du la may phd quang don gian duge dung rat rong hién nay
la may Spectronic 20 - ¢d dang ngoai (A) va sd dd quang hoc (B) dude vé ¢ hinh 18.6
dudi day.

Nguén sing trong may 14 mot dén téc vonfam. Buc xa sé di qua hé thiu kinh va
khe vao t8i mot cach tit phan xa sao d€ duge khuéch tan thanh nhidu dai cd busde song
khac nhau. Nim chinh buée sdng (cam budc sdng) sé giap ta chon dugc budce séng thich

Bing doc ket quo

Agan dong Nim chink
mav by :a’n‘y

"\ ’
Nimm chink cnk
Sdng (7005 )

Nom chinh dong 15

A.Dang ngodi cva mdy Speetronic.,

N
PN Théu kink

Hen

83 phéin chink
dak sdng (100%)

P CoviF {am bv8c song
Foong dien d"‘#}y mEu

B. Sor d quang hoe ¢da nidy Specironic

Hinht 18.6. Dang ngodi (A) ¥i sor d6 quang hoe () cla nidy Spectronic (R) 24.
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hogp cho phép do di qua khe ra t6i miu do. Ngan d€ miu clia mdy nay cd thé dung duge
cho céc cuvet hinh tru va ca cho cic 6ng nghiém ré tién v&i didu kién cdc 6ng dem dung
phai that dong nhédt. Cu6i cung bic xa sé di tdi detects 1a mot dng quang dién dé chuyén
hda tin higu quang thanh tin hiéu dién, duge khuéch dai 1én réi dua vao sd dé ciau co
thudec chia do theo thang d6 truygn qua tuyén tinh (tit 0 d&n 100%) va theo thang do
hdp thy phi tuyén tinh.

Khi dung &ng quang dién nhay cam véi mau xanh thi mdy sé hoat dong dugc trong
khoang bitc xa c¢d bude séng tu 340 d&n 650 nm con néu ding dng quang dién nhay cam
vdi mau 46 thi ta cd thé md réng khoang bic xa dén ¢d budc sdng 950 nm nhung can
dung thém kinh lge dé cho khodng md rong nay.

M4y nay ré tién, dé thao tac nhung cd d6 chinh xdc khong cao 1am 1+2%. Mubn cd
nhiing dé chinh xdc cao hon ta can ¢ nhitng may hién dai hon. Dén nay tai nhiéu co
s& nghién cdu da ¢é nhitng mdy v6i hai ngudn sang (mot ngudn la dén hidrd hoac dén
doteri dé cho bidc xa viing tif ngoai vA mot ngudn la den vonfam d€ cho bite xa kha kién)
¢6 thg hoat dong trong khoang bifc xa cd bude sdng tit 190 d&n 1000 nm va cd thé cho
qua nhitng dai séng hep d&n tan 0,5 nm. Tin hiéu do duge cd th€ ty dong hda va tu ghi
khign ngudi phan tich cd thé c¢é ngay duge két qua & dang chn cd (thi du dudi dang
nong d6). Tuy nhién, nhitng mdy nay thudng ¢ gid thanh rat cao nén khéng phai co sd
nio cing cd thé du digdu kién mua sit dung.

18.3. Cédc ung dung

i18.3.1. Ung dung cong nghiép

Phudng phap phd quang duoc vng dung rdt réng rai trong cong nghiép vi kha nang
cho két qua nhanh va kha chinh xéc (dén 1+2%), lai ap dung dude cho khodng gia iri
rong ctia chit phan tich., Bang 18-2 liét ké mét s6 dng dung gquan trong. '

Trong thyc t& phan tich d& nang cao d¢ chinh xdc va loai trif &nh hudng cia céc
chét can ngudi ta thudng dung nhitng méu chudn ¢d chda ham lugng chat can nghién
cdu da dugc bigt chinh xac, dong thai cé chia nhitng lugng tuong duong céc thanh phan
¢é trong mau chdt dem do. Trong truong hop nay ta sé khong con phai luu y dén viéc
pha loang nhidu hoac it, khong ¢in tinh d&n dd hép thy phan td cia chat nghién cdu
néu diung cing loai cuvet d€ do v4i mAu cd khéi lugng nhu nhau ta sé co cach tinh vo
cing don gian ma vAn dam bao do chinh xdc chdp nhan duge. Chéng han, trong nhiing
didu kién trén, dé xdc dinh mangan trong thép, ta sé c6 méi quan hé ti 1&¢ thuan gilia
d6 hdp thu cta dung dich pemanganat v&i dé bach phin cia Mn vi lde nay:

D& hdp thu do duge cia dung dich miu nghién cdu la A = &(% Mn,) va d¢ hdp thu
do duge cta dung dich miu chudn chda Mn la: A = k (% Mn,) tit dd ta rut duge
thanh phan phan tram cia Mn trong chat nghién cdu la:

A,‘(
%Mn, =-—— . %Mn,,
Ach

Thi dy n&ua méiu chuin chda 0,243% Mn ¢6 dé hép thu la 0,479 va miu chit nghién
cvu duge x¥ Ii trong nhitng diéu kién tuong ty ¢d d§ hap thu la 0,452 thi <6 bach phan
cia Mn trong chit nghién cdu sé la:
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0,452
%Mn =—— x 0,243% = 0,229%.
0,479 .
Bing 15.2. Mot s dng dung c¢ha phwrong phip phd quang trong cing nghiép
Cong nghé DO1 romg nghién | Chit ciin phén tich Thude the ding Buve sing do, nm
ctru
Duoe phiim | Chat khing sinh Clotetraxyctin Tao vong cing voi ‘Ih 405
Chit khing sinh Streptomyxin Axit picric 325
Chilt khing sinh Penixilin 1 lidrocy lamin, 1 485, 515, 622
(e hoemon Clortison Phenylhwdrazin, 11,503, 410
Thue phiim | BoL mi I'e - o-phenantrolin Rl
Thit Nitrit ee=niphty lamin, ax-sunfanilic 520
Thit Nitrat Bruxin ancaloil 425
I'nédn bdn I'han hdn P 1ong | Molipdovanadat 420
Son Chat mau Ti 11,0, 410
Thuy tinh Han hop dat hifm | Nd, Iy - B65(Nd), 151
Kim loa Dang thau Al Stiihase crom 063
bHong thide Be ax. p-sunfopheny lizosalicilic 450
Nhdim v axtungstovanadophotphoric +40
Thép Mn KIO, 525
Thép Ti Tiron 420
Thép Nb Brompyrogalol o 610

I8.3.2. L}’ng dung moi trivirng

D6i v6i viéc phat hién, kifm soat va loai trir cdc chat 6 nhiém trong mei {rudng cia
ching ta, cy thé 1a khong khi, nudc, thuc phdm va nhing chét lidu ta cd tiép xic, thi
viéc phan tich ed vai trd dac biét quan trong. Cac phuong phép phan tich tng dung cho
mdi trudng can cd doé nhay cao vi nhigu chdt 6 nhiém véi ham luong bé (e phan triéu
- ppm -, phén ty -ppb-, tham chi phan ngan ti - ppt-)} déu d4 cd thé gay bénh hoac tao
mui, vi khé chiu cho ngudn nuée uéng. Cung vdi yéu cau vé d6 nhay, cdc phuang phdp
phan tich dung trong mai trudng cdn can ¢ 4o chon loc cao, vi cde chdt & nhiém co
mat trong moi trudng thudng tdn tai cing véi nhitng lugng rdt 16n cac thanh phan chu
y€u clia méi trudng nhu nito va oxi trong khong khi, nudc trong cdc ngudn nude... va
cac thanh phan nay cén cd thé chita nhiéu tap chét khdc nita c6 thé gay can hode cung
¢dp nhitng tin hiéu ¢6 thé 14n 4t tin hiéu cia chat can phan tich.

Tuy cd yéu cdu cao v& d¢ nhay va do chon loc nhung cac phuong phap phan tich
dung dung cho moi trudng lai khéng cd yéu ciu cao vé d6 chinh xdc vi trong pham tri
nay vén dé quan trong la sy phat hién ra doc t6 trong d6i tugng nghién cdu con ve licu
lugng thi tiy thudce chdt cu thé ma cd yéu chiu vé lugng t6i da cho phép chi khéong can
xdc dinh that chinh xdc 13 trong d8i tugng nay cd 5 hay 10 ppb déc t5. Vi vay phuong
phép phé quang hién vdn con 13 mdt trong nhitng phuong phap co ban duge st dung
trong nghién ciu mdi truong. Dudi day 1a bang liet ké (bang 18.3) mot s6 thi du trong
phan tich méi truting bang phé quang.
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Bang 18.3. Ung dung cia phuong pliip phid quang trong phiin tich méi trirong

Chill ¢én phin tich Thude thir vihode phuong phap s dung 4 (nmy
Khong khi:

AS bac dicty Idithiocachaminat N
HCHO p-rosanilin 570
o5 I'eCly, dimetyly -phenylendiamin 670
NI1, thudic thir Nessler (K1 1gl,) 450
NQ), N{):: axit sunfanilic, N- lnaphty l<lilendiamin-21 1] 550
b ditizon (phae Ph duoe chifl vio L Mricloclan) 30
S0, f-rosaniin 504
Nirde:

Al brompirogalol, phuong phip dong chdy TEA 623
clorua SONT ol II:.;(S(TN).2 bi CF s i, Te (1L 450
Cr (v dipheny keachail ' S
Cu khir d&n Cu(l), disunfonal batocuproin 450
e o-phenantrolin 310
NO, NGOG suntanilamit, N--nuphty l-eiilendiomin-211C 520
phenal ferixyanua Kiém, 4-amin-<ntipirin 460, 31
photphat amoni molipdat, khire thinh mju xanh molipden 700
5i amoni molipdat, che photphat Biing axil oxalic 410

18.3.3. Cdc vng duny khice

a) Ung dung trong v hoc

Ngay nay viéc st dung cac thong s6 vé cac chit cd trong mét s6 dich cla co thé:
mau, nude ti€u, dich da day, dich tuy... d&€ chan dodan tinh trang bénh i eda con ngudi
da thanh rat phd bién va hiu nhu khéng thé thiéu va dd cing la d6i tugng cia mot b
phan hda phan tich - hda hoc lam sang. Phuong phap phé quang la riat phu hop trong

viée xac dinh hau hét cac thong s6 nay.
Dudi day 1a bang liét ké mdt s6 thi du phd bién (hang 18-4):

Bing 18.4, Cng dung i phwong phip phd quang trong ¥ hge

Chiit cén phiin tich Thuide thir vafhode phuong phip s dung A ()
hilirubin axit sunfanilic &3 duoe diaen haa 540
cholesterol anhidrit axetic - IIES()4 025
plucowey khir Cull) = Cufly; Cu(ly khir axit photphomolipdic 420
2lucoey o-oluidin : H35
photphat (vO o) Nu;, MO, p- metvlaminephenol 7000
mitey uré men ure, N;IEW( ) 4 thude thir Nessler 490

Ta ¢6 thd cu thé hda mét thi du vé glucozo trong mau:
Cho miu tdc dung vai Cutll), glucozo trong mdu sé kht Cutll) vé Cu(l) theo phan
ing:
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C,H,,0, + 2Cu + 6H,0 ==Cu,0 + C,H,,0, + 4H,0*

Vi phan ting khéng hoan toan nén phai ¢o thoi gian ti€p dién (8 phut) va phai ding
phuong phdp dudng chuin trong thuc nghiém. Sau phan dng nay ta thém axit
photphomoelipdic vao d¢ Cu(I) khit thanh mau xanh molipden va dung dich thu duge sé
duge dem do & 420 nm.

Hién nay viéc phan tich dan 18 bang titng phuong phap héa hoc riéng cho titng d6i
tuong da khong con duge dung phd bién vi khong ddp dng kip nhu cAu cGa bénh nhan.
O nhizu bénh vién, nhdt la nhitng bénh vién 1dn, hién da e6 nhitng phong xét nghiém
duge trang bi hién dai bing nhirng cong cu phan tich ty d0ng cd the thude loai don (chi
phan tich moét loai chét) hoac loai da nang (phan tich duge dong thoi nhieu loai chat
trong mét mau thin vdi s6 lvgng hang tram mau/gis.

b) Ung dung trong t6i pham hoc

Hda hoc phan tich ndi chung va phudng phap phé quang noi riéng déu dong vai tro
khd quan trong trong pham tri téi pham hoc. Viéc phan tich cac mau tde, mau mdu
hoae cac mau duge pham... ¢d thé cung cdp nhiing ching cd pham t6i hoac ngoai pham
cho phap 1i. O day do chinh xic, d6 nhay va do nhanh caa cac phuang phdp phan tich
thich hgp can phai duge luu ¥ ding muc. Ngoai ra, cdc phuong phap dp dung & day con
can duge chu y dén tinh chat hop phap ntra tuc Ia phai sit dung nhirng phuang phap da
duge thira nhan la cd tu cach phap nhan d€ cde két qua phan tich dua ra dang duue coi
la bang chitng.
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PHUONG PHAP PHO HUYNH QUANG PHAN TU

19.1. Dai cudng vé phuong phdp ph§ huynh quang phan tir

Dudi tén phuang phdp phd huynh quang ta ¢6 thé hi€u dd la tap hop nhitng phuong
phdp phd huynh quang, lan quang va héa quang phan ti. Trong méi phuong phap cée
phan t chat phan tich d&u duge kich hoat dé tao ra nhitng phén ti ¢d phé phat xa 6
kha nang cung cdp nhiing théng tin cho phan tich dinh tinh va dinh luong. Vi vay cdc
phuong phap nay deu dude goi chung 1a phuang phap phat quang.

Hién tugng phat huynh quang va lan quang ddu gidng nhau & chd cdc phan ti déu
bi kich hoat do hdp thu photon va vi th& ching dugc g0i chung Ia hién tugng phat huynh
quang. Su khdc nhau giva ching 14 trong hién tugng phat huynh quang thi cdc chuyén
bién nang lugng dién ti khéng cd lién quan véi sy thay déi spin dién tir va vi viy cd
ddi séng rdt ngin (< 10 giay), hau nhu 1a tat ngay, con trong hién tugng phat lian
quang thi cdc chuyén bién nang lugng ludn di kém theo qua trinh bign d6i spin dién ta
va nhu vay biuc xa ton tai lau hon (thudng la vai giay hoac lau hon nita), dé phat hién.

Trong da s6 truong hop phat quang, di 1a phat huynh quang hoac phat lan quang,
biic xa phdt ra d&u cd bude song dai hon so véi bude song ca buc xa da dung dé& kich
thich.

Trong hién tugng phdt hda quang thi cdc phan td kich hoat duge hinh thanh do qud
trink phan dng héa hoc, e thé dd 1a san phdm cia phan \ing héa hoc gitia chat phan
tich v6i thude thit thich hgp (thudng la nhitng chit oxihéa manh nhu 6z6n hode hidro
peoxit} va phé dac trung thu dude la clia san ph&m oxihda céia chéat phan tich; ¢¢ thé
dé la nhitng hiéu Ung phu c6 lién quan dén phan ing hda quang va hiéu ung gisn tiép
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nay ¢d thé duge ding lam thong s6 phan tich.

Trong pham vi sdch nay ching ta chi xét d&n nhitng vin dé dai cuong cda cic
phuong phap huynh quang nhu da duge gidi thiéu @ trén va chi han ché tic nhan kich
thich 1a bic xa dién tir.

Can phai ndi ngay ring mot trong nhitng tinh chdt hdp din cla cac phuong phdp
huynh quang }a ching déu ¢6 d0 nhay cao va cd gi6i han phat hién bé hon L 10 dén
1000 lan so véi nhirng phuong phdap phé hdp thu khic. Gidi han phat hién cua cac
phuong phap huynh quang thudng cd gia tri dén con s6 phan ti {ppb). Mot vu diém niia
cua cdac phuong phap nay 1a ching déu ¢d d¢ tuyén tinh trong khodng nong 46 kha rong
va chiing déu ¢é dd chon lge cao hon.

Viéc do cudng 46 phat huynh quang nhu vay sé cho phép ta xac dinh duge nhitng
lugng vét cta nhidu chdt vo co hodc hitu co. Da s6 cac phuong phép huynh quang déu
duge tién hanh trong dung dich bing phuong phap chudn ngoai nén cac mAu phan tich
néu 1a chit ran thi can phai duge hoa tan. Cling cd thé do cudng do phdt huynh quang
cho cdc pha khi hoac rdn nhung sé khong duge xét dén trong pham vi sach nay.

19.2. Nguyén tic chung

D& thuc hién viéc xdc dinh mét chdt nao d6 bang phuong phap phd huynh quang
phan tir ngudi ta thudng diing mdy do huynh quang hodc quang phd ké huynh quang.
Cac loai may nay thuong khong dat 1Am va cd thé cung cdp dugce gidi han phdt hién du
bé néu ngudn nang lugng bic xa kich thich dd Ion.

Co thé hinh dung
khai qudat vé phuong
phdap huynh quang

. . s \ i 2
phan tu’ nhu hll’l’h 19.1 Bie xa huinh quong £, 43, < he/a
Chét phan tich hép 4 ! | L 21

q
thu buc xa t‘ir ngodi ~ t 1:f L] 2?_?:;:25;;‘
(19.1a) sé bi kich thich ’
tdi trang thai I hodc . -
trang thai 2. Cdc phan M}‘q il
ti bi kich thich ¢ thé ° /
giai phdong niang lugng a)
du bang cach phdit ra
photon (huynh quang x
H) hoac bing cdc qui
trinh khong bic xa
(biu dién bing cac
duong chdm trén hinh
19.1b). Hién tugng
phat xa 13 ding hudng (hinh 19.1a) va cac tin s6 phat ra sé tudng uUng vdi hiéu ndng
lugng gitta cdc mic ¢hinh 19.1c).

xa
ffﬂyéﬂ gea 5
v

c)

Hinh 19.1. Sor 5 khii quat v& phwwong phdp huinh quang phin tir.

Néu ta chidu xa miu bang mdt dong buc xa dun sic chia photon ¢é nang lugng dng
véi hiéu nang lugng can thi&t cho qué trinh hdp thu thi mét phan cia cudng do bite xa
tdi I, sé bi hap thu va cudng d6 buc xa truyén qua I s& nhd hon cudng dd bie xa tai /.
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Trong nhitng digu kién nhat dinh, cudng do bvc xa huynh quang I, 88 ti 1& thuan voi
cuong do bic xa hdp thu (7, — I) theo:
I, = kU, - D (19.1)
Hang s6 k& phu thudce vao chat phan tich va maoi truding va cd quan hé véi hiéu suit
phit ra photon cta nguyén t& hoac phan tét khi tiu trang thai kich thich tré vé trang
thai cd ban. Cudng dé bitc xa truyén qua c¢é quan hé vai ndong do chat phan tich theo
dinh luat Beer la:

I=1,. 10%¢ (19.2)
Thé& phuong trinh 19.2 vao phudng trinh 19.1 ta duge:
I, = kI (1 — 10°171¢) (19.3)

Phuong trinh 19.3 ¢ thé duge tri€n khai thanh chudi Taylor dé€ cho ké&t qua la;
(2,303¢10)?
I = RI2,303 eiC - ——nouw— ] (19.4)
2
V&i elC = 0,01 thi cdc s6 hang cd bac cao trong chudi sé cd gid tri bé hon 1% =0 véi
I, nén déu ¢ thé bé qua va nhu vy thi:

I, = 2,303 kI ¢IC (19.5)

Tom lai, trong digdu kién ndng dd bé (tuc la ¢ do hdp thu nhé, véi /C < 0,01) thi
cuong do buc xa huynh quang sé ti 16 thuan vai néng dé chat phan tich va vai cudng
do bic xa t6i I . Day la ché dua cla phueng phap huynh quang phan t& dung xde dinh
noéng d¢ € cia chdt phan tich theo cudng d6 huynh quang 7.

19.3. Coéng cu trong phuong phap huynh quang phan tir

Vé nguyén tdc, cdc cong cu dung trong phuong phap huynh quang phan t cing bao
gom cdc bé phan co ban gidng nhv trong phuong phap hdp thu, tic la cling gom cd
ngudn bdc xa (kich thich), bé chon song, ngan dung miu va detecta.

19.3.1. Ngudn kick thich

Trong nhitng digu kién nhat dinh nhu da néu trén, tin hiéu phat quang ti 1& thuan
vai cudng do bidc xa tdi. Vi vay ngudn kich thich Iy tudng phai la ngudn bie xa cd ds
sang manh, bén va ¢d budc sdng thich hgp. Véi cdc ngudn sdng thong dung ta cd thé
ding guong hoac thiu kinh dé khuéch dai bue xa.

D&i voi nhitng mdy do huynh quang don gian thi dén hd quang thiy ngan cé dp sudt
thdp la ngudn biuc xa phd bién nhat. Nhitng vach sdng ¢ 254, 312 va 365 nm la nhitng
bude sdéng kich thich phit hop cho nhigu phan t&. Nhing dén nay 6 thé duoce phu
photpho dé dich budc song dén nhitng gia tri 1on hdn (thuong 1 ti 254 dén 280 nm)
nhung d¢ sding cd bj giam di.

Trong cdc may phé huynh quang thuong mai thi ngudn bie xa kich thich phd bién
la dén ho quang xenon 4p sudt cao tir 75 - 450 W, Ngudi ta cing hay dung cac den cao
dp thdy ngan va dén thiy ngan - xenon, Do sang cta den Hg thudng manh hon nhicu
50 vai den Xe § cung buée sdng. Dén hd quang can ¢d ngudn nang lugng cd kha nang
cung cip 15+-30 V d 520 A,

Cing can biét rang ngudn ic xa Ii tudng cho phuong phap huynh quang phin ta



296 PHUONG PHAP PHO HUYNH QUANG PHAN TU

la bdc xa lade nhung hién nay loai ngudn nay van chua thay cd nhigu trén thi trudng
trit nhitng trudmg hop duge chi dinh dé do thai gian séng trong mét s6 phong thi nghiém.
Li do don gian 1A loai ngudn nay thudng dat hon, phdc tap hon, khd bao quan hon ma
lai kém én dinh hon.

19.3.2. Bé phin chon song

Yéu eau chung cua viée chon loc bitc xa la phai khuéch dai duge tin hiéu huynh
quang va giam thi€u tin hiéu n&n. D& tranh khéi nhin thdy truc tiép ngudén bdc xa
khuéch tan dan hodi thi khoang bude séng cd duge do kich thich va budc sdng can loc
phai khong phii nhau, Viée dung cdc ngudn sang lién tuc d€ lam tang dai sdng kich thich
¢6 cai lgi 1a lam tang dugc cudng do buc xa t6i. Thong thuung thi dai séng kich thich
rong hon dai séng hip thu.

Vi ving phat xa thudng réng (tu 20 dén 100 nm) nén néu tang dai lot phat xa thi
tin hiéu huynh quang sé 16n hon. Cd thé digu chinh hién tuong nay € phan biét su
huynh quang cta chdt phan tich véi huynh quang nén va tdan xa Raman.

Kinh loc thudng duge ding chon séng vi ¢6 thé€ dat hiéu sudt cac gdp 10-100 lan so
véi don sdc k& Dung kinh loc giao thoa cg dai lot hep s8 tao duge dé chon lec cao han
so voi kinh loc h&p thu. Ndi chung khi ding kinh lgc nén chon loai it ed kha nang phat
huynh quang. N&u mudn cd dd chon loc cao hon nita ta 6 thé st dung t6 hop 2 (hoac
nhitu) kinh loc dé& ¢d dai lot hep hon.

Thong thudng trong cdc may phd huynh quang ngudi ta hay dung cic don sac ké
cé dé phan giai trung binh.

Trong phan tich dinh lugng ngudi ta hay dung khe kha réong (0,5 dén 2mm) va dai
phd lot tuong déi rong (4 dén 20 nm) dé lam tang cudng do buc xa huynh quang phat
hién duodce vi khe réng sé lam tang dugce dién tich nguén kich thich con dai phé lot réng
sé lam tang khoang budc séng kich thich tdi miAu hoac khoang bude séng phit xa thay
duge. D& ¢d hiéu dng quang hoc 1dn nhat thi khoang bude sdng & don séc ke kich thich
la 300 - 400 nm va & don sic k& phat xa 14 450 - 550 mm.

19.3.3. Ngiin dung miu

- Ciing nhu trong cac cong cu do dd hdp thy phan tk, ngan dung mau & day phai {a
noi thuén tién d& cd thé€ dat va giit duge mdt hoac nhidu mau, cd thé digdu chinh, giam
sat nhiét dé cia méu va cd thé khudy tron mau khi can.

Binh dung mau cd thé gém nhiéu loai. Cac may do huynh quang don gian thudng
dang loai binh dung hinh tron nhu ki€u 6ng nghiém. Loai binh dung chuin thudng cd
hinh vudng (1 x 1 x 4,5 em) duge mai nhdn ca 4 mit chd khong chi nhian 2 mat déi dién
nhau nhu trong cdc binh dung ding do do hdp thyu. Tuy trong mét s6 phép do ta co thé
diing binh dung bing leal thdy tinh thudng nhung t&t han vin nén dung loai binh duoe
ché& tao bang vat liéu silica tong hdp nung chay cd chit ludng cao.

19.3.4. Mdy thu tin hi¢u - Betecto

Do cutng do phat xa huynh quang thuong ta thdp nén nhigu detecto thong dung
khong thé duge st dung & day. Vi vay ngudi ta thudng phai dung dén 6ng nhan quang
trong nhidu phép do d budc song nhidt dinh hoac trong cdc thi nghiém cd do quét bé.
Diung detectd da kénh ndi véi quang phd k& phat xa ta e thé thu duge nhitng phs phat
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xa day du tron ven. Cdch lam nay cd lgi trong viéc nghién ciu dong hoc va trong cac
phép do hda quang, khi nong dé cdc chat phat quang bi bién déi theo thui gian. Cho dén
nay cdc mdy phé huynh quang da kénh van chua duge st dung phé bién nhy cac may
quang phd da kénh.

19.4. Ung dung cua phuong phdp phd huynh quang phan ti

Phuong phdp phé huynh quang phan tit ¢d thé duge si dung trong phan tich dinh
tinh ciing nhu trong phan tich dinh lugng.

19.4.1. U"ng dung treng phin tich dinh tinh

Ndi chung phuong phap phé huynh quang phan tu khong duge xem la eéng cu t6t
dung cho phan tich djnh tinh vi thudng cac phan tif ¢6 cfu tric khée nhau khéng nhigu
déu cd nhitng dac diém vé phé gi6ng nhau, khd phan biét. Tuy vay, hién nay da cd sin
rdt nhigu phé chudn v& huynh quang kich thich ciing nhu huynh quang phat xa cua rit
nhiéu phan t cd thé dung d6i chidu vdi cde chdt phan tich d& nhan ra nhitng chit can
tim & ndng do rdt thap. Trong cong nghé quang hoc phuong phap nay da dude dng dung
dé phan loai thuy tinh, dé ddnh gia chat lugng gify hoac d€ kiém tra thanh phian phdi
lieu nhya, d& chon va phan loai kim cuong, da quy...

Trong phan tich moi truting phuong phap phé huynh quang duge dung lam céng cu
phip Iy d& nhan biét hién tuogng tran diu vi cdu tric dao dong cia cac hidrocacbon da
vong trong dau la ddu &n dé nhan biét duge trong phd huynh, quang.

19.4.2. b”’ng dung trong phin tich dinh lwong

Trong phén tich dinh lugng, phuong phap huynh quang c6 do nhay cao nén rat thich
hgp che viéc xac dinh cdc tap chdt vi lugng v8i ndng do bé (khoang 10-5 dén 10°¢%) va
sai s6 tuong déi khoang 5-7%.

19.4.2.1. V4t cde chdt vé co

Tuy da ¢d nhiéu phuong phap huynh quang duge dé xuit dung cho cdc ion kim loai
nhung chi ¢ s¢ {t trong nhirng phuong phdp nay duge dp dung thudng nhat vi chi cg
mét s6 it cdc ion kim loai khéng tao vong, chu yéu la céc ion Ce (III), Tb (III), Eu (11D
va cde actinit UOS, Th (I)... méi ¢d kha nang phat quang dang k& trong dung dich.

Nhieu thuéc thd vé co ¢d khd nang lam tang d6 phat quang cua cac ion kim loai,
thi du nhu ion uranyl trong axit photphoric dac s& phat quang manh hon nhiéu, hoic
nhu cdc ion TI (I), Sn (1D, Pb (II), As (III)... trong HCI va HBr dac déu phat quang.
Kha nang phit quang thudng tang kha nhidu & nhist dé thap (= 77 K)

Da 6 cdac phuong phéap dinh lugng huynh quang vé cd déu dya trén viéc hinh thanh
nhing hop chat vong cang phdt quang véi cic phéi tit khong phat quang. Dudi day la
mot s6 thudc thi thong dung (bang 19.1).

Thuang céc hop chat tao véi ion kim loai cd s6 nguyén tir thap (Be*, Mg2+, Ca+,
Al’*) deu cd giéi han phat hién rdt bé, ching han cd thé& phat hién A3+ trong khoang
néng dé tir 0,1 d&n 1 nanogam/ml.

Cédc phuong phap xdc dinh Se trong cdc chat sinh hoe biang 3,3'-diaminobenzidin,
xac dinh B bang 4’-cloro-2-hidroxi-4-metyloxibenzophenen va xdc dinh Be bing morin
cung 1a nhiing phudng phap théng dung.
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Bang 19.1. M{t s§ thudc thir thong dung treng phuong plidp huynh quang phin e
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19.4.2.2. Vi cde chdat hitu ¢co

Salinyden-aminophenol

Phuong phap phd huynh quang phan ti duge ding nhidu trong viéc dinh Jugng cac
chét hitu co nhdt 1a trong pham vi lAm sing, sinh hda va moi trudng vi & day luén can
xdc dinh nhitng néng do rdt bé (< lug/l} v6i nhirng lugng mau nhd (nhu trong huyét
thanh cua tré sg sinh).
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Nhigu hgp chit sinh hda ¢ kha nang phat quang & nhiét dé phong nhu: tyrosin,
tryptophan,phenylalanin... 1a nhiing axit amin;cde vitamin: A B, B, B,,, E va axit folic;
cac dude phadm: quinin, salixilat, tetraxyclin, bachituran déu cd the duge dinh lugng sau
khi tdch ching ra khdi cde chit ed anh huéng can trd manh.

V61 nhing chit khong phat quang c6 thé thyc hién nhitng phan ung chon loc vai
nhitng thude thi ¢6 tinh chat phat quang tu nhién, chdng han nhu H,80, d6i véi cac
estrogen va cdc corticosteroit, o-phtaldehit d6i véi cac axit amin, Fe(CN)!~ hoac Hg?"
d6i véi thicamin, phenyldiamin d6i vai axit ascorbic...

Phudng phap phan tich huynh quang thudng duge ing dung trong phan tich moi
trudng dé xdc dinh mot s6 hidrocachon tham nhat 1a nhing hidrocacbon thom da vong
nhu crysen, perylen, pyren, fluoren va 1,2-benzofluoren. Nhitng chat nay dude thai ra
mai trudng khi d6t cdc nhién ligu héa thach va da s6 ching deu la nhitng chit cd kha
nang gy ung thu.
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CHUONG 20

PHUONG PHAP PHO PHAT XA NGUYEN TU

20.1. Dac diém cua phuong phip

Phudng phdp phd phat xa nguyén ti duge Busen va Kirchhoft phdt minh vao giita
thé ky thi 19 (vao nam 1858). Tt khi dugc phdt minh phuong phdp phd phdt xa nguyén
td dd ¢6 ddng gop quan trong vao su tim ra céc nguyén t6 hda hoc méi vao giai doan
cudi thé ky 19 diu thé ky 20. Phueng phap duoc ung dung vac cac muc dich phan tich
dinh tinh, ban dinh luong va dinh lugng h&u hét cac kim loai va nhigu nguyén té phi
kim nhu P, Si, As, C va B vdi do nhay thudng dé&n cap ham lugng 0,001% hodc ham
lugng thap hon. Mét nét hét ste dac thi cta phudng phap phd phat xa nguyén td 1a o
thé phan tich duge nhigu nguyén té trong moét lan phan tich va cd thé phan tich cac
nguyén td trong cdc déi tudng & rdt xa dua vao anh sang phdt xa tu cdc d6i tugng do.

20.2. Su tao thanh phd phdt xa nguyén tix
20.1.1. Nguin gi'c phd phdt xa nguyén tie

Phuong phap phd phat xa nguyén t dua vao viée do budc séng, cudng dd va cac
dac trung khde cua cac bic xa dién tit do céc nguyén tir hay ion & trang thai hoi phat
ra. Viéc phat cdc bdc xa dién tif trong mign dnh sang quang hoc cla cac nguyén ti la
do sy thay ddi trang thai nang lugng cua nguyén td. Theo hoc thuyét cdu tao nguyén
tu, cdc nguyén ti chi c6 thé ¢ mot s6 mue nang higng gidn doan E E, E,,... ma khong
6 cac trang thai nang lugng trung gian thi du giga E,va E| hoac gita E va E, v.v..
Trong di¢u kién binh thudng cdc nguyén ti & trang thai nang lugng co ban. Khi cép
nang lugng cho nguyén tir bing mét bién phap nae dd thi du do su va cham vdi cae dién
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ti chuyén dong nhanh hoac bing ngudn nhiét ¢d nhigt do cao (ngon Ita, hd quang, tia
ltta digén v.v...) cdc nguyén tid cd thé chuyén sang muc nang luong cao hun E,, E,, Ej,
.. E, v.v.. ngudi ta ndi cac nguyén ti chuyén sang trang thai kich thich hay cén goi la
bi kich thich.

Sau mot khoang thai gian ngan (107 + 10% s) cdc nguyén tit & trang thai kich
thich s& tu quay vé trang thai nang lygng thdp hon (trang thai co ban hay trang thai
kich thich nao dé nhung & muc nang lugng thap hon). Nang luvong AE dugce nguyén tu
giai phong dudi dang cac lugng tit anh sang Av theo {20.1):

AE = hwv (20.1)

Tan s8 v cta anh sdng duge xdc dinh theo hé thic:

AE EY — E, E, E
ym=—— =N A A A (20.2)
h h . h h

trong dé: EY, E, - nang lugng cua nguyén tu & trang thai kich thich vA trang thai nang
lugng thap han.
Hoac néu dac trung cho bde xa dnh sang phdt ra dudi dang s6 song v, ta ¢d thé tinh
v theo hé thue
E* — * h]
v =L :_A.i’\ = & - %i\._ (2093
c he he he

20.2.2. Sé" hany quang phé

. . . . £ eV
T cdc cong thie :

(20.2) va (20.3) ta thay ” ;; G/ /1777 R P A A
moi bic xa anh sang do "1l 5 i
nguyén tu phat ra khi bj 2L L) E, :
kich thich deu lién quan gl T T L,__ £ 3

st 2= = [
v?l trang thaf nang lugng PUAS £ 2
cua nguyén tu. g &

Trang thdi nang lugng .

cua cdc nguyén tu don i
gian nhu nguyén tu hidro r
cd mot dién td, cd thé §r
duge xdc dinh khi giai 5t
phuang trinh Schrodinger 4F
cho trang thai ditng vdi st
nguyén ti hidro va tim Al
duge bigu thic sau day vé
trang thdai nang lugng ;” ,
dién ti cda nguyén tu ST Z

. a
hidro:

—~2n2me!
E =—— (204
hen< Hinh 20.1 a- Dy chinh (tir ngoui chiin Khang); b- day phy | (nhin

thay (20.4) vao (20.2) va thay); ¢- diy phy I (hdog ngoai).
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(20.1} ta co:
2r2met ;1 1 , 11 -
v:T(E—E) = R (E—E) (20.5)
. - 27’met | 1 1 1 1 - _
va V=g (;l._;l_) :R(n_f_n_f) (20.6)

ny, van, -s6 lugng tl chinh cia dién ti & trang thai co badn va trang thdi kich thich;
R - hang s6 Rydberg, mot hang s6 vat li co ban:

21émet
R = —
h3C

S8 sdng » cla cdc vach phd xdc dinh theo phuong trinh (20.6) ¢6 thé dudge biédu dién
& dang hiéu hai dai lugng:

_ R R
v - (20.7)
ni n?
Céc dai lugng nay duoc ki hiéu chung la 7 va:
R
T(ni) = -
ne
1
va R
T(n,) = — (20.8)
ng

va duge goi la s8 hang quang phd.
Cac 6 hang quang phé cia nguyén ti hidro cd thé tinh duge trie tidp theo (20.8);
vOi n; = 1 ta tinh:

R
T(n, = 1) =—— = 109.678,76 c¢m’!
1

Ung dung cic cong thic (20.6) ta cd th& tinh tan 8 (s0 sdng) cla cac day vach phs
phdt xa cna nguyén ti hidro.

Thiduvéi n, = 1van, 22 tacd diy Lyman

n,=2van, = 3tacd diay Balmer

n, = 3van, =4 tacd day Paschen

Véi cong thde (20.6) ta cing o6 thé tinh tAn s6 cdc day vach quang phé dng véi cac
hat tich dién cd mét dién tu, thi du véi ion He*, jon Li%*, ion Be3* v.y.., dugng nhién &

day phai dua vao dién tich Z cta cdc ion va cong thdc tinh v trd thanh:
Z°R 7R
- (20.9)

2 2
n ny

v o=

Cong thite (20.9) ung dung cho nguyén ti hidre hoie cac ion c6 mot dién ti cho két
qua khé chinh xdc, nhung khi ung dung cho cic hat ¢d nhigu dién t& thi do tugng tic
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ctia cdc hat kha phic tap nén viéc dng dung (20.9) sé cho két qua khang chinh xdc tam.
Thi du Rydberg di ching minh véi nguyén ti kim loai kidm cac s6 hang quang phd sé
cd dang:

T(n) =— (20.10)

trong ddé: A 1a s6 hig¢u chinh phu thudc s6 lugng t& phy.

T céc k&t qua trén day ta thdy su xudt hién cua mé&i vach quang phd phan #nh
viée chuyén dién ti tif muc nang lugng nay sang muc nang lugng khac thdp hon va sé
séng v ciia vach phé bat ki ¢ thé tinh duge tit hiéu s6 hai s6 hang quang phd tuong
ing. Tuy nhién thue nghiém cho thay khong phai bat ky su t8 hop nao cta cde s8 hang
quang phd cing cho ta vach phd tuogng dng. Nguyén nhan la viée chuyén cdc mic nang
lugng dién t cda nguyén ti bji rang budc bdi qui tédc chon loc ma & day ta khong dé
cap toi. '

20.2.3. Sur kich thich phdt vach quang phé

Khi mot bau khi bi dét nong cd thé dua dén viéc va cham giua cac hat va cd thé
dua dén su trao déi nang lugng cla cac hat voi nhau. C6 sy va cham chi dua dén sy
trao déi dong nang cua cic phan tit va cham va két qua ja chi lam thay déi chiéu chuyén
dong cla cac phin tit; ngudi ta goi dd la hién tuong "va cham dan hsi". Nhung cling co
loai va cham ma két qua cd thé lam thay d8i ca dong nang }an thé nang cla cdc phan
tu, ta goi do 1a sy "va cham khong dan hoi". Thi du, su va cham cta mot nguyén td o
trang thai co ban A v6i mot dién tu chuyén dong di nhanh. Nguyén ti cd thé chuyén
thanh trang thai kich thich A*, con dién tit bi mat mot phan dong nang. Ta goi dd la sy
va cham khéng dan hdi loai mét. Nhung cing cd trudng hop nguyén ti & trang thai A”
va cham v6i dién ti va truyén nang lugng cho dién ti va trd vé trang thdi A; con dién
tit nhan nang lugng & chuyén déng vdi van t6c 16n hon trude. Ta goi ddé 14 hién tudng
va cham khong dan hoi loai hai.

Céc nguyén tif tit trang thai A chuyén thanh trang thai A” do nguyén t nhin nang
lugng tif cdc bic xa dién tu khéc ¢d nang lugng du 16n nhu edc ngudn cao tan, cdc tia
biic xa cd nang lugng cao v.v... TU trang thai nang lugng A* cdc nguyén tit quay veé
trang thai nang luong thdp kem theo hién tugng phat cdc vach quang phd phat xa
nguyén tu.

20.2.4. Cic diic trung ctia cdc vach quang phé

1. Thé kich thich va thé ion héa

Khi nguyén tl nhén nang lugng, nd cd thé chuyén tif trang thai co ban sang trang
thai kich thich. Nang lugng can thiét ¢€ kich thich nguyén t duge goi 14 th& kich thich
va thudng duge bidu dién bing electron-von {electron-von 14 nang lugng can thiét cho
viéc chuyén mot electron qua dién trudng c6 th& higu 1V).

Khi nguyén tit nhan nang lugng, nguyén td cd thé mat di mot vai dién td dé tao
thanh cdc ion. Ngudi ta néi nguyén ti bi ion hda. Nang luong can thigt d& bt di mot
vai dién tit hda tri & vanh ngoai duge gol 14 thé ion hda. Thé ion hda cling duge do bang
electron-von.

B&i vi cac nguyén ti trung hda va cic jon cua cung mot nguyén td cd cdu tric dién
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tu khdc nhau nén chung tao thanh cdc quang ph8 vach khdc nhau va ching duge phin
biét thanh vach hd quang va vach tia lita dién. Nguyén nhan cta cach goi tén nay la do
cdc ngudn kich thich cde vach phd tuong Ung la ngudn hd quang va ngudn tia lita dién.
Ngudn phat tia lira dién do ¢d nhiét d6 rit cao nen thudng gay ra hién tugng ion hda
cac nguyén tit va dé dua dén hién tugng phat ra cde vach tia lita dién véi thé kich thich
cao.

Con vach hd quang 1a vach phé cua cac nguyén tu trung hoa thudng cd thé kich
thich thap han, nén c6 th& nhan duge vach hd quang tif cdc ngudn nang luong khong
I6n 14m nhu ngudn hé quang dien. Déi voi cde kim loai dé kich thich nhu cdc kim loai
kiém, kigm thé v.v... ngudi ta cd thé thu dudc cdc vach phd hb quang ngay ca voi nguén
la ngon ltta dén khi,

Can nhan manh réng khong thé ¢d quang phé tia lita hozc hd quang thuan tay. Cho
du quang phé duge kich thich bing ngudn nao, trong quang phd thu duge vdn c¢6 mat
$6 lugng cdc vach quang phé gdém ca loai vach ho quang lin vach tia lta dién. Dugng
nhién la vdi ngudn hé quang ta s6 tha dugc quang phd cd vach ho quang chi€m uu thé;
€on vdi cde ngudn tia lita dién thi vach tia lira chidm uy thé.

Trong céc s8 tay vach quang phg ngudi ta thudng ki hiéu vach nguysn tu trung hoa
cia mdt nguyén t8, bén canh ki hiéu nguyén t6, ngusi ta ghi thém s6 I, thi du Fe (I),
con véi vach ion (vach tia lita) clia mot nguyén t6 ngudi ta ghi thém s II d& chi nguyén
t6 bi ion hda mét lan nhy Fe (ID) {cho ion Fe*) va s6 Iil cho nguyén td bi ion hda hai
lan, thi du Fe (II1) cho ion Fe?* vv... V&i méi vach phd ngudi ta cdn ghi thém thé kich
thich hoac th& ion hga,

2. Cuong dé vach queng phé

Cudng d6 vach quang phé dugc dac trung bang do choi sang cda vach quang phd
va cudng do vach quang phd thudng duge ky higu bang I. Cusng do I cua vach quang
phS phu thuéc digu kién kich thich phd, trang théi vat i cua méu nghién cdu va quan
trong nhdt 1a phu thudc nong do nguyén té nghién cdu & trong miu. Su phu thude clia
cudng dé vach quang phd véi ndng dé duoe bi€u dién biang phuong trinh Lomakin sau
day:

I =acCh (20.11)
trong do: a, 6 1a cde hang s6 phu thusc didu kién kich thich va trang thai vat i cia miu
nghién cdu,

Tt (20.11} ta d& dang thu duge:

logl = loga + b logC (20.12)

Tu (20.12) ta thdy cd sy phu thude tuyén tinh gitta logl va logC. Day la bi€u thite
¢d s6 cho phuong phap phan tich quang phé dinh lugng,

3. D6 réng eita vach quang phé

Dic trung quan trong cia vach quang phd 1a d6 réng cua vach quang phd. Nhu da
biét vach quang phd 1a hinh anh cta khe quang ph8 néu khe quang phé cang rong thi
vach quang phd thu duge cang rong. Tuy nhién thuc t& da ching minh tuy cde vach
quang phd ghi duge déu Ia hinh anh cia cung mét khe quang phg nhung lai ¢ do6 rong
thudng khic nhau. Viéc xust hi¢n mau thuin nay do may nguyén nhan chinh sau day:
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a) Trong didu kién binh thudng, cdc bic xa trong phé phat xa khong hoan toan don
sdc ma nang lugng cia ching dudge phan bé trong mot khoang hep nao do cua bude
song. N&u khoang nang lugng phan bé cang 16n thi vach quang phd cang réng. Ngudi
ta goi day la do rong ty nhién cia vach quang phd. Thudng thi dé réng ty nhién cla
vach quang phd khéng ldn 14m va vio khoang 10+ nm. Trong phan tich quang phé, do
rong tu nhién khéng c6 ¥y nghia médy vi thuting kha bé so véi cdc d6 réng do cac nguyén
nhan khac; .

b) Sy dan nd vach phd do hiéu dng Doppler. Hiéu dng Doppler x4y ra khi cac nguyén
tl phat xa anh sding chuyén déng theo chiéu quan sdt. Su didn nd do hiéu ing Doppler
phu thudc khéi lugng nguyén tit cia nguyén té nghién ciu cling nhu nhiét dé. Hiéu ing
dan nd vach phd tang khi gidm khéi lugng nguyén ti cing nhu khi tang nhiét 46, Vai
cdc nguyén t6 0 gitta bang tudn hoan Mendeleev, ¢ nhiét d§ 5000¢C, hiéu {ing ddn nd
Doppler bang khodng tir 0,001 + 0,002 nm,;

¢) Sy dan nd do tac dong cia dién trudng hay tit truong. Khi déat nguyén ti vao tir
trudng hoac dién trudng, cdc muc nang lugng dién ti trong nguyén td bi tach thanh
cdc phan muc. Dd 14 higu dng Stark (sy tach mie nang lugng khi dat nguyén tir vio
dién trudng) va hiéu ing Zeeman (khi nguyén tir duge dat vao tu trudng) gay ra sy dan
nd cac vach quang phd. Tuong ty cdc trudng do cdc hat tich dién tao ra trong plasma
ngubn kich thich cing gay sy dan né vach quang phd du d€ quan sat dugc bang cac
thiét bi thyc nghiém.

d) Su dan nd do sy tang ndng do nguyén td nghién ctu trong mau. Khi tang nbdng
dd nguyén t6 sé gay hién tudng tu hdp thu lam gidm cuiing dé6 6 mién trung tam cua
vach quang phd va vach quang phd hau nhu bi tdch ddi va do d6 cdng lam tang do réng
ciia vach quang phd.

Cac vach quang phd ¢é dé rong qua lén hay qua bé déu kh(‘)ng thich hgp cho phan
tich quang phd. Thong thudng trong phan tich quang phd ngudi ta hay chon vach quang
phd cd do rong trung binh.

20.3. Cdc thiét bj chinh trong phan tich quang phd
20.3.1. Pic didm chung cia cdc thict b quang phd

Trong phan tich quang ph8 ngudi ta dung cac hé théng thiét bi gom ba khéi chiic
nang sau day: hé thdéng chiéu sdng 1, hé thong tdn séc II va hé thong ghi phd III. Trén
hinh 20.2 la 30 do nguyén i cua thiét bi phan tich quang pha.

Hé thong chitu sing bao gom ngudn kich thich quang phd (ngen lida, hd quang, tia
lira dién v.v...) va hé théng tu quang dé chiéu sing khe quang phd. '

Hé¢ théng tén sdc gom cd: khe quang phd, hai hé théng vat kinh: chudn tryc va
budng anh; va cha yéu 1a phan td tan sdc. Lam nhiém vu phan ti tdn sdc cd thé la mot
hay vai lang kinh hoac cach ti nhidu xa. Cing cd cdc leai may ngudi ta két hgp ca lang
kinh va cdch ti nhidu xa d& lam phin tl tan sdc. Vdi cdc may tu chudn tryc thi chi ed
mot vat kinh vita lam nhiém vu chudn tryc vira lam nhiém vu vat kinh budng anh.

Hé théng nhan - ghi phé duge dat ding vao mat tiéu cy cua mdy. Trong cac may
nhin bang mét thi & mat tiéu cy ngudi ta dat thi kinh. Véi cac may quang ph8 chup
anh ngudi ta dat kinh anh; con véi cac may quang dién ngudi ta ldp té€ bao quang dién
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nhung théong thuong thi hay diing nhén quang dién td cing cac cdu tric ghi phé can
thiét.

e

Hink 20.2. Sor d0 nguyen i cha miy quang phb:
- ngudn sing; 2- g quang, 3- khe 46 vit kinh chufin trye va v kinh budng dnh; 5- hé tin sde; 6, 7, 8, 9- hé
ghi hiing méit: 10- kinh dnh; [1- khe ra; 2- nhin quang dién 1 13, 14- bO shi,

Thec phudng phap ghi phé, trong phan tich quang phd ngudi ta chia ra: phuong
phap quang ph& nhin bang mat, phuong phap quang phd chup anh va phuong phap
quang dién. Va cdc may quang phd tuong dng duge goi la edc may quang phé nghiem
(stilescope hoac stilometre), cac may quang ph8 chup anh hay con goi la may quang phd
ki, cac may quang phé k& (spectrometre hay quantometre). Ngay nay cdc may quang
Ph8 nghiém va quang phé ki it duge sit dung hon céc loai may quang phd ké.

20.3.2. H¢ thi'ng chitu sdng

Hé théng chiéu sang bao gdm: ngudn phét ra dnh sing cling 1a ngudn kich thich
phét ra quang phd vach; 1 hoac 3 thdu kinh hoi tu lam nhiém vy chuyén chim anh sdng
phan ky thanh chim tia song song. Ngubdn kich thich phd cd chue nang chuyén chat
nghién cyu tif trang thai tap hop (rén, 16ng) thanh trang thai hoi va chuyén cic chét &
trang thai hoi thanh trang thai nguyén té bi kich thich. Trong da s§ cac trugng hgp
ngudn kich thich thudng thyc hién dong thoi ca hai chie niang. Co trudng hap ngudi ta
ché tac cac thiét bi thuc hién riéng tiing chde nang: mat dé thu duge pha hoi, mot d&
lam nhiém vu kich thich phét ra phd. D& kich thich phé ngudi ta c6 th& dung nhisu loai
ngudén khdc nhau: ngon den khi, ha quang dién va tia lda dién v.v..,

1. Ngon lua

Day 14 loai ngudn kich thich duge sa dung ngay tlt khi phdt minh phudng phap
quang phg tir giita thé ky 19. Ngudn ngon lia cho quang phé du sang va én dinh. Thiét
bi ding d& phdt ngon l¥a kha don gian, d& dizu khi€n va tin cay.

Tuy nhién nang lugng ctia ngudn khong cao nén chi kich thich duge cac nguyén t6
dé kich thich. Nhist da cua ngon dén khi phy thudce thanh phan khi chdy: v6i ngon den
khi thudng nhiét do khoang 900°C. Hén hgp hidro - khéng khi cho nhiét dd 21000C,
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Hén hgp khi hidro-oxi cho
nhiet do 2800°C. Con véi
hén hop axetilen - oxi thi T
nhiét 46 gan 3000°C. 5 @ p ;
Chat nghién cu duge e U
dua vao phan tich cd thé &
dang bot, nhung thudng 1
d dang dung dich. Dung '
dich phan tich duge dua f
vio ngon lia bang thiét bi
tao aerozon nhu & hinh

——2

20.3. Déy la nguﬁn klch Hinh 20.3.
thich c6 nang lugng khong 1 dung dich phin tich; 2. ngudn cung cap khi oxi; 3. dung mdi;
cac nén dudc dung dé 4. budng trdn khi; 5. nguin ¢dp khi chdy; 6. dén khi; 7. ngon iba.

phan tich cdc nguyén t6 dé
kich thich nhu Mg, Cu, Mn, Tb va nhigu kim loai kitm va ki¢m thé khac v.v...
Phuong phap phan tich quang phd dung ngon lta lam ngudn kich thich ngay nay
da phat trién thanh phuong phdp phan tich do quang ngon lta véi nhidu kiéu thiét bi
chuyén diing tién Igi cho phuong phap phan tich nay.
2. Nguon hé quang

Ngudn nay lgi dung sy phdng dién giita hai cuc ché tao tu méu phan tich hodc mot
cuc 12 chat phan tich cdn cuc kia duge ché tao tif chit lidu khong chia chédt phan tich.
Hb quang cd thé duge nuéi bing dong mét chidu hoac dong xoay chiéu.

a. Ho quang dong mdt chiéu

Trén hinh 20.4 14 so dd nguyén li
ciia mdy phit hd quang dong mot
chigu. Theo hinh 204 r6 rang mdy - d
phat hd quang dong mét chidu cd so J U
d6 kha don gian gbm khoang cdch
phan tich d, bién tré R. HO quang
duge nudi bang ngudn dién mot chidu o
dién ép 127 V nhung thudng la 220 V,
cong sudt 2+4 kVA.

Trong mach cd l4p cdc dong hd dé
kiém tra dién 4p va kiém tra dong. Do Hink 20.4. Npudn phéat hd quang dong mét chigu.
dién trd cao cta khéng khi giita
khodng cdch phan tich ma khi déng dién, dong dién s& khéng chay qua mach va ho
quang khong chay. D& cd thé dét chay hd quang, ta phai hoat hda khodng cdch phan
tich bang cach cham nhe tic thdi cdc cuc hode bang dong cao tAn nhu trong may phat
hd quang déng xoay chidu. Sau khi hd quang da chay thi sy chdy cia ho quang dugce
duy tri nht dong electron nhiét cta cae cyc. Khi phan tich kim loai, hop kim méu phan
tich duoc 14p vao cyc am - catot - ciia ngudn, cdn cyc kia (thuong goi 1a cuc thiang) ndi
viio cuc dudng - anot. Trai lai khi phan tich cac miu dit da, mau thudng duge nghien

®
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thanh dang bot min va dugc nap vio mét ranh nhé khoét sau vao eye than (cuc dudgi).
Cuc nay dudc néi vao andt clia ngudn vi anot thudng ¢é nhiét dé cao hon catot vai tram
do.

b. H6 quang dong xoay chidu

Hé quang dong xoay chigu khong ty duy tri duge sau khi cham cuc mot 1an nhu hd
quang dong mot chiéu, vi trong ddng xoay chiu cuc tinh ctia cuc (anot - catot) thay déi
100 lan trong 1 giay (vdi dong xoay chidu tan s6 50 Hz). Vi vay khi cuc tinh ctua cyc
thay d&i, dong hd quang tat, cyc da kip ngudi di va khong ¢6 dong electron nhiét chay
qua khodng cach phan tich, hd quang sé khéng chay lai duge. D& tai lap dong hd quang
¢ dau m6i nira chu ki cta dong xoay chidu cin phai cham mbdi lai bing mot dong cao
tan, hinh 20.5 trinh bay so 48 nguyén Ii cia mach tao dong cao tan trong may phat ho
quang dong xoay chidu,

Theo hinh 20.5 co ché tde dung ciia mach phat dong cao tan trong mdy phat hb
quang dong xoay chigu thuc hién nhu sau: dong dién trong cudn thd cdp cua bién dp
tang thé& (220/3000V, 25W) sé nap dién cho tu dién €y tu ndy lai phéng dién qua khoang
cach phu P. Dao dgng cao tan xuft hién trong mach cao tan sé truyén vaoc mach dong
xoay chiu qua cdc cuénm
cam L, vd L, (bign 4p cao
tan) va ion hda khoang
cdch phan tich d, cd tdc

dung chaAm mbi va én dinh o

hoa dong hd quang xoay o~ P L4, %

chidu. * ! 4
Ngudn hdé quang dong ’ T —

xo0ay chidu c¢d dd 8n dinh ! A G

kha tét, nang lugng khd e i

cao. Nhidt d6 cia hd } R TCf

quang doéng xoay chidu cg
thé tit 4500 + 7000°C tuy
thude cuing d6 dong. Vi
vy véi hd quang dong Hinh 20.5. Nguon phdt hd quang dong xeay chitu.
xoay chidu ngudi ta cd the
kich thich hau hé&t cic
nguyén td tri cAc chéat
khi. ’

Ngudn hd quang dong
xoay chiéu duge st dung
réng rai trong phan tich
hdé quang dinh tinh ciing

—z

B
nhu dinh lugng. =
3. Ngubn tia lie dién
Trén hinh 20.6 1a so Hink 20.6. Ngubn phat tia lira dién:

d6 mdy phat tia lta dién. 7- bign fp tang the; - 1y dién; R- bién trd; d- khodng cich phan tich,
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May gdm mot bién thé tang ap 220V/10.000 - 18.000V, bién trd R va cac tu dién cé dién
dung 0,001 <+ 0,020 xF, cac cudn cam va khoang cach phan tich d. Dong dién trong cudn
thi cép sé tich dién cho cac tu dién bat dau tit m&i nia chu ky khi dién ap bang khong,
dbng thai dién dp trén cde dién cyc clng tdng lén. Khi dién ap trén cac sudn cua tu
dién tang dén nuic da d€ danh tia tlita trén cdc dién cuc thi tu s& phdng dién. Khi danh
tia lita dién, nhiét doé cd thé dat 7000 - 11.000°C. Khi can, cd thé tang nhiét do dén
12.000°C ho#c cao hon. Day 1a ngudn kich thich c¢d nang lugng 16n nén cd thé kich thich
dugc tit cA cac nguyén t6. Ngudn tia lta dién lam viéc rdt dn dinh nén cho két qua
phan tich ¢ do lap lai cao va thutng ducc dung cho phén tich quang phd dinh lugng.
4. Nguon plasmatron

Trong thuc t& phan tich quang phd, ngay nay ngudi ta hay dung ngutén la ngon dén
plasma hay plasmatron (hinh 20.7). Day 14 loai budng dor dac biét cd hai dién cuc
graphit. Trong mét budng dang 6ng, giita anot 1 va catot 3 ngudi ta cho phat ngudn ho
quang vdi cudng d6 dong 20-30A. Ngudi ta cho thdi theo tiép tuyén véi budong mot dong
khi tro 2 vai ap sudt 150 - 200 kPa (Pa: pascal la
don vi do ap sudt. 1Pa = 7,5.10" mmHg).

Trén anot 1 ¢é mot 16 nhé dé khi tro thoat ra. f
Dong khi xody trong budng sé 1am lanh mat ngoai
cua plasma va cd tdc dung nén dong dién phdng
va tang mat d¢ dong. Plasma bi nén cling vdi dong
khi s& phut qua 16 thoat anot thanh mét luong dai
10+15 mm va sdng chdi & trén mat ngoai anot.
Nhiét d¢ trong plasma dat dén 5000 - 10.000°C
va cao hon. Dung dich phan tich s& duc. dua vao
plasma bang thiét bi phun dac biét. Khi phan tich
cac méAu chit rdn, ngudi ta cé thé dat mau tryc
ti€p lén catdt hoac cd thé dua vao plasma biang
thiét bi phun. Vi cé nhiét dé cao va d6 chdi sang Hinh 26.7. Plasmatron
rat ldn nén ngudn plasmatron kich thich cd higu ’
qua hau hét cac chit khd bay hoi, khd kich thich. Ngoai loai plasmatron vila mé t4,
ngudi ta con ding loai plasmatron duge nudi biang mdy phét cao tan.

20.3.3. Mdy quang phé

Nhu da trinh bay ¢ muc 20.3.1, may quang phé cd ba bé phan chinh 2 khe vao,
phan ti tan sdc, cdc vat kinh chudn tryc va budng anh trong dé bo phan quan trong
nhét ]a khe vao va phan td tén sic.

1. Khe vao

Chi tiét quan trong nhdt cta khe 13 hai canh. Hai canh cua khe duge ché tao bang
loai thép dac biét dudi dang ludi dao, cdc mép ludi dao phai la cdc doan thang dé Ikhi
md, hai mép sé cho hai doan thing tuyét déi song song. Hai canh khe mé ddng bang vit
micromet. D6 mé cua khe duge tinh chinh xde dé&n 0,001 mm. bo rong cha khe khi lam
viéc cd thé tu 0,005 dén 0,020 mm. Bg mat ludi dao cda khe phai duge bio quan hét
sic cAn than, tranh bui ham. Khi can lam sach bui phai dung cac que gb mém (got ti
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cac que diém). Khong nén dung cac vat bang kim loai, gidy, bong, sgi len d& danh sach
khe. Khi can lam sach khe, phai mé réng khe dén hét cad, dung que g& luét nhe trén
mat cac ludi dao, sau dd ki€m tra do sach bang cach ghi quang phé & d6 mé 0,005 mm.
Né&u khe sach thi cdc vach phd thu duoc phai 1a cac vach cd d6 rong déu dan trén sudt
chidu dai vach quang phd.

2, Phan tiz tan séc

Trong cdc may quang phé, ngudi ta diing lang kinh, cdch ti nhidu xa hoac két hap
ca lang kinh 1n cach t& nhidu xa 1am phan t& tan sdc. Phan to tan sic la chi tist quyét
dinh kha nang phan ly cac chum tia da sde thahh cdc tia don sic cua mot may quang
phd. Lang kinh ctia cac may quang phd thudng dude ché tao tir cic chit liéu: thay tinh,
thach anh, fluorin, muéi mé... Tuy thude mién phd ma mdy lam viéc, ngudi ta chon chat
liéu thich hgp d& ché tao lang kinh va cdc chi tist quang hoc khac. Chat liéu thach anh
thich hop cho edc may lam viée & mign tir ngoai gan dén héng ngoai gan; thay tinh cho
mién nhin thay; fluorin cho mign tir ngoai (k€ ci tit ngoai chan khéng) va mién héng
ngoai trung binh vv... '

Dai lugng dac trung cho kha nang tan sdc cva mot mdy quang phd la dd tan sic
cda may. Ngudi ta phan biét hai dai lugng: do tan séc goc D, va d6 tan sdc thang D,.

Theo dinh nghia D, do khodng cach gdc cia céc tia sang cd cdc bude sdng A sai khac
nhau mot iugng di khi qua may:

A 4

= ' {20.13)

D
YA -2, @

trong do: ¢, ¢, - gde cia cdc tia ra A, va 1, so véi tia vao; A, v A, la hai tia ed busc
song gan nhau.
V&1 cdc may cd phan i tdn sic la ling kinh, ngudi ta ching minh duge hé thiec:

dyp dn 2tgi
D =— =—
¥ W da n

{20.14)

trong d6:  n- chiét sudt cia ch4t liéu lam lang kinh;
i- gdc tdi caa tia vao;
dn- do bién thién chia chiét suit vai cdc tia Ay vad,,

D¢ tan sdc thdng D, 1a khodng cach thing cla hai tia Ay va A, tai tiéu dien:

l, - Iy
D= ——= _ {20.15)
’11 - ’12

Vay do tdn sdc gée va do tan sic thang dac trung cho kich thugce gée va kich thuae
thdng ciia phan quang phd giita hai tia ¢d bude séng 1, va A,.
Gifta d¢ tan sic thing va tan séc gdc ¢ m6i lién h¢ duge bi€u dién bing hé thie
sau:
| D =D,F. (20.16)
trong dd: F la tiéu cu cda vat kinh budng anh.
Théng thudng ngudi ta hay ding do tdn sde nguge 1A gid tri nghich dao /D, dac
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trung cho do tan sdc thing cua méy quang phd. D6 tan séc nguoe thudng duge ky hidu
bang chit D va D = 1/D|. D6 tan sdc ngudc D clla mot may quang phd duge dac trung
bing s6 amstrong trai ra trén lmm chigu dai cta quang ph6 (hodc bang s8 nanomet
trén 1mm).

Ngay nay ngudi ta sit dyng rong rai cac mdy quang phd ding cde cich ti nhidu xa
phéng hodc cong lam phan tu tan sdc. Viéc phan li anh sing thanh quang phd & day
dya vao hién tugng nhiu xa khi 4nh sdng truyén qua hoac phan xa trén mét hé théng
khe hep. Cac cach ti nhiéu xa phing truyén qua la cdc ban thach anh hoic thay tinh,
mat sau cé phtt mot 16p nhom mong. Trén bé mat nhom duge vach cdc vach song song.
$6 vach cd thé tit hang tram d&n hang nghin vach trén 1 mm. Thong thudng ngudi ta
ché& tao cdc cdch td nhiéu xa cd dén 300, 600, 1200, 1800... vach trén 1 mm. Cdch tu
nhidu xa phan xa duge ché tao bang cach cAt cdc vach song song trén cdc mit phing
hoac mat cong kim loai. P9 tén sic cia may sé cang 16n néu s6 vach duge vach trén
1 mm cang ldn.

Nguyén i lam sviéc clia cac cdch ¢t nhiéu xa
truyén qua hodc phan xa giéng nhau. O day viée
phan li anh sang thanh quang ph8 dya vao hién
tugng nhiéu xa 4nh sing qua hé thong khe k&t hgp
hién tugng giao thoa anh sang. Theo li thuyét
séng, tdt ca cac khe ctia cach tif nhidu xa la ngudn
biic xa cdc sdng thi cdp. Chum anh sing sau khi
qua khe sé lan truyén d6i xing ve ca hai phia so
v6i phdp tuy&n cia khe va l4p day toan bd khong
gian cia khe. M6i chiim tia cd budc séng A sé léch
khoi phudng truyén ban diu mét gée ¢ nao do.
Gée lech ¢ phu thudc hing s6 mang d - la khoang cach giita hai vach trén mang - va
budc séng A ciia bic xa truyén qua khe.

Theo nguyén li cia hién tdong giao thoa séng, cac cyc dai dnh sing chi xuat hién
tai nhitng phuong ma hiéu quang trinh cta haj tia gan nhau bang s nguyén lan bude
séng (A = ma), hiéu s6 pha p cia cdc tia bang khong (hinh 20.8). Tu hinh 20.8 ta thiy
doan AB la hiéu quang trinh cia céc tia xudt phat tif cac khe canh nhau. Ta co:

AB = A = md.
Trong tam gidc vuéng ABC thi AB = dsing, trong dd d 1a khoang cach giita hai vach
{hang s6 mang); ¢ - géc léch gita tia nhidu xa va phap tuyén ctia mang (géc nhiéu xa);
m - bac cta quang ph8. Tu dd ta cd didu kién cd cdc dai nhidu xa:

A = mi = dsing (20.17)

Hink 20.8. Cich tir nhiéu xy.

Tit (20.17) ta thdy gdc nhidu xa ¢ phu thudc bude séng A, dd clng 12 nguyeén li cho
viéc diing eéc cach t¥ nhidu xa lam phan ti tan séc trong cdc mdy quang phd.

Ngudi ta ciing ching minh duge ring v&i may quang ph6 dung lang kinh lam phan
ti tan séc, d6 tan sdc gidm khi budc séng A tang. Véi cdc may ding cach tit nhiéu xa
dé tan sAc cia may hau nhu khéng thay déi theo 4.

Chit luong caa mdt may quang phd cdn duge dénh gid bang mot dai lugng khac la
nang sudt phan gidi R cva mdy. Nang suét phan gidi R do kha nang cd thé phan biét
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dude hai vach phd 6 bude séng gan nhau nh4t duge ghi trén may do.
Theo dinh nghia, gid st tacd A va 2 + Al 14 hai bude sdng canh nhau cén phan biét
duge khi ghi phd ta cd nang sudt phan giai R cla may quang phé duge xdc dinh bang:
A
R =—o0 (20.18)

Al

Theo (20.18) r5 rang ia khi A1 cang bé thi R cang 16n nghia la khi R cang lén thi
hai vach ¢d bude sdng cang gin nhau. )

Nang sudt phan gidi cia mdy phu thude d6 tan sic cing nhu chadt lugng cta cdc chi
tiét quang hoc cia mdy. Vi c4&c may quang phé dung lang kinh lam phan t@ tdn sdc
thi R thay ddi theo 4. Thi du véi may ma phan tu tdn séc la mét lang kinh, thudng cd
£ =~ 5000 ¢ mién budc séng dai va khodng 60.000 & mign bude séng ngan. Vi cdc may
quang phd dung cdch tu nhidu xa, R it thay ddi theo A.

200.3.4. Thict bi ghi phd

Viéc ghi nhan quang phd cd thé thuc hién bing mat hoac céc phuong tién khac nhu
kinh anh hoae cdc thiét bi quang dién. Viée ghi nhan phd bing mat thuang duge thye
hién bang cdc thiét b quan sit kha don gian, bang cdc thi kinh hosc cde thi kinh co lap
thém quang k& d€ ddnh gid, so sanh sy bing nhau hoac khong bang nhau vé d6 sang
cia hai vach quang phd. Day la cach ghi phd ding cho mién phé (it 4000 - 65004,
Phuoang phap ghi nhan phd bing mat tuy don gian, thiét bj ré titn nhung cé nhuge digm
la mién phd bi han ch&, ngudi phan tich rdt dé bi moéi mét do phai quan sat phd bang
mat thudng qua lau.

Ngéay nay trong phan tich quang phd, ngudi ta hay ding cach ghi phd bang kinh
anh hoac bang cdc thiét bi quang dién. Khi phan tich quang phd dinh tinh ngudi ta hay
dung cach ghi bang phim, kinh anh. Khi phan tich quang phé dinh lugng, ngusi ta dung
phuong phap quang dién. Trong nhitng nam gan day vdi sy phat trién cia k¥ thuat may
tinh c4 nhan, phuong phdp ghi phé quang dién da dan dan thay thé phuong phap ghi
bang phim, kinh anh.

1. Kinh énh

Day la phuong phap ghi ph8 dua vaoe tdc dung cta dnh sang lén 16p cam quang trang
déu lén mat kinh. Ldp cdm quang thudng a 18p gielatin ¢6 chda mudi bac halogenua.
Khi chiéu sdng 1&én 16p cadm quang, dudi tac dung cua cde lugng td 4nh sdang sé tao thanh
hinh 4n do tdc dung phan dng quang hda, thi du:

AgBr + hv = Ag + Br

Tai ché kinh dnh bi chidu sang sé cd tinh thé kim loai bac, tao thanh hinh anh &n
cia vach quang phd. Ché€ héa kinh anh bing dung dich hién hinh, dung dich nay sé hoan
thién qud trinh khit bac va ¢ phin ¢6 4nh sdng chidu vao (bi 19 sdng) sé hién hinh anh
nhin thdy ¢6 mau den. Hinh anh thu dugc sé duge dinh hinh bing dung dich Na,S$,0,
(thudc dinh hinh); halogenua bac sé bi hda tan theo phan ung; thi du:

AgBr + 28,07 = Ag(8,0,)3 + Br -
Sau khi dinb hinh trén kinh dnh cdn lai vach quang phé mau den.
Néu goi 7 va I ]a cuting d¢ 4nh sdng sau khi xuyén qua phan bi 16 dnh sdng va
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khang bi 16 sdng (qua vach quang ph8 mau den va nén khong bi den) thi d6 den (hay
mat d6 den) S cha vach quang phd sé la:

D& den ctia vach quang phd phu thudc dé 16 sdng hay lugng dnh sdng chiéu H, H
gan bang:

H=Et
trong dd: E- d6 chifu sing (hay do6 roi);
t- thai gian 18 sang.
D& thi bi€u dién mdi lién quan gita do den vdi lugng anh sdang chifu duge goi la
dudmg dac trung ctia kinh anh va bi€u dién trén hinh 20.9.
Trén hinh 20.9 phan AB duodc goi 1a phén chua dd sdng, phan CD 1A mién qua sang,
con phan BC 1a mién c¢d dé den chudn, tai
phin nay cd su phu thudc tuyén tinh gilta
d6 den vai logH. S
Tt hinh ta co:
CE

= = (20.19)
EF logH - logH,

y = tga

v thuting duge goi 14 hé s tuong phan
cua kinh anh. Trong phuong phip quang
phd chup Anh, ngudi ta chon loai kinh anh
¢6 hé s6 tuong phan ldn, boi vi khi ¥ cang
16n thi dd den S sé cang 10n véi cing mot Hinh 20.9. Buwirng dile trirng cia kinh dnh.
ldugng chiéu sang.

Phan kéo dai cua duding dac trung cat truc hoanh tai di€m logH, duge goi 1a quan
tinh cua kinh anh.

T phuong trinh (20.19) ta cd:

log H

S=vylogH - yvlog 1 (20.20

Va&i mét loai kinh anh thi y va log H, khong d48i, nén:
S=ylog H—j 120.21)
véi j =y logH,. (20.22)

Day 1a phuong trinh co ban cho phép bi€u dién sy phu thude cta dé den cia vach
quang ph8 vao cudng do vach quang phd va duge st dung trong phuong phap quang
phd dinh lugng chup anh.

2. T¢ bao quang dién

T& bac quang dién 1a mot cdu tric cho phép chuyén d6i nang lugng dnh sdng thanh
nang lugng dién. Tac dung cia t€ bao quang dién dua vao hiéu dng quang dién tu. Nguoi
ta phan biét hidu dng quang dién t¥ ngoai va hidu dng quang dién tu trong. V6i hiéu
Ung quang dién tit ngoai, nang lugng anh sang lam dién t bi bt ra khoi bé mat chicu
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sdng. Hiéu dng quang dién t¥ trong dac trung
bing sy tang d6 din dién cha vat chit dusi tde
dung chiéu sang. Cac t€ bao quang dién véi hisu
ing quang dién t¥ ngoai cd cdu tric nhu & hinh
20.10. Té bao quang dién la mét bdng thay tinh 3
bén trong cd catot I va anot 2. N6u bén trong thiy
tinh la chan khéong thi ngudti ta goi dé 1a t& bao
quang dién chan khéng. Khi anh sang tdac dung
lén catot (thudng ché& tac bang oxi - xezi hoac
antimon-xezi) thi tit catot sé ban ra cac dién tu,
cdc dién ti sé rdi vao anot va khi dong mach, sé

cd dong dién chay qua galvanomet. T€ bao quang Hinlr 20.18. T€ bio quang dién
dién voi hiéu dng quang dién td ngoai nhay trong higu fing ngodi.
mi&n phd kha rong va cd dic trung tuyén tinh véi
d¢ sang va thuc t& khong cd quan tinh. D6 nhay cia loai t& bao quang dién nay khong
cao nhung do ed ndi trd 1on nén cd th& ldp vao so dé khuéch dai. Nhuge di€m quan
trong cda loai t& bao quang dién nay la cd dong tdi va cd céu tric dé bi va.
Mot loai may ghi nhan anh siang nhay hon la
cac nhan quang dién td ¢hinh 20.11}. Cdc nhan .
quang dién tir hoat ddng theo hig¢u dng quang dién Ty &Y

P |
Lt ngodi va hiéu dng phat quang dién t¥ thd cdp. s ==
Céc dién cue duge b6 tri d€ don dong dién ti so | .2
cdp roi trén cuc phdat (emito) dau tién, sé gay su 2
phat xa dién td thi cdp tit emito thi hai, cac dién ~L
ti nay lai hudng vé cac emito ti€p sau v.v... Sy | -2
khuéch dai tuan theo Iuat cdp s6 nhan: 3]
I'=10" _ (20.23) \ ;
trong do: [I- cudng d6 dong ra cua mady;
I .- cuong d6 dong ban dau;
o- hé so phat dién t¥ thd cip; Hinh 20.11. Nhim quuang dién td:
P t‘ing khuéch dai I- catot; 2- ban cue phat 3- anol.

Nhan quang dién t cho hé s6 khuéch dai 105 + 10° lan, Trong phén tich quang
phé ngudi ta do dong quang dién khi dat cdc t& bao quang dién hodc nhan quang dién
t tai khe ra cta may quang phd va suy ra cuding dé vach quang phé.

20.4. Phuong phap quang phd dinh tinh

Cd sd cia phuong phap phan tich quang phé dinh tinh 12 médi nguyén t6 héa hoc ¢
hé théng nang lugng nguyén ti riéng nén mdi nguyén t& hoa hoc ¢d he théng vach quang
phd dac trung cho nguyén t6 dé vé do dai song va cudng do vach phd. Tuy nhién s6 vach
quang phd cta mot nguyén t§ thudng rat 1dn, thi du quang phé cia nguyén té tori o
hen 2500 vach, clia uran hen 5000 vach . Di nhién ngusi ta khéng can phai do dé dai
sdng cua tdt ca cdc vach quang phd trong méu nghién ciu. Trong phan tich quang phé
dinh tinh, ngudi ta chi can khang dinh sy ¢6 mat hay vang mat cta cic vach phé ma
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ngudi ta goi 12 vack phdn tich hay vach cuéi cing.

Khi gidm ham ldgng mot nguyén td trong mau nghién cdu, cudng do cdc vach quang
phd cia nguyén t6 dd gidm di. C6 mot s8 vach phd sé dan bién mat, do do s6 vach quang
phd eclla nguyén t8 dang xét sé gidm dan. Dén mot ndong d6 khd bé nao d6 clia nguyén
t6 trong quang phd mAu nghién cdu chi cdn lai vai vach. DG 1a cdc vach cudi cung cha
nguyén td, la d6i tugng ta cAn tim khi ti&€n hanh phian tich quang phé dinh tinh. Cac
vach cudi cling cda tiing nguyén t6 hda hoc da duge nghién citu kha kj luting ve do dai
sdng, cac dic trung cudng dd cla ching va duge ghi trong cdac bang, cdc atlas vach
quang phé. Cac vach cudi cung thuiing la vach phé cd th& kich thich bé nhdt goi 1a vach
cong hudng, nhung khéng phai ludn 14 vach cong hudng. Trong cdc bang vach quang
phé, cdc vach cuéi cing thudng duge danh ddu bang chtt U, U,.., V,, V,... chit U chi
rang khi kich thich quang phd bang ngudn ho quang, vach nay bién mat cusi cing, con
vach cd ky hiéu U, bi mit trude do. Chit V|, V, bi mat khi kich thich bing ngubn tia
lita dién. Tuy nhién thid ty trén diay khong phai l1a tuyét doi. Tuy thuoe didu kién kich
thich va thanh phiin miu ma cd thé cd thay ddi chut it. D& ¢d thé tim duge vach quang
phd can phan tich ngudi ta phai thuc hién theo mét s6 qui tdc ma trong phén tich quang
phd ngudi ta dung thuat ngit giai phé hay doc quang phd dé& chi cong viée nay. D& lam
codng viéc nay, trudc hét phai xac dinh chinh xdc budc sdng vach quang phd dya vao
quang phd so sdnh la quang phd ma ngudi ta da biét tudng tén timg budc sdng cua
nguyén to d6. Thudng ngudi ta hay ding quang phé nguyén té Fe lam quang phé so
sanh vi ching ¢6 cdc nhdm vach dac trung rdt dé nhéan trong cdc mién phd khic nhau.

P& dé thyc hién viée xdc dinh buéc séng clia ede nguyén td trong mdiu, trong thue
té ngudi ta hay ghi phd nghién ciu bén canh quang phé sit (thudng ghi trén kinh anh).
D& do bude séng A, clia nguyén t0 nao dé trong mAu nghién citu, ta chon hai vach phd
ctia quang phé Fe cd bude séng 4, va 1, da biét sao cho A, & gita 4, va 4, (hinh 20.12).
Ta do cdc khodng cdch d,; cta hai vach 4| va 1,, khodng cich ¢ cla cdc vach A, va 1.
Ta cd thé tinh A, theo cong thic ndi suy tuyén tinh sau day:

Ay — 4 .
+ d— X dx (2024}
12

X |

Viéc do cac khoang cach gitta cac vach phd co thé duge thyue hién trén cdac kinh hién
vi do d¢ dai sdng, trén cdc may chidu phd hodc mdy so sdnh.

Sau khi da xdc dinh duge 1., ngudi ta phai tra bang cdc vach quang phd (xem s3
tay) d€ xét xem vach phd dd ed phai thude vach
cufi cling cla nguyén té nao dé khéng. Su khong

¢6 vach cudi cing cia mdt nguyén td nao dd trong _ A

méau nghién cdu bdo dam sé khdéng cd cac vach _ H | dy | 1 ‘
khac ciia nguyén t6 d6. Viée 6 mat caa vach pho

cd budc sdng dac trung cho vach cudi ciing cta ” l 9 l ’
mét nguyén td nac dd khong ed nghia vach dd A, Az

chic chin thude veé chinh nguyén t6 ma can phai
tién hanh xem xét hét siic cdn than méi di dén
két luan. Digw nay ¢d lién quan dén su khong

Hinh 20.12. Do a0 dii song 4
hoan thién cia loai may mdc dang dung. Béi vi )

e vaeh quung phi.
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theo bang cdc vach quang phd cudi cung cia mot s6 nguyén t6 do vdi do chinh xac dén
0,50A vin co thé bi lAn v8i cdc nguyén t5 khdc. Trong trudng hgp nay phai can nhie
dén céc dac trung cudng do cha vach phd ciing nhu digu kién kich thich d& rit ra cac
két ludan can thiét.

Vé&i phuong phap phan tich quang phé dinh tinh ta cd thé xac dinh hon 80 nguyén
t6. Gidi han phat hién cia phuong phap tir 102 (Hg, V, U...) dén 10-3% (Na, B, Bi..) tuy
thude nguyén t6. Can nhén manh ring sy khong ¢d vach cuéi ciing ctia nguyén td nao
do chi cd nghia la ndng d6 cia nguyén té dé nhd hon gidi han phat hién chd khong cd
nghia tuyét déi la khéng cd nguyén té do trong miu nghidn ciu,

20.5. Phuong phap quang phé phédt xa dinh lugng
20.5.1. Diic diém chung cida phirong phdp

Nhu da trinh bay trén muc 20.2.4, sy phu thude giita cudng do  cia vach quang
phd véi ndng dd C cia nguyén td nghién ciu duge mo ta bang phuong trinh I = aCP
Trong phuong trink cd chita cde tham s6 a, &, phu thudc kha nhizgu y&u td trong dé ¢
dieu kién kich thich phd, qua trinh chuyén chat nghién cdu tit cic trang thai tap hop
khdc nhau sang trang thai hoi dé dua vao plasma, digu kién ghi phé... 1a nhitng yéu t&
rit khd kiém soait.

Vi cédc lf do vita néu, viéc phan tich dya vao viée do cudng do tuyét ddi I ctia vach
phé khéng du chinh xdc. D€ han ché anh hudng cta cac digu kién khong ki€m sodt dugc
nhu vita néu trén, trong thue t& nguti ta khong do cuding ¢6 cha mot vach phd rieng
biét ma xdc dinh ti 1& cudng do6 cia hai vach quang phd thudc cdc nguyén té khac nhau;
mot vach ia clia nguyén t6 nghién ctu, mot vach 1a clia maot nguyén td khae co trong
mdu. Nguvi ta thudng goi dd 1a cap vach phan tich. Cudng 4o vach nghién ciu la I o
cuding 46 vach so sanh la I, Viéc chon cap vach phan tich nao l1a mét trong nhing vin
dé can xem xét khi phan tich quang phd dinh lugng. Déi khi nguvi ta ciing ding bien
phdp déc biét la dua vido mau nghién cdu chdt ndi chudn 1a mot nguyén té cé vach phd
ta chon lam vach so sanh. Khi phan tich cadc tap chdt trong mét mau phan tich chua
nguyén t6 ¢6 ham lugng ldn, ngudi ta thudng chon vach so sanh la ctia nguyén té <6
ham lugng 1dn goi 12 nguyén té nén hay chit nén.

Ung dung phuong trinh Lomakin (20.11) cho cudng do I .val  cua vach phs nghién
cdu va vach so sdnh ta cd:

Inc =a’ Ctn‘c; Is:s = ancsl::;
Va ti sa:
I. a'
=—-—-:-- = {1 C}':C (2(125)
I, a”Ch -

5 85 :

Tt phuong trinh (20.25) ta thdy ti s6 cudng do cac vach nghién cdu va vach so sdnh
phu thudc ndng d6 C,_ trong méu nghién cdu.

Ngudi ta cing ching minh duge rang d€ cho ti s6 cudng d¢ cdc vach phd it phu
thube nhiét 46 ngudn kich thich, nén chon céc vach phé ¢ nang lugng kich thich khong
khac nhau xa qud vad AE cta chung phai khong qua 1 eV. Ngudi ta ciing chon cée cap
vach phan tich ¢d cudng dd khéng khac nhau qua 10 lan, nghia la:
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Py

nc
= 10

-
<7 =
Hai vach phan tich va vach so sanh cing phai c¢d budc song di gén nhau va cich
nhau khéng qud 10 nm.
Tom lai yéu cau clta cap vach so sanh phai théa man cac didu kién sau day:
AE = 1 eV

lj*nc - As

0,1

JJ = 10nm

-

ne
0,1 = = 10

- I-\S

Cac cap vach quang phd théa méin cdc diéu kién vita trinh bay thudng duge goi la
c@p vach dong dang.

Viéc udc lugng cudng do cic vach phd trong phan tich dinh lugng cé thé€ tién hanh
bang mat, bang cdch chup 4nh hoac bing phuong phiap quang dién.

Khi phan loai theo d9 chinh xdc cta cdc két qua phan tich thu duge ngusi ta phan
biét phuong phap quang phd ban dinh lugng va dinh Juong.

20.5.2. Phiin tich quang phd bdn dinh luong

Trong phan tich quang phd ban dinh lugng sai s6 thudng ia 10% hay 16n hon. Tuy
¢d do chinh xac khong cac, nhung do tinh don gidn va cd thé phan tich nhanh nén
phuong phédp duge dng dung kha rong rai, dac biét trong phan tich kim loai va hgp kim.
Trong phan tich bén dinh lugng, viec danh gid cusng do céc vach quang phd duge thuc
hién bang méat khi quan sédt trvc tiép phd qua thi kinh hay trén kinh anh.

Cach phan tich phé bién nhat trong phan tich quang phd ban dinh lugng 1a phuong
phap cap vach dong ding. D& phan tich, trdde hét ngudi ta phai chon cap vach phéan
tich (vach nghién citu va vach so sanh) va can phai tim v&i néng d6 nao cia nguyén td
phan tich, cac cip vach cd cudng do bang nhau. Thi du khi tién hanh phan tich tap chét
Pb trong Sn kim loai, cudng dé céa vach thide A, = 276,11 so véi cudng do cdc vach
Pb 4, = 280,20 (1), 4, = 282,32 (2} va 4,,, = 287,32 (3) (4 tinh bang nanomet). Ngudi
ta tim thdy néu C,, = 0,1% thi Ay, = Ii, (1). N&u C},, = 0,6% thi I, = I, (3) vaA
néu Cp, = 1,6% thi Iy, = Iy, (2). |

Trong truding hdp cin phan tich Pb trong cac mau kim loai, hgp kim khde ngudi ta
ciing dya vao bang vach quang phd d€ tim cac cap vach dong dang, tim xem véi tuong
quan ndéng do nao gitta vach nguyén t6 phan tich va nguyén t6 nén thi ching ¢d cudng
dd bang nhau v,v... thi tuc phan tich duge ti€n hanh nhu vdi cap Sn/Pb via trinh bay
trén day.

Qua4 trinh phan tich nhu vita trinh bay cd thé thuc hién bang cic may quang phd
nhin bing mat dé xac dinh mét s6 nguyén td trong thép (Ni, Cr, W, Mn v.v...). v4i vde
can b phan tich c¢é kinh nghiém nhé cdc mdy quang phd nhin bang mat (stiloscope,
stilometre) ngudi ta ¢d thé phan tich 6,7 nguyén t6 trong vai phut véi gidi han tir 0,01
+ 0,10% sai s6 > 10%. '

Phuong phap phan tich quang phd ban dinh lugng c¢d thé thuc hién biang cach nghién
ctu, khao sat cde quang phé da ghi trén kinh anh. O day phép phan tich cd thé duge



CO SO HOA HOC PHAN TICH 31y

thuc hién bang hai cach: phuong phdp so sinh va phuong phap hién vach.

Trong phuong phap so sanh, nguti ta ghi phd cda vai mdu chudin diu (etalon) va
mau phan tich trén cing mét kinh anh. Sau dg so sanh vach phé nghién cidu trong cic
madu chudn va mau phan tich.' Qua so sanh, ngudi ta ¢ the tim duge giéi han nong db
nguyén t6 nghién cdu trong miu phan tich,

Trong phuong phap hién vach, ngudi ta dya vao sy xuat hién hoac bi€n mat cac
vach ed d6 nhay cao cia nguyén ts trong mau nghién ciu dé danh gid ndong do trong
mau phan tich. Thi dy nguyén t& Pb c¢d mét s vach quang phd nhay (tinh bang nm)
dng véi mot sé nong do khic nhau caa Pb: 283,30 (0,001%); 280,20 10,0034%); 266,31
(0,01%); 247,63 (=< 0,1%); 239,37 (0,1%); 233,24 (> 1%).

Khi trong phd nghién ciiu 6 vach 283,30 nm ta cd th& phar doan trong mau nghién
cuu co thé cd Pb vai Cpp = 0,001%. Khi ¢d ca haj vach 280, 30 va 283,30 ta cd thé cg
Pb vai Cp,\ = 0,008% v.v...

201.5.3. Plurong phip quang phd dink twong bing kinh dnh
Khi nghién ciu tinh nang coa kinh ahh, ngudi ta da tim thiy su phu thuéc caa do
den S véi do chidu sang E theo phuong trinh (20.21). Trong trudng hgp phan tich quang
phé thi E chinh la cudng dé 7 can vach quang phd va £ = I. Thay I vao (20.21) ta c5:
S = vlog £+ ylog t— ¢ (20.26)

VGi ch& do sing xdc dinh khi phan tich quang phd va trén cung mot kinh anh thi
hai hang $8 cuéi cia (20.26) la khoing dai nén

S = ylog I+ const (20.27)
Ung dung (20.27) cho 46 den cia cap vach phan tich va vach so sinh ta o

S.e = vlog I+ const

S = vlog I_+ const.
Tu dg I, .

Sy = S, = AS = ylog T; (20.251

Mat khac néu lay logarit cia phudng trinh (20.26) ta cg:
1

log }E = log a + b logC

L%

ne 120.29;

Két hop hai phuong trinh (20.28) va (20.29) a5
ta cd:

AS = ylog e+ yb logC (20.30)

ne A-S; Fe e - —
Day 1a phvong trinh eg ban cua phuong phap

phan tich quang phd dinh lugng chup anh.

TU phuong trinh (20.30) ngudi ta di dén cic
cdch phan tich khdc nhau trong phuong phap
quang phd chup anh. Ph8 bign nhat trong cac cach
ta phuang phdp ba man chudn (ba etalon).

(Cach tién hanh nhv sau: Ngu#i ta ghi phé cua

log C, {ogC

flink 20.13. D9 thi cholin theo

phwong phip ba mio chubin,
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mAu phan tich va ba mau chudn trén cung mot kinh anh véi ché do ngudn kich thich
nhu nhau. Khi phan tich hang loat (thép, hgp kim...) cdc mdu chudin phai la cdc b& mau
duge mot co quan c¢d thdm quy?n san xudt va phat hanh. Sau khi ché& hda kinh anh, ta
do dé den cua cdc cap vach phan tich. Xay dyng db thi chudn theo nong dg mau chudn
(phuong trinh 20.30). D€ tang d6 chinh xdc cda két qua phan tich, mau nghién cdu cing
nhu mau chuén déu dugc ghi phd ba lan trén cung kinh anh. Do cdac gid tri AS va liy
trung binh dé x4y dung do thi.
20.5.4. Phuong phdp quung dién

Phuong phap quang phé chup 4nh ¢6 nhude diém quan trong la doi héi thoi gian
phan tich dai. D& co k&t qua phan tich bat budc phai qua cac glai doan: ghi phé lén kinh
anh, ché hda kinh anh (hién hinh, dinh hinh), do 46 den v.v... Dung phuong phap quang
dién ta ¢6 thé han ché& ho#c loai bd dudge mot sé nhuge diém cia phuong phdp chup anh.

Bang cach dat cac t&€ bao quang dién hoac nhén quang dién tr tai cac khe ra cia
mdy quang phé cung mo6t s6 thiét bi (may chi thi, may ghi khdc); ngudi ta cd thé tryc
tigp do duge cudng do vach quang phé trong thoi gian kich thich phd. V&i phuong phap
ghi quang dién, thdi gian phén tich tén it hon, sai s6 phan tich nhé hdn so véi phudng
phap chup anh. Véi phudng phap quang dién, ngudi ta di loai bé duge qui trinh ghi phd
va ch& héa kinh anh, loai bd duge cdc yéu td gay sai s6 do kinh anh.

4321

Hink 20.14. 1- Ngubn sing; 2-5- h¢ chiu sdng 6- khe vao; 7; 10; 13- he thing chifu biing guong phiing;
8- mang cich tr; 9- khe ey 11 guong cong; 12- nhin quang didn wr; M- nhin quang dién 1 cho quang pho
biic khing, 15- e song.

Ngay nay ngudi ta da thist k& va san xudt hang loat cdc loai may quang phd quang
dién. Trong cac loai may quang phd quang dién, cde phin tlf tan sac thudng la cace cich
tit nhidu xa. C6 hai loai may quang phé quang dién: loai lam viéc theo ki€u quét vi loai
¢6 nhidu kénh. Trong loai quang phd kiéu quét chi ¢ mot khe ra. Tai khe ra duy nhit
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nay ngudi ta cd dat t& bao quang dién hay nhan quang dién tif cliing véi hé khuéch dai
va thiét bi ghi. D€ do cudng do vach quang phé (cta cdc nguyén t& khéic nhau) ngudi
ta phai quay hé tan sAc d€ chon cho khe ra cdc vach quang phé ¢6 bude séng A xdc dinh.
Thao tdc nay lam giam tSc do ti&n hanh phan tich. D€ xdc dinh ddng thoi ham lugng
nhigu nguyén t6 trong mét miu ngudi ta da thiét k& va san xudt cac may c¢d nhidu khe
ra goi la cac lugng t k& Trong loai mdy nay, ngudi ta d&€ riéng mét khe ra dé ghi cudng
d¢ vach so sanh, con nhitu khe khdc cho cac vach phd cta cde nguyén t8 can phan tich.

Trong cac may thugc loai ndy ngudi ta thudng ding cdc cdch t& cd 1800 vach/mm
hay 1200 vach/mm va loai c4ch t& mat cong cd ban kinh do cong B = 2 m. May ¢ mot
khe vac va nhigu khe ra. Khe ra duge bd tri trén mot vong tron duge goi 1a vong tron
Rowland (ch€ tao theo y tudng clia nha thist k&€ Rowland). Giia khe vao cdc cdich tu
ngudi ta dit guong phang d€ d6i chidu anh sang. Mang cach tir s& phan li anh sang
thanh quang phé va hoi tu cdc vach phd tai khe ra & vi tri xde dinh trén cung AB. Tai
khe ra ngudi ta dat nhan quang dién t¥ cing nhu he théng khuéch dai va cac mdy ghi.
V&i cac loai may niy, ngudi ta cd thé phan tich hang chuc nguyén td trong mot lan
phan tich (hinh 20.14).

20.5.5. Phuong phip hia quang phd

D& mé rong kha nang Wng dung phuong phép phan tich quang ph8, ngudi ta thudng
két hgp ch& hda méu bing cde phuong phédp hda hoc truée khi tién hanh phén tich quang
phd. D6 la phuang phap phan tich hda quang phd. Véi bién phap ché héa hda hoe, véi
cac cdch lam gidu hda hoe, d¢ nhay cla phuong phap phan tich quang phd cd thé tang
lén vai bac hoac hen. Phudng phdp ché& bién héa hoc ¢d thé lam cho viéc phan tich duge
tién hanh don gian, tién Igi hon, dac biét 1a khau miu chusn vi & diy cd thé digu chinh
gidi han ndng d6 mau chuén. Nhd cd phuong phap héa quang phd, ngudi ta ¢é thé xdc
dinh néng db cac tap chit trong cdc chit ¢d do tinh khidt cao khi ham lugng cac tap
chat khoang 107 + 10-7%. Cac bién phéap lam giau cd thé la: két tua, két tua voi chat
g0p, chidt, sde ki v.v...

20.6. Ung dung clia phuang phap quang phd phit xa

Phuong phdp phan tich quang phé duge ing dung nhidu cho cac hoat dong khoa
hoc, ki thuat, trong cdc nganh kinh t&, dac biét trong san xudt luyén kim d& phan tich
nguyén liéu, ban thanh phdm va thanh phd&m. Phuong phéap quang phd nhin bing mit
duge sut dung réng rdi d€ phéan tich cdc ban thanh phdm, dé phan loai san pham trong
cdc nha mdy luyén kim.

Phan tich quang phd ciing phat huy tdc dung trong phan tich cac loai ddt d4 trong
dia chét, trong nganh ky thuat khai khodng, phan tich nudc ngudn, nude edng nghiép,
phan tich cac d8i tugng méi trudng, y sinh hoc. Phan tich quang phd cing duge dng
dung ¢d hiéu qua trong phan tich edc chdt tinh khiét, phan tich thudc va dac biét trong
phan tich nghién ciu vii tru thi phueng phap phan tich quang phd Ja mot phudng phap
khong thé thay thé duge.
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21.1. Dac diém cia phuong phdp

Phuong phdp phé hdp thu nguyén ¢ dva vio khd nang hdp thu chon loc cdc bue
xa cdng hudng cla nguyén tu d trang thdi tu do. D8i voi msi nguyén t6 vach cong hudng
thudng 1a vach quang ph8 nhay nhédt cua phd phdt xa nguyén tit cia chinh nguyén tu
dd. Thong thudng thi khi hdp thu bic xa cong hudng, nguyén tit sé chuyén tii trang
thai dng vdi mic nang lugng co ban sang muc nang lugng cao han ¢ gan mic nang
lugng co ban nhdt, ngudi ta thuong goi dd 14 bude chuyén cong hudng.

Trong phudng phdp nay, cdc nguyén td tu do dudc tao ra do tdc dung cta ngudn
nhiét bién cdc chét tif trang thai tap hgp bat ki thanh trang thai nguyén t&, dd 1a qua
trinh nguyén td hoa.

Qua trinh nguyén ti hoa cd thé thue hién bang phuong phap ngon lda: bang cdch
phun dung dich phan tich ¢ trang thai aerozon vao ngon dén khi; hoac bang phuong
phdp khéng ngon lda: nho tac dung nhiét cua 16 graphit. Trong ngon lda hoac trong 1o
graphit chat nghién citu bj nhiét phan va tao thanh cdc nguyén ti tu do. Trong disu
kién nhiét dé khéng qud cao (1500 - 3000°C) da s8 cac nguyén tit dude tao thanh sé &
trang thai ca ban. Bay git néu ta hudng vao ludng hoi nguyén tit mot chum bie xa dién
tit ¢d tAn s6 bang tan s8 cong hudng, cdc nguyén td ty do co thé hdp thu cac bie xa
cong hudng nay va lam gidm cudng d9 cia chim bic xa dién tu. Cic nguyén tit cing
nhu phan tit $é hip thu bic xa dién tif tudn theo dinh luat Bouguer:

i
A=lg T - KIC (21.1)
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A- méat dd quang;

I, I, - cudng do 4nh sing trude va sau khi bi cdc nguyén ti hidp thuy,

K,: la hé s& phy thudce budc sdng 43

I: d6 day 16p hoi nguyén ti;

C: ndng do nguyén ti chdt nghién ctu trong 1ép hoi.

D6 14 co sd vat li clia phuong phap phdé hdp thu nguyén tu.

Vay, néu trong phudng phap phé phat xa nguyén tl, néng do chit nghién ciu duge
xac dinh dya vao cudng do vach phd phat xa; ma cutng do nay lai ti 1¢ v4i ndng do céc
nguyén t& bi kich thich thi phuong phap phd nguyén ti cd co s& khac han. O day in
hidu phan tich lai lién quan d&n cdac nguyén td khong bi kich thich.

Nguti ta da ching minh duge rdng théng thuong s6 nguyén tit & trang thai kich
thich khéng qua 1-2% s6 nguyén t chung. D6 1a li do d€ phuong phap hdp thu nguyén
t& c6 d6 nhay cao. D6i vé6i mot s6 nguyén t6 phuong phap phd hdp thu nguyén ti cd
thé xac dinh dén ndng d6 0,1 + 0,001 mg/ml. Do chinh x4c cta phuong phap rit cao,
sai 6 tuong déi = 1 + 4%.

Qua trinh phan tich cd th€ thuc hién khd don gidn, nhanh. Phuong phdp phd hip
thu nguyén ti duge Ung dung khd rong rdi trong cdc linh vue khoa hoc, ki thuat, kinh
te.

21.2. Diéu kién tao thanh phé hdp thu nguyén tu

21.2.1, Qud trinh nguyén tr hoa

D& ed thé phiin tich cic chdt theo phuong phap phd hdp thu nguyén tu ta phai hién
chit nghién cwu tit trang thai tap hop nao dd thanh trang thai nguyén t¢ tu do, dd 1a
qua trinh nguyén tt hda. Qua trinh nguyén tU héa thuong duce thue hién véi tac dung
eta. cdc loai nguén nhiét theo phuong phap ngen lita hay khong ngon lua.

Gia su kim loai nghién ctu Me trong dung dich hgp chdt MeX, dung dich MeX dugce
phun vao ngon lda dén khi & dang aerozon. Trong ngon 1¥a dén khi sé xay ra qua trinh
nhiét phan cta phan ti MeX.

MeX = Me + X. _ (21.2)

Bén canh qua trinh (21.2) cting cd thé x4y ra cdc qua trinh khac nhu qud trinh tao
cde hgp chat nhu MeO, MeOH, MeH lam gidm nong d6 nguyen tit Me,

Dé giam qué trinh tao hgp chédt chda oxi cia kim loai, ngudi ta phdi tao diéu kién
d€ bau khi ngen lita cdé tinh khd manh.

Trong ngen lua ciing cd th& xay ra qua trinh jon hoa nguyén ti tao thanh lam giam
d¢ nhay cua phép phén tich. D€ han ché sy ion hda nay, ngudi ta phai dua vao dung
dich phan tich cdc ch&t dé bj ion hda dé tang “nén electron" trong bau khi.

21.2.2. Su hip thu bitc xy cong hudng
Khi ta huang vao 16p hoi nguyén ti kim loai Me chum bic xa dién tit cd tin s6

dung béng tan s0 cdng hudng cla nguyén t6 kim loai Me, sé& xay ra hién tugng hiap thu
céng hudng d€ chuyén lén midc nang lugng kich thich ghn nhat

Me + Av - Me* {(21.3)
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Qua trinh hdp thu (21.3) tuan theo dinh luat hap thu (21.1). Ngudi ta ching minh
duge rang 0 nhiét dd cdc ngudn nhiét khéng cao qua (t = 3000°C), déi vai nhigu nguyén
t8, ndng dé cac nguyén ti bi kich thich la khong dang k& (1 - 2% so vdi nbng do chung
cka nguyén tu) va it bi thay déi theo nhiét d6. Do dd trong ph8 h&p thu nguyén tu, =6
nguyén tit ¢d kha nang hdp thu bic xa céng hudng thuc t& bing s6 nguyén ti chung
clda nguyén t& chn xdc dinh va it bi Anh hudng cia nhiét d6 ngudn nhiét. DS 1a i do tai
sao phuong phap ph8 h&p thu nguyén tit thudng cho két qua phan tich chinh xac hon
vd d6 nhay cac hon phuong phap phé phat xa nguyén ti.

21.3. Cac thi€t bj cua phuong phdp phd hdp thu nguyén ti

May hdp thu nguyén ti cd bdn khsi chinh: 1- ngudn phat bic xa cong hudng; 2-
ngudn nhiét (ngon lka hay 16 graphit) dé nguyén t& hda chdt nghién citu; 3- may phat
tia don sic; 4- thist bj ghi phd.

21.3.1. Ngubn phdt bikc xa cbng hudng

Trong phuong phap phd hdp thu rguyén ti, ngudn phat bic xa cong hudng la mat
linh kién hét sdc quan trong. Ngudn phat bic xa cong hudng thudng 1a cc ngudn phat
bic xa e d6 8n dinh cao nhu cdc dén catot réng hay cdc dén cao tan hinh cau phat cde
hd quang hoae tia lita dién ctia nguyén t6 xdc dinh. Cac ngudn nay phai phat cac vach
phS hep, cé do chdi sang cao va cudng do phai rdt én dinh. Trong cde loai ngudn ké
trén, dén catot réng la ngudn duge sit dung phd bién.

Hink 21.1. 8o db miy hilp tho nguyén tir: Hinit 21.2, Dén catot réng:
I- ngudn phdt bire xa; 2 ngon lira; 3- may phdt tia don I- bdng thiy tink; 2- anot; 3- catoy;
siic; 4- b thu dnh sing; 5- dung dich phin tich. 4- ctra 8O thach anh.

Deén catot rdng la béng thiy tinh hinh try, dudng kinh 3-5¢m, cd clta s8 bang thach
anh hay bang thay tinh (hinh 21.2). Dén c6 catot duge ch& tao bang kim loai duai dang
hinh tru hosic dang chiéc c6c nhd. Anot duge ché tao bing thanh kim loai. C4 hai cuc
dugce dat trong bdng thily tinh ¢d chia khi tro (agon hay neon) véi ap suit khéng 16n
(0,2 - 2MPa). Dén catot réng duge nusi bing dong dién nén, dién 4ap 300 - 500V &6n dinh
va phai ¢d d6 n dinh cao. Dong phdng cia dén thudng 1a vai milliampe. Khi den lam
viée, mat d6 ddng & mit bén trong catot cac hon mat ngoai, vi vay tai 16 md cla catot
sé phat sdang. Catot ctia den duge ché tao tit kim loai, hop kim khd ndng chay cd chia
nguyén t6 xdc dinh. Cdc kim loai dé néng chay hay cde hén héng cia chung duge trang
thanh 16p mong & mat trong mot catot ché tao tit mét kim loai khac khé nong chay.

21.3.2. Thiét bi nguyén tir héa
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Trong phuong phap phd hdp thu nguyén tit ngudi ta
hay ding ngon lua lam'phuang tién nguyén t hda.
Ngon lia diung trong phuong phap nay cang gidng véi
ngudn ngon lita trong phuong phap phd phat xa nguyén
ti (hinh 20.3). Ngoai ra trong phuodng phap nay con
dung céc loai 16 graphit lam thi&t bi nguyén ti hoa. Mot
trong cac kifu 16 nay dugc trinh bay & hinh 21.3.

Day la loai 16 éng bang graphit ¢é thanh mdng dai
tir 3-30 mm, dudng kinh trong 4-5 mm. Hai déu 1 duge
kep.chit vao hai tiép di€m graphit day, chic, D€ 16 khéi  Hink 21.3. 1 ¢l 3 kibm tra
bi chdy ngudi ta luon théi quanh thanh 16 mot dong vhiél d0; 2- (iEp ditm; 3- Gng graphil;
agon, dong khi nay ciing ngan bdt sy thit thodt cua 4- v0 (O bing thép.
lugng maAu da bay hoi khdi budng nguyén td héa. Toan
bé lo duge dat trong bao lanh, lam
lanh bang dong nude. Dung dich mau c l A
duge dua vao lo bang pipet vdi lugng
50-100 p1 qua 16 md3 & gitta 10. Sau khi
s&y mdu, 1o duge d6t nong dén nhiét
dd khéng cao qua 3000°C. Khi dd ba
khé cia miu duge bay hoi, hoi méu
chita day toan bé 6ng 160. Nhiét 4 cia
16 graphit duge diéu khién bang thiét
bi dién ti theo chuong trinh chon is t,s
trudc (hinh 21.4). @ B %

Thudng thi nhiét do 16 duge disu
~ khién theo thai gian va chia lam ba
giai doan: giai doan sdy mau (d€ lam
bay hoi dung méi); giai doan tro hoa {héa phan cdc cdu t¢ hitu co va dudi bdt nguyén
t6 nén); giai doan nguyén ti hda la giai doan che bay hoi riéng nguyén t8 xdc dinh va
chuyén nguyén td xac dinh ve trang thdi nguyén tu.

3000 ¢

© 2000 qzo

1000 an

Hinh 21.4. u- chueong lrinh hoa nhi¢t &0 10 graphit: b- tin
hiGu tuyél doi o eie giai doan,

21.3.3. Mdy philt tia den sic

Trong phuong phdp phd hdp thu nguyén td, ngudi ta thudng dung loai mdy phat tia
don sdc v6i phAn ti tan sdc 12 cach t& nhidu xa ¢ mot khe vao va mot hay nhigu k¥e
ra. Khe vao nhan 4anh sang tit phia ngon l¥a, ¢ khe ra cd lap t& bao quang dién hoac
nhan quang dién ti cang mot s6 thiét bi ghi tin hiéu phan tich,

Ngudi ta cing ¢d thé dung cac loai may quang phd bat ki nao d&€ lam may phat tia
don sac, mién 1a chung phai ¢d lap khe ra. Thuan lgi nhat 1a ding cdc may cd do tan
sac da 16n va déu trong sudt mign phd va du sdng.

21.3.4. Thiét bi ghi phé

Dong quang dién nhan duge tir t& bao quang dién (nhan quang dién tit) duge khuéch
dai d€ c6 thé do dugc bang cdc mdy chi thi bAng kim, hodc may ghi trén bang gidy. Cac
tin hiéu phan tich cing ¢d thé duge ma hda, thong qua ki thuat s6, ghép ndi véi may
tinh e4 nhan. Théng qua ki thuat s6 va cdc bd vi xd ly (mdy tinh)} ngudi ta c¢d thé nhan
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duge k&t qua phan tich ngay trong qua trinh ghi ph8. K&t qua phan tich nhan duge 6
th€ dudi dang d6 thi, ham lugng chét nghién ciu cing vai mat s6 thang tin ve do chinh
© xdc, do tin cay v.v...

21.4. Phuong phap phan tich phé hip thu nguyén tir

Vigc giAm cudng d¢ cha bidc xa cong hudng do hién tugng hip thu cong hudng cia
cdc nguyén tit nguyén t8 nghién ciu tudn theo dinh luat Bouguer - Lambert - Beer theo
phuong trinh (21.1). Theo phudng trinh (21.1) mat dd quang A cva dnh sang sau khi
x4y ra qua trinh hép thu ti 1 v6i ndng dé nguyén t6 nghién eidu trong miu:

7
A =log— = K IC 21.3)
I

trong dé: K - hé s8 hdp thuy;
{ - chigu dai 16p hdp thu (chidu dai ngon lia);
C - ndng dd nguyén t5 nghién ciu trong miu.

Dva vao sy phu thugc tuyén tinh gilta mat ¢6 quang A va ndng d6 nguyén t8 nghién
ciu ngudi ta cd thé xay dung phuong phéap xac dinh theo thu tuc ctia phudng phap
dudng chuéin, nhung théng thudng ngudi ta thuc hién phuong phap thém dung dich
chuén.

Trong phuong phap duong chudn ngudi ta do mat do quang cia vai dung dich chusn
roi xay dung 46 thi hé toa d6 A - C.
Sau dd nguoi ta do mat do quang cia
dung dich nghién cdu véi cung digu
kién da do dung dich chu#n, rai dua
vao dd thi chudn d€ xdc dinh ndng d6
dung dich nghién ctu.

Khi sit dung phuong phap thém,
trudc hét ta do mat do quang A, cia
dung dich nghién ciu. Sau d6 dua vao
dung dich nghién cdu mét lugng dung
dich chudn d& thu duge dung dich cd
nong d6 C, + C,. Lai do mat d¢
quang caa dung dich C, + C, la
A, O day C, = ndng do chua bist
cua nguyén t§ nghién ciu, C_: ndng
dd dung dich chuén.

Tit cac két qua ta cd:

Hinh 21.5. Ngon hira trong phiy hiip thy nguyén tir,

A, = KIC, (21.4)
Ay = KIC, + Cp) (21.5)
Tt cac phuong trinh (21.4), (21.5) ta cd thé d& dang tinh dugc:

A

X
C'x = CCIIX_—A {(21.60

x+ch =
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21.5. Ung dung cua phuong phap phé hdp thu nguyén t

Ngay nay phuong phap phd hdp thu nguyén tir 1a mét trong cac phuong phap duge
tng dung rong rai trong thyc t€ phan tich. Cing nhu phuong phap phéd phat xa nguyén
ti, day 1a phuong phap phan tich cd d¢ chon loc cao va trong qua trinh phan tich thudng
ngudi ta khong cin phai thue hién qua trinh tdach, phan li s0 bo. Mei viéc ch& bién, xui
li 56 bs mau phan tich chi nhdm dva nguyén t8 nghién cdu vao dang dung dich va tdch
dung dich khéi cac k&t tua khoéng tan (nhyv 5i0,). Giai doan phan tich tifp sau la viéc
dua mAu vao thidt bi nguyén td hda va tién hanh ghi phé.

Phuong phap phan tich hdp thu nguyén tit cd thé duge dng dung d€ phan tich cac
chdt trong nhidu d6i tugng phan tich khdc nhau, dac biét véi cde chat cd nbng do bé
trong méu phan tich. Véi phuong phap hdp thu nguyén tit ngusi ta ¢d thé xac dink hon
T0 nguyén t6 (Mg, Zn, Cu, Ca, Pb, Fe, Ag, Ni, Hg, Cd, Au...} trong cdc ddi tugng khac
nhau. Co thé 4ap dung phuong phdp hdp thu nguyén tit d€ xac dinh cdc nguyén t6 trong
cac sadn phdm hgp kim, kim loai, cdc ddi tugng vat ph8m tu nhién, dai tugng sinh hoc
v.v... Thi du cd thé xac dinh, Fe, Mg, Cu... trong dit d4, phén bdn, cdc mo6 sinh vat va
cac ddi tygng nong hoc & cAp ham lugng 104 +10-5%, d€ xdc dinh Pb, Hg, Bi va nhiéu
nguyén t§ khic trong mdu, md v.v...

So véi phuong phdp phd phdt xa nguyén ti, phugng phdap phd hdp thu nguyén ti
khéng déi o cdc didu kién nghiém ngit vé kich thich phd. Trong phudng phéap nay, tin
hiéu phan tich phu thudc s6 nguyén tit khéng bi kich thich, téc 1a phu thudc s6 nguyén
ti ¢ trang thdi co ban. Ma s6 nguyén ti & trang thai co ban it thay ddi khi nhiét do
thay d8i khong lon. 86 vach hdp thu cong hudng d6i véi tiing nguyén té khong nhidu vi
vy phuong phdp cé dé chon loc cao. Gigi han phat hién cia nhigu nguyén t8 khoang
103 + 10%%. Sai 6 phan tich thudng vao khoang 1 + 5%. _

Tuy nhién phuong phdp nay cling cd mét loat han ché&: phugng phip khong dng dung
dugc cho edc nguyén t ¢ vach cdng hudng & midn td ngoai xa (C, P va cdc halogen.. ).
Khi phén tich can cd thoi gian dua mau o trang thai dung dich nén qua trinh phan tich
o kéo dins Tuy nhien, viée dua miu ¢ g s dune dich vo tam cho vice chuan bi miu
“hudn duge don gian hon va két qua phan tich cd do chinh xdc, d¢ chon loc cao hon.
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PHUONG PHAP CHIET

22.1. Ddc diém caa qud trinh chiét
22.4.1. Bdc di€m chang cae phuwong phip

Chiét 1a qud trinh tach va phan li cdc chdt dua vao qud trinh chuyén mot chat hoa
tan trong mot pha I6ng (thudng la nude) vao mét pha 16ng khac khéng hada lan véi né
(thudng la dung méi hitu co khéng hoa ldn voi nuéc),

St dung phudng phdp chi&t nguai ta ¢ the chuy&n luong nhd chat nghién eidu trong
mdt thé tich 16n dung dich nude vao mot thé tich nho dung méi hitu co. Nho vay, ngudi
ta c¢ thé diung bién phép chiét d€ nang cao ndng dé chat nghién ciu hay ndi cach khac
day chinh 14 phuong phap chiét lam giau. Mat khac ding phuong phdp chiét, ngudi ta
e6 thé thyc hién viéc tdch hay phan tdach cdc chit trong mét hén hap phue tap khi chon
didu kién chi&t thich hogp.

Qua trinh chiét thudng xdy ra voi van téc 1dn nén ¢ thé thue hién qu4 trinh chist
tach, chiét lam gidu mot cdch nhanh chong, don gian. San pham chiét thuong kha sach.
Vi cac Iy do d6 ngay nay phuong phdp chiét khéng chi duge ung dung trong phan tich
ma con duge st dung véo qua trinh tdch, lam giau, lam sach trong san xuit cong nghiép.

22.1.2. Phan loai qud trink chiét

Qua trinh hda hoc xdy ra khi chiét cac hop chit vé co bang ciac dung méi hiru co
xay ra kha phic tap. Do dd cd nhiéu cach phan loai cdce qua trinh chiét. Vi tinh chst
phic tap ciia qua trinh chiét nén ciing dé& thdy 1a khd co cach phan loai nac hgp Iy bao
gom dugc tit ca céc trudng hop. Trong s§ cdc cédch phan loai ta ¢6 thé néu lén cdch
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phan loai cua Morison va Freizer.

Dua vao ban chit hgp chat chiét Morison va Freizer da chia hgp chit chigt thanh
hai nhdm 1én. Chiét cdc hgp chat ngi phic (hay con goi 1a cdc selat) va chiét cac tap
hop ion. Theo céde tde gia, selat 1a cac hgp chit phdi td, trong cdce hgp chdt nay, ion kim
loai két hgp vdi cdc phéi tit hitu co cd nhiéu nhom chie tao cde hgp chédt vong. lon kim
loai lién ké&t it nhat vai hai nguyén ti cda phéi ti hitu co. _

Con tap hgp ion la cac tap hgp khong tich dién do sy trung hoa dién tich cla cdc
ion d6i nhau (duong va Am). Su tao thanh tap hgp ion chi y&u do lyc tinh dién. Cac tac
gia da chia tap hop ion thanh ba nhdm nhé c¢6 thé chiét duge theo cic kidu sau:

1- Qua trinh chiét xay ra do cdc ion kim loai tham gia tao thanh jon ¢d kich thudc
16n chida edec nhém hitu co phdc tap, hoae dai khi ion kim loai lién két véi moét ion cd
kich thuéc 1én.

2- Qua trinh chiét ion kim logi do tao cac solvat. Tham gia tac solvat l1a cac anion
(thi du cde halogenua, tioxianat... kim loai) va cdc phan tU dung méi chia oxi nhu rugu,
ete thay vao vi tri ciia phan t nudc trong ion kim loai.

3- Qu4 trinh chiét bing amin va axit cacboxylic. O day cac ion kim loai dugc chiét
dudi dang mudi cd khéi lugng phan tit 1dn. Chinh vi ¢d khéi lugng phan t¥ idn ma cdc
mudi nay dé tan vao dung méi hitu co.

22.2. Cic dic trung dinh lugng cta qua trinh chiét
22.2.1. Dinh ludt phin b Nernst

Qua trinh chiét 1a qu4 trinh tach va phan ly dua vao sy phan bé khdc nhau cta cdc
chét trong hai chét 1ong khong hoa lAn vai nhau. Cd sy phan bé khdc nhau la do tinh
tan khdc nhau cua chat chiét trong ca. pha léng. Khi ta hoa tan mét chidt A vao hé
théng gom hai dung moi khong hoa lan, khi qud trinh hda tan vao hai dung méi dat
trang thai can bang thi ti s ndng d6 (chinh xdc hon 1a ti s6 hoat dd) cia chat A trong
hai dung mdi 12 mét hdng s6. DS chinh 14 dinh luat phan b3 Nernst.

[A]hc
K, = (22.1)

(Al,

trong dé: K, - hang s6 phan bg;
[Aljer [A], hoat 4§ dang xdc dinh cua chat hda tan (duge goi 1a hgp chit chiét)
trong pha hitu c¢ va trong pha nudc,

V&i mot hop chdt chiét xde dinh thi X, chi phu thude nhiet do va ban chdt dung
mdi. K, cang ldn thi kha nang hgp chat A ti pha nude vao pha hiru co cang 16n khi
thyc hién qud trinh chiét. Vi cac dung dich ¢d lyc ion bang khéng ngudi ta ¢ thé thay
hoat d§ bang nong do.

22.2.2. H¢ x6 phin bd

Trong thuc t& rdt khd xdc dinh dang xdc dinh cda hgp chat hoa tan trong ca hai
pha. Thi du v6i ch&t hoa tan 1a HgCl, thi & pha hitu co chi 1a HgCl, nhung trong pha
nudc thi cd thé ton tai ci ba dang HgCl,, HgCl* va Hg?*... Trong trudng hgp nay viée
xdc dinh riéng néng d¢ dang HgCl,, 1a rdt khé khan. D€ cd thé uéc lugng kha nang
chigt mdgt hgp chit nao d6 bing dung moi hitu co ngudi ta dang hé 56 phan bé D
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Theo dinh nghia, hé s8 phan b8 D duge xic dinh bang :
he

C

n

D=

(22.2)

trong do: C, - tdng ndng dé cdc dang cia hgp chét nghién citu trong pha hir ¢o;
C,- tong néng dd cdc dang hop chit chidt trong pha nudec.
Thi du véi hop chat chit la HgCl, thi :
Cye = [HeCl,].
C, = [HgCly] + [HgCl'] + [Hg?*] + [HgCl;] + [HgClZ™].

Khac v4i hang $6 phan bs K5, hé s6 phan b8 khong phai la hing s6 ma phu thuge
digu kién thuc nghiém. Hé s6 phan bs D chi khong déi khi khdng ¢ cac qua trinh phan
li, qua trinh tap hgp va cac bién d6i khéc coa hop chdt chiét trong hai pha hitu co va
nude.

Vi D ]a ti s6 giita tdng nong do cda céc dang hgp chét hoa tan trong pha hitu cg va
pha nudc nén ngudi ta dé dang xdc dinh duge bang thye nghiém.

22.2.3. DG chidt (hay hé 56 chict) R '

Theo dinh nghia dé chiét R céa mot qua trinh chiét duge xdc dinh bang ti s6 giia
lugng hop chat chigt da chiét duge vao pha hitu co véi lugng chdt trong pha nuéce ban
dau:

R = e (22.3)
de
trong d6 @, - lugng hgp chét chiét A da chiét vao pha hiu co;
@4~ lugng hop chdt A trong dung dich nuéce ban diu. RS rang la:
Qe = [Aly Ve (22.4)
Qpg = CRV, = (Alye- Ve + [ALV,. (22.5)

trong dd: C} 14 ndng do chat chist A trong dung dich nudc ban dau;

[Alje» [A], 12 nbng d6 can bing cla chit A trong pha hitu co va pha nude sau
khi chiét;

Vi ¥y 18 thé tich cla pha hitu ¢ va pha nuéc khi thuc hién qu4d trinh chiét.
Thay céc hé thie (22.4) va (22.5) vao (22.3) ta ¢d:

Al, ..V
R = { ]lu he (22.6)
{A]hcvhc + [A]D'Vn
Chia ca tit s6 va mau s6 (22.6) cho tich [A]l,.V,. v& chu ¥y ridng:
[A]hc ~ .
= ; ta sé ca:
[Al,
D
RrR=— (22.71
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Néu khi thuc hien qua trinh chiét ta chon V,, = V, thi (22.7) sé la

D
R = (22.8)
D+1
Tir (22.8) ta ciing cd thé suy ra:
R
D = (22.9)
1-R

(22.8) va (22.9) m6 td mdi quan hé giita d6 chié€t R va hé s& phan bd D.

Théng thudng thi phép chiét duge xem la dinh luong khi do chiét R dat dén 99 hay
99,9% nghia 1a khi chi con mdt lugng nho chat chiét con lai trong pha nudc.

Tuy nhién trong thyc t& khéng hiém trudng hgp dé chiét chi dat duge 90% hay nho
hon sau mot 1an chist. Trong trudng hgp niy, ngudi ta ¢d thé thu duge dg chiét thyc t&
hoan toan khi thuc hién lip lai qua trinh chiét nhiéu lan.

Cdc cong thdc (22.7) va (22.8) cho phép tinh d6 chiét R cla qua trinh chiét cd hé
s6 phan bé D sau mot lan chigt. Ta ¢ thé tinh do chigt R, cla qua trinh chiét sau p
lan chiét.

Ta da biét sau l1an chiét thd nhit ta cd:

C?\ ' Vn = [A]]hc’vhc + [AI]n'Vn‘
R " P opm - - . . [Ai]hc
Chi s6 "1" chi Ian chiét thd nhdt. Ta chi y D = ~——
[Al]n
nen: C?\Vn = D[A]]nvhc + [Al]nVn
Va
v e
AT n A
[Adn = =
DV!IC + Vn he
D— +1
v

n

Tuong tu sau lan chiét thd hai ta sé ¢ ndng do hop chit chiét con lai trong pha
nudc sau lan chiét thi hai [A,] =@ la:

] _ [Al]n _ C‘;\
. he th ~
D + 1 (D + 1)~

Vn Vn

va lugng chét con lai trong pha nudc sau p lan chigt [A ],
Ca
[Bply =——— (22.10)

e
(D—‘f-{rl)p

Céng thitc (22.10) cho phép tinh todn ndng d6 cta chét chiét con lai trong pha nude
sau p lan chiét.
Tir (22.10) ta cd thé tinh s 1an chiét p d& dat d¢ chiét R can thiét:
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log C%
(A
p = ;j" (22.11)
log (D= + 1
g ( V. )
Thi du d€ dat d¢ chiét R = 99% theo (22.11) ta cd
2 N . th
p=——"——— thikhiD— =Dr =1
Vh Vv
lcog(l')—-—c +1 ) n
5i th Vn
vl r =——
VI'I
2 2
P=——=T conkhiDr=5thin = — = 3
0,3 0,78
con néu mudn tinh do chist Rp gau p lan chiét, ta c6:
_ C(;\Vn - [Ap]vn -1 C?\Vn
P = =1-
civ, (Dr + Lp.CQV,
1
=1 - . (22.12)
{Dr + 1ip

Cong thic (22.12) cho phép tinh do chist R}, sau p 1an chiét khi bi&t he s6 phan b

I »
D va v6i tl 86 r == da chon,
Vﬂ
Thidy v6i p = 1 va r = 1 (khi chiét chon thé tich pha hitu co bang thé tich pha
nuge: V, . = V,) ta sé cd
D

R =
D+ 1

22.2.4. HE 36 tdch va hé s¢ fam gidu

Gia slt ta cd hén hop hai chdt A va B trong dung djch nuéc. Ta thuc hién qua trinh
chiét d&€ tdach hai chdat A, B ra khoi nhau. Trong digu kién xdc dinh, chdt A co hé so
phan b6 D, va chdt B c6 hé sd phan bs Dy. D€ ube lugng kha nang tdach hai chat AB
ra khél nhau bang qua trinh chist nay ngudi ta dung hé s6 tach. Theo dinh nghia:

Dr‘\

DR

x:

Né&u y = 1, ta khong thé thuc hién viée tach hai chat A, B ra khoi nhau bang qua
trinh chiét tuong dng.
x cang khac 1 bao nhiéu thi viéc tach cang thyc hién duge dé dang.

Nhung mot tham sé dac trung toan dién hon cho kha nang tach {a hé s6 lam giau
S. -
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Gia s ta can tach cdc chdt A va B trong hén hop ra khéi nhau bang mot qua trinh
chiét nao dd. Ngudi ta goi hé s6 lam giau Sp,, 1a ti s6 ndng dd cua chat A so voi chat
B trong pha hitu cg 1dn hon ti s6 ndng d6 chit A so voi ndéng d§ chat B trong dung dich
nude ban diu bao nhiéu lan, Gia st €4 va €y} 12 ndong do cdc chét A va B trong pha
nudc ban dau va [A],, va [B],, 12 ndng do céc chdt A va B trong pha hitu co sau khi
qua trinh chiét dat trang thai can bang. Theo dinh nghia ta c¢d hé s6 lam giau cua qua
trinh chiét tach dugce xac dinh bang:

S C?\/ l)l C?\ [B]hc C?\ [B]hc
- — =— X = X
A {A]hc/[B]hc Ci‘; [A]hc [A]hc C?;

[A]hc » R {B]Iu:

ma ta biét R, = va Ry = ;
o o
R, va R), 1a do chiét cua chat A va chit B clia qua trinh chiét tuong tng; va
RI‘ .
Spia =75 (22.13)
R,

Cong thic (22.13) dng dung cho hé s6 lam giau v3i qud trinh tach thyc hién bang
mat 1an chiét.
Khi qua trinh tach thyc hién vdi p lan chiét thi thay hé thic (22.12) vao (22.13) ta

ca:
(Dyr. + Dp — 1](Dr + Dp _
Spa = (22.14)
(D, + Lp - 1)D." + 1)p
Khip =1var=1,tasécd
DD, + 1)
131 ) .
Spa = ———— (22.15)
DDy + D
Bay git gia st D, = 10% cdn Dy = 0,1 thi hé s6 tach :
D, 107
y =—— = —— = 10% nghia 1a hé s3 tach rat 16n.
D, 0,1

Tuy nhién qué trinh chiét tach nay khong hoan toan thanh céng vi khi ding qua
trinh chi&t nay dé tach A khoi B thi di rang ta tach duocc 99,99 chdt A ra khoi nude,
nhung trong san ph&m chiét vin ¢ mdt lugng kh4 1é6n nhit B (gan 10%) va theo phuong
trinh (22.15) thi hé s6 lam giau cta qua trink chiét nay la:

0,1(10* + 1)
= 0,1

¥

Sy . m—
BiA T 1040,1 + 1)

Nhung néu cing cing hé s6 tach y = 105 vanéu D, = 102 va D), = 10~} thi hé s8
lam gidu Sy, sé la:
103(10% + 1)

102 (103 + 1)

Spia = = 1073
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nghia la S, s& nho hon hai bae. Trong truding hop may chat A s& chuyén vao pha hitu
€6 99% cdn chdt B chi chuyén vao pha hitu co 0,1%. Vay hé s6 lam giau S phan anh
kha nang tdch hai ch4t ra khdi nhau thyc chit hon hé s6 tach X

22.3. Chiét hop chit néi phie
22.3.1. Ddc di€m chung ctia qud trink chiét hop ch@t néi phiic

Trong da s6 cdc trudng hop, hgp chdt noi phic dudc tao ra do tuong tic cua cac
cation kim loai v8i cac thudc thi hitu co. Cac thuse thit hitu co nay thudng la nhing
hop chdt ma phan ti cia ching ¢d nhigu nhdm chite. Hop chit ndi phitc thudng 1a nhirng
hogp chét it tan trong nuéc, tan tét trong dung méi hitu co, d chinh 12 If do cae hap
chdt noi phic dé dang chiét duge ti pha nudc vao pha hitu co. Cac thusc thd hitu cg
thudng la cae ‘axit hitu co HR.

Qud trinh chiét cic jon kim loai M™* bang thudc thit HR ¢ thé bao gom cdc giai
doan sau day:

1- Qua trinh chuyén cic phan ti HR gifra pha nude va pha hiu co:

HR HR (22.16)
{pha nudc) {pha hitu co)

Thude thi HR thuing it tan trong pha nuéc hon pha hitu co nén can bang (22.16)
thudng xay ra theo chiu tir trai sang phai manh hon chidy ngude lai.
2- Sy tuong tdc cha thude thit véi ion kim loai trong pha nudc:
M"™ + nHR == MR, + nH* (22.17)
{(pha nuéc) (pha nudc)
3- Qua trinh chuyén hgp chit néi phic MR, tit pha nudc vao pha hiru co:
MR, == MR, (22.18)
(pha nudc) (pha hitu co)
Qué trinh chiét ¢ thé mo ta bing phuong trinh téng
Mn"™ + rHR e MR, + =aH* {22.19)
{pha nudc} {pha hitu co) (pha hitu co) (pha nuéc)

Qua trinh (22.19) duge dac trung bing hing s8 can bang ma ngudi ta goi 1a hang
s6 chiét K ] '
aMRn X anr [MRn]hc x [H*]® yMRn{hc) Xy i‘[+

Ko = -
apytn X aly, M) x [HRP

ch

22.2Mm

MY X7 PiRinthe)

YMRighe) X 7 {1t K (MR, ], . x [H*]
= val =
ch

W ek Xy MR n(he) [M"*] x [HRF

(22.21)

K7, 14 hang s6 chiét & dang hoat do. Théng thudng thi véi luc ion cia dung dich
khong thay ddi ta cd thé biu didn hing s6 chiét & dang nong d¢ K, nhu 9 (22.21).
Ta ldy logarit phuong trinh (22.21) ta cd:

[MRn]hc

logK, = log W

+ n log[H*] — n log[HR]
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. [MRn]hc . . .
Chu y rang T = D chinh 12 hé s& phan bd cia qua trinh chiét, vi vay
(M*]

logK , = logD + n log[H*] - n log[HR],

—logK_, = —logD + npH + n log[HR] (22 99
—logK ., —logD
va = + pH + log[HR],. 12223
n n
Tit 22.22 ta cd:
logD logK,,,
= + pH + log[HR], (2224
n n

(22.24) cho th&y hé s8 phﬁn bé phu thudc truc tigp pH cla dung dich chiét va ta ¢d
thé chon gia tri pH d& cho hé s6 phan b§ D ctia qua trinh bang 1 dng vdéi lic ¢ 50%
chét chiét chuyén ti pha nudc vao pha hiru ce. Ngudi ta goi gid tri pH dng vdi lic cd
50% luong chit chist chuyén vao pha hitu cd la pHy,,

Gia tri pH, 14 mét trong nhitng dac trung cho phép phén doan kha nang chiét cta
qud trinh chi&t hop chat ndi phiec.

22.3.2. Gidi thiéu mét 56 qud trinh chiét hop chdt ndi phitc

Cac thuéc thi oxiquinolin va edc din xudt, ditizon, dixeton, okxin, ditiocacbamat,
axit ankylphotphoric v.v... la nhitng thuéc thi thudng duge st dung trong qua trinh
chiét cac hop chdt ngi phtc. Céc thude thit nay thudng 6 chda nhidu nhém chie, co
thé tdc dung véi ion kim loai tao thanh hop chdt vdng, cdc hop chdt loal nay thuong
khd tan trong nudc; d& tan trong dung mdi hitu co, nén thich hdp cho viée tng dung
vao qua trinh chiét

1. Thube thit 8-oxiquinolin (Ij (1a thuéc thi thudc he okxin).
) N
H

o

Day 1a thudc thi it tan trong nudc (3,6.103 mol.I"1), trong ete, nhung tan tot trong
rugy, benzen, clorofom va nhigu dung méi hitu co khédc. Trong qua trinh chiét cde ion
kim loai, ngudi ta hay dung dung dich oxiquinolin 1,5% trong clorofom. Dung thude thi
oxiquinolin ngudi ta c6 thé chiét hon 50 nguyén t6 {trong dd cd Pd, Mo, W, V, TL, Fe,
7r, Ga, Cu, Ti, In, Bi, Ni v.v...). D& tang tinh chon loc cta qua trinh chiét vdi thudc thu
oxiquinolin ngudi ta thudng két hgp viéc digu chinh pH, chon cdc chat che thich hop
cho titng ion kim logi ¢an chiét.

2. Thude thit axetylaxeton CH3——(E—CH2—»E—CH3

0O 0

Axetylaxeton la thudc thi haa lin v6i clorofom, benzen, ete va nhigu dung moi hitu
co khae. Axetylaxeton cing tan kha tét trong nudc. O 25°C, 1 it nudc hoa tan 172gi.
Hé s6 phan b8 cia axetylaxeton gita nudc va benzen la 5,8, gitta nude va clorofom la
25. Ngudi ta cé thé dung axetylaxeton vita 1a thuée thit vira 14 dung moi ciing nhu dung
dich axetylaxeton trong clorofom, benzen, tetraclocachon va cac dung moéi khac. Ding
axetylaxeton lam thudc thit c6 th€ chiét hon 60 nguyén t&5 (Pb, Tl, Fe, Pu, U, Ga, Cu,
Sc, Al, In, Th, Pb, La, v.v...). Cac axetylaxetonat tan tot trong dung moi hitu cd, bén
v@i nhiét.
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S

i

3. Dilizon (hay diphenyltiocacbazon). @N = N-C-NH - NH

Ditizon thuc t& khéng tan trong nude, tan t&t trong clorofom va tetraclorua ¢acbon.
Héang s8 phan b6 cda ditizon gita nuéc va clorofom la 2.10°, gita nudc va tetraclorua
cacbon 1a 1.104. Dung ditizon ngudi ta ¢ thé chidt va xac dinh cac nguyén t6. Pd, Au,
Hg, Ag, Cu, Bi, Pt, In, Zn, Cd, Co, v.v... V6i sy didu chinh PH va chon chat che thich
hop ngudi ta cd thé tang tinh chon loc cia qu4 trinh chist. Thi du, khi chiét bismut ti
mai trudng axit y&u ta cd thé tdch bismut khéi Zn, Cd, Pb va nhidu nguyén td khic,
Khi ¢ mat xianua ditizon chi chiét Zn va thiéc. Ngudi ta cling cd th€ dung tioxianat,
tiosunfat va EDTA d¢€ lam chit che cho cde qua trinh chist tdach.

C,H, N
9 \ J’:’
4. Kali dietylditiocacbamat (DDTK) /N - C\
C,H; SK

Kali dietylditiocachamat tan t8t trong nuée, khdé tan hon trong rugu. Axit
dietylditiocacbamic tan t6t trong clorofom, benzen, tetraclorua cacbon va csc dung méi
cung loai. Hang s8 phan b6 cia DDTK giita dung mdi hitu co va pha nude 1a 340 vai
tetraclorua cacbon va 2360 v6i clorofom. Dung dich nuéce cta axit dietylditiccacbamic
khéng bén. Kali dietylditiocacbamat tac dung v&i nhigu nguyén ts (Hg, Ag, Cu, TI, Ni,
Bi, Pb, Cd, Sb v.v...). Ditng EDTA lam chét che ¢d thé tang duge tinh chon loc cla nhigu
qué trinh chiét. Mot vai dietylditiocacbamat cé mau: phue bismut ¢6 mau vang; coban
cé mau xanh; déng c¢d miu ndu v.v... nhd dd ¢d thé dang dietylditiocacbamat lam thuge
thir chiét do quang cdc nguyén t8 tuong dng.

22.4. Chiét cdc tap hgp ion

Tap hgp ion 1a nhitng mudi do cdc anion va cation cd kich thude 16n tao ra. Tap
hgp ion la nhitng tap hop dude tao ra do céc ion trai ddu, giita cdc ion trai dau phai
khéng ¢d cdc phan ti dung méi. Trong trudng hgp dung dich nuéc thi cac anion va
cation phai khong & trang thai bi hidrat hda.

Khac vdi cac ion, cac tap hgp ion 1a nhitng phan
tu trung hoa dién, cd kha nang bi solvat hoa
boi cdc phan tit dung moi hitu co va dé dang
chuyén vao pha hitu co. (CH,),N* N*(CH;),

Céc cation ¢6 kich thuéc 1dn c6 thé tao nén =
tap hgp ion nhu: |

Céc cation tetraphenylasoni (C H,),As*, 7
tetraphenylphotphoni (CoHg),P*, tetrabutyl- CH
amoni (C4H9)4N+ vA mot s6 cation khac

Cédc cation phdc kim loai nhu phenan-
trolinat st Fe(Phen)2+* v.v.

Cation chat mau bazo nhu cation tinh thé
tim (I) m6t 6 cation bazo hitu cd nhu antipirin N(CHB)Z
(I} va diantipirin (III) (I
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HC = C - CH, HyC - C =C - CHy- ¢ =¢ - CH,
0=C N- CH, CH,-N N=0O  0=C N -CH,
) A4 N/
N N N
I
CﬁHS Cl’lHﬁ Cf)HS
(ID) (I11)

Trong dung dich axit, phan t# cdc hop chit nay cd thé€ két hgp véiion H*, v4i nguyén
t& oxi cta nhém cacboxylic tao thanh ciac caton ¢d kich thude lon AHY, A 14 phan td
(IT) hay (III). Cdc cation kim loai kigm c¢ thé két hdgp vdi cac ligan cé kich thudc rat
16n thi dy dibenzo-18-crown-6 {dugc goi 1a este crown) tao thanh cation kich thuéc hét
sic 16n (IV)

& o o
o + A
L K 1
S NS
(IV)

Trong (IV) jon kali lién két v6i cdc nguyén tif oxi cia phan tu este crown do luc
tuong tdc gida ion - ludng cuc. :

Nhiéu ligan e6 kich thudc 1dn khéc trong dd nguyén tit oxi duge thay bing nguyén
t& luu huynh, nito cdon benzen duge thay bang gdc khac. Cac este crown cd dac diém 1a
¢6 4o chon loc cao cho mot s6 cation, nhu dibenzo - 18 - crown - 6 uu tién tac dung vai
ion kali con cac cation kim loai kiém khdc thi kém hon nhigu.

Céc eation vita néu trén cd thé két hop voi cdc anion kich thuée 1dn, tao duge nhiing
tap hop ion chiét tét bang cde dung méi hitu co.

Thi du mét s6 anion axit vé6 co CIO;, ReOj,.. ¢é thé tdc dung vdOi cation
tetraphenylasoni, phenantrolinat sdt v.v... tao duge cde tap hop ion chiét tot bang cdc
dung md&i hitu cd.

Cac anion cla mét s6 axit phidc tap nhu edce axit HFeCl,, H,Co(SCN),, HSbCl,... co
thé k&t hop voi cac cation chdt mau bazd hitu co chiét t6t bang benzen, toluen. Thi du
anion SbCl; tac dung vdi metyl tim hay rodamin B tac dugc cdc tap hop ion chiét tit
bing benzen, toluen trong phuong phdp chiét do quang antimoin.

Ngoai hai hé thong chiét 14n k& trén, ngudi ta cd thé ké dén qua trinh chiét theo
co ché& hoa tan vat Iy {(chiét iot bang clerofom, benzen v.v..), chiét hgp chit phan tu
(nhu HgCl,, AsCl,, AsCly).

22.5. Téc dd qua trinh chiét

Su phan b6 cac chdt gita hai pha (nudc va hiru ca) 13 két qué cda nhigu qua trinh
hda 1§ xAy ra trong cac pha. Tde dé qua trinh chiét duge quyét dinh do téc dd tao thanh
hgp chat chiét va téc do chuyén hop chdt chiét tit pha nudce vao pha hitu co. Tay thude
qua trinh chiét, téc dé chigt duge quyét dinh do téc do cia mot hay cida ca hai qua trinh.

Théng thudng ngudi ta cho rang téc do chiét duge quyét dinh do téc do tao phuc
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chiét ma khéng phu thuoc tée do khuiy tron.

Hop chit chiét thudc loai tap hop ion duge tao thanh véi téc d6 1dn nén véi da =6
cac tap hop ion can bang chist duge thigt lap trong vong 3-5 phit. Nhidu quad trinh chiét
cdc hop chidt nai phde, can bang chiét cling duoe thist l1ap dd nhanh va qua trinh chiét
thudéng duge thiét lap trong vong vai ba phit dén mugi phut.

Tuy nhién ciing ¢6 nhigdu qua trinh tao hop chat noi phuc xay ra véi van tée kha
cham. Thi dy qua trinh tao cdc ditizonat k&m, tali xdy ra khd cham, can bang chi thist
lap sau 1-3 git. Sy tao hgp chit noi phific cia mot s6 ion kim loai nhu crom, cdc kim
loai nhém platin xay ra véi tée do bé, nén qua trinh chigt hop chat noi phic cdc ion kim
loai nay xay ra kha cham. Dé& tang van téc qua trinh chiét, ngudi ta cd the diung tac
dung nhiét d€ tang van téc tao hop chat, sau d6 ha nhiét do r5i méi thuc hien qua trinh
chiét. :

Ban chit cia cde dung méi cing anh hudng 16n dén van téc qua trinh chist, Thong
thudng thi qua trinh chiét xdy ra nhanh trong cdc dung méi ma thude thit kho tan trong
dung mdi dé. Thi du do hoa tan cuia axetylaxeton trong tetraclorua cacbon gian 10 lan
nho hon trong clorofom. Can bang phan bo axetylaxelonat sdt (III) trong hé CCl, ~ H,0
dat dugc sau 30 phut, cdn trong hé CHCl; - H,O sau ba giu.

22.6. Ung dung ctia qu4d trinh chiét

Phuong phap chiét 1a mét phuong phép duge dng dung rdt c6 hiéu qua vao cdc muce
dich tach, phan li, lam giau cic chat, dac biét khi can tach mét lugng 14t nhé cdc tap
chdt ra khoéi mét lugng 16n cée chét khac. Uu diém 16n nhit cua phuong phap chiét la
qua trinh thyc hién rat nhanh. Théng thutng thi can vaj phit 12 ed the thue hien duge
mot phép chiét. Cac thist bi chigt lai rat don gian, khi ti€n hanh chidt, trie phéu chist,
thudng ngudi ta khong cin ddi héi thiét bi gl thém. Khi chon thudc thg, dung mbi va
diéu kién chiét thich hgp ngudi ta ed the tach duge bat ky cdu tir nac ra khéi méot hén
hgp bat ky. Trong trudng hgp hop chat chiét oo mau, ta c¢d the st dung trye tiép phin
chiét vao mue dich phan tich dinh lugng theo phuong phap chist do quang, Ngoai cac
mue dich phan tich trong phang thi nghiém, ngdy nay phuong phap chiét con duoe sit
m'mg- trong phuong phap thiy luyén kim, trong cong nghé hop chat vé eg, dac biot trong
viéc sn xudt cac hop chédt nguyén t& hidm.
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CHUONG 23

PHUONG PHAP SAC Ki

23.1. Céc vin dé chung cha phuong phédp séc ki
23.1.1. Diic dié'm chung ciua phuwong phip sic ki

Sdc ki 1a phuong phap tach, phan li, phan tich cac chét dua vao su phian bd khac
nhau cta chiing gitta hai pha déng va pha tinh.

Khi tiép xtc v6i pha tinh, cdc cdu tif cia hén hgp sé phan bs gita pha dong va pha
tinh tuong ung voi tinh chdt cia ching (tinh bi hdp phu, tinh tan v.v...). Trong cac hé
théng sdc ki chi ed cde phan ti pha déng mdi chuyén déng doc theo hé séc ki. Cdc chat
khéc nhau sé cd di lyc khac nhau v6i pha doéng va pha tinh. Trong quéa trinh pha dong
chuyén dong doc theo hé sdc ki hét 16p pha tinh nay dén 16p pha tinh khac, sé lap di
lap lai qua trinh hdp phu, phan hip phu. Hé qua la céc chit ¢6 ai luc 16n vai pha tinh
sé chuyén dong cham hon qua hé thdng séc ki so vdi cdc chit tuong tde y&u hon véi
pha nay. Nho dac di€ém nay ma ngudi ta ¢6 thé tich cde chdt qua qua trinh sic ki,

23.1.2. Co s& cia phuwong phdp sic ki

Phuang phép sdc ki dya vao su phan bé khac nhau cia céc chét gita hai pha déng
va tinh. C6 nhidu nguyén nhan dua dén sy phan bs khace nhau cia cde chat, nhung chinh
su lap di lap lai hién tugng hdp phu - phdn hap phu cda cac chét khi dong pha daong
chuyén déng qua pha tinh 12 nguyén nhan cha y&u cta viée tach sdc ki.

O dizu kién nhiét do khong d6i, dinh luat mé ta sy phu thudc cua luong chét bi hép
phu lén pha tinh véi ndng d¢ cha dung dich (hodc véi chat khi 1a ap Sust riéng phén)
goi 1a dinh luat hdp phu don phan tit ding nhiét Langmuir:
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bC
n=n_ ——0— (23.1)
® 1+ bC

tr‘c')'ng dé: n - lugng chit bi hdp phu 1én pha tinh lic dat cAn bang,
R - lugng cyc dai cda chét c6 thé bi hdp phuy lén mét chat hdp phu nao dg;
b - 1a hamg so;
C - la ndng dd cua chdt bi hdp phu.

Theo Langmuir , trén be mat ctia vat rén cd nhitng vi tri cd nang lugng bé phan bé
trén toan bé mat, ta goi sé vi tri hay n_ cdc phan t chdt bi hdp phy tit dung dich hay
dong khi ¢ thé& bi hdp phu lén bé mat vat ran tai cédc di€m nay.

Trong mién ndng dé du bé thi hién tugng hap phu cd thé trd nén tuyén tinh. Thuec
vay, khi C dd bé d€ cho bC <1 va 1l +b6C = 1 thi {23.1) s& trd thanh

n=n,bC=KC (23.2)

Day la phuong trinh h&p phu tuyén tinh hay con goi la phuong trinh Henry. Mign
nong 46 ctia chdt hip phu tuan theo dinh luat hdp phu tuyén tinh dai khi duge goi la
mién Henry. '

Cho di1 cd ch& cua hién tugng hdp phuy, trac déi chat gita hai pha dong va tinh ¢
thé khde nhau nhung hé qua cudi cuing van la hién tugng hép phu - phan hép phu va
sy trao ddi chdt néi chung tuan theo dinh luat hdp phu Langmuir hodc dinh luat hap
phu Henry.

Nhu vay theo quan diém cia Langmuir , hién tugng hdp phu x4y ra theo kigu dan
phan ti. Thuc t& cd thé ed trudng hgp hign tugng hdp phu xay ra theo ki¢u da phan
t&, nhung trong qud trinh sic ky, hién tugng hdp phu don phan t ki€u Langmuir {va
Henry} van la chu yé&u.

23.1.3. Phan logi cdc phirong phdp siic ki

Trong phudng phap sac ki pha dong phai la cac luu thé (cac chdt & trang thai khi
hay 13ng) cdn pha tinh cd thé 1a cac chdt § trang thai 16ng hoac rdn. Dua vao trang thai
tap hop ctia pha dang, ngudi ta chia sac ki thanh hai nhom lon: sac ki khi va séc ki
léng. Dua vao co ché trao dbi cha cac chéat gitta pha dong va pha tinh ma ngudi ta lai
chia cac phuong phap sic ki thanh nhém nhé hen.

Bdng 23.] Cic dang sic ki cor bin

Dang sic ki Pha ding Pha tinh | Cdich ba i pha (inh Cur b€ 1rao d6i chit
K
Khi — hip phu Khi Rén it 1Tip phuy
Khi — tng Khi Long Cin Phin bo
f.0ng
Lamg — rin I.éng Rin Cit Hip phu
Long — long Ldng Léng Gt Phin bo
Long — Nhya trao dii Long 1%in o Trawo dii ion
[op ming [.6mg Rin Lép miong Hap phy
. Long 1.0ng 1.¢p mong Phiin bd
Gidy [.ong Long Giifty sde ki Phin bd
Ray (sde ki gel) Léng Long Cat ‘Theo kich thuide phin W
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Nhu vay tuy thudc trang théi tap hop cua ede pha, loai tudng tac va sy hinh thanh
sac ki ma ngudi ta phan biét cac loai sdc ki nhu trinh bay ¢ bang 23.1

23.1.4. Cdc cdch tién hanh phan tich sic ki

Tay thuge ch& dé dua mau vao hé théng sde ki cling nhu cdc thao tac tign hanh sdc
ki, ngutri ta chia cdch tién hanh sic ki thanh ba loai.

1. Phuong phap tién luu

Day la phuong phap sc ki don gidn nhédt. Ngudi ta cho hén hop, thi du hai chat A,
B, lién tuc chay qua cot ¢S nap san chat hdp phu. Ngusi ta xac dinh nong d6 cac cdu
ti trong dung dich chay ra khéi c6t va xay dung dd thi theo ha toa d6: ndng dd cau tir
- thé tich dung dich chdy qua cot. Db thi nay thuung goi 1a séc ki dd hay dudng cong
thoat (cd tdc gid goi 1a dudng cong xuit). Do cdc cdu ti bi hap phu lén cat, nén trudc
hét tir ot chi chay ra dung méi. Sau dd trong dung dich thoat s& c6 cfu ti bi hdp phu
yéu hon trén cot, thi du cdu tir A, sau d6 dén phan dung dich chwta hén hop A + B.
Duong cong thoat theo phuong phdp tign lwu duge cho trén hinh 23.1a. Trong phuong
phéap tign luu, ta chi thu duge phan dung dich thodt cd c&u tir A tinh khiét & lac dau,
sau dd 14 hén hgp A + B. Phuong phdp tién luu khéng cho phép tach hoan toan cic cdu
td ra khéi nhau nén thuc t€ it duge dung vao muc dich phan tich cac chat.

/

¥ 4 4

Hinl 23.1a¢ Bwirng cong thoit  Hink 23.1h. Duirng conyg thodt Hinh 23.1c. rivag cong theat
cia phuong phdp tién . clu phwong phdp riva gidi. ciia phwong phip rdu dhy,

2. Phuong phdp rite gidi

Trong phuong phdp ria giai, dhu tién ngudi ta cho v ml dung dich chita hén hop
cde clu tl (thi du hén hop hai cdu td A va B, trong d6 A c6 ai luc véi cot nhé hon B!
chay qua ¢6t. Cdc cfu td A, B chia trong v ml trude hét se bi gi® lai ¢ phan trén cua
cot. Sau dd cho dung dich rita (thudng 1a dung moi hda tan cdc cdu ti) chay qua cot.
Lic dé cdc cdu tl bi gilt & phan trén cia cdt sé bi dung méi "ria" va dua dan xudng
phia dudi. CAu ti A cd & lvc v8i c6t nhé han B nén chuy&n dong xuéng phia dudi nhanh
hon B. Né&u c6t dd dai va ché do chay cta dung dich ria thich hop thi sau mét thai gian
cho chay dung dich ria, cdc cdu ti sé tach ra thanh ting vung. Cdc vung nay sé tuin
tu thoat ta khoi cot, méi viung lai duoe ecdch nhau bang mot phan dung méi. Trén hinh
23.1b 1a duding cong thodt clia qua trinh rita gidi. Trong phuong phap ria gidi ngusi ta
ciing hay dung nhitng dung dich chiéa mot cdu ti 6 ai lue véi cot nhung phal nhé hon
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di luc ela cdac cdu tu can tach vdi cot.

3. Phuong phép rita ddy

Treng phuong phap ria ddy, sau khi dua méu vao cot, ta cho chay qua cot mot dung
dich rtta chiuia chdt cd ai lyc vdi pha tinh 16n hon cdc cdu td can tdach. CAc cdu td can
tach sé bi chuyén d&n xudng phia dusi khi ta ti€n hanh qu4 trinh rda cdt va tuin tu
thoat ra khéi cot. CAu t thoat ra khéi cét dau tién 14 cdu tU tudng tac vdi pha tinh
yéu nhét, sau dé dan dan dén cdc clu tu cd 4i lye vdi ¢ot manh déan. Khdac véi phuong
phap ria gidi, nong dd cic cfu td khong gidm qua qud trinh sdc ki. M6t nhuge diém
quan trong cua phudng phép ria ddy la rdt khd phan biét cac phiin riéng cta cic ciu
tl trong dung dich thodt, vi ¢ day cdac phan dung dich theat chita cic ciu ti riéng khéng
thé tach khdi nhau bang cde thé tich dung dich rira xdc dinh (hinh 23.1c).

23.2. Pic shc ki va cde dic trung cua qua trinh rida giai

Trong phuong phap phan tich sdc ki nguti ta hay dung phudng phap rita giai. Trong
phudng phap rua giai, pha dong (khi hay long) thoat ra khéi c6t duge phéan tich lién tuc.
Dua vao k&t qua phan tich, ngusi ta xay dung 4o thi hé toa do: ndng do chat nghién
cidu C va thé tich V cia pha dong chay qua cot.

Néu goi A’ 13 lic dua dung dich mau
(hodc hén hgp khi phan tich), A 1a lie xuit ¢
hién cfiu td khong bi hdp phu lén ct, con B
la lic xudt hién chdt phan tich, thi dudng
A’AB va phan kéo dai cia nd 1a dudng BF y 17
duge goi la dudng khéng hay duong chan.
Dudng cong BDF 1a pic sac ki (hay dinh séc
ki).

Pic sac ki duge dac trung bdng chigu
cao, do rong, dién tich va vi tri cta pic.
Duing cong pic sic ki thuing cé thé mo ta
bang phuong trinh todn hoc: Hink 23.2. Cic dic treng cia phin tich siic ki,

vy \2a 2
c=c o VTV (23.3)

max
trong dd: V - thé tich pha déng;
V, th€ tich pha déng tdng voi C_ ;
#t. - d6 léch chu&n bing 4% rong nira pic dng voi:
C

max

C

= olf2 (23,4)

Chidu cao cia pic (tl 16 v@i C ) duge tinh bang gia tri & hay 4’ (hinh 23.2). &’
chinh la khoang cach tinh tif dudng chan dén giao di€m cia cac tiép tuyén v& tit diém
udn cta duiing cong. Do réng cua pic duge tinh bang khodng cach gitta hai diém trén
dudng cong Ung vdi nita chiéu cao A (CE = ). Tuy nhién cing con nhigu cach tinh
dé réng cua pic khdc nhau. Ngudi ta ¢d thé chon do rong clia pic 14 khoang cdch giita
cdc di€m udn (u#,) hay khodng cdch B’F’ la khoang cach giita cac giao di€m cia cac



CO SO HOA HOC PHAN TICH 345

dudng ti€p tuyén tai di€m udn véi dudng chan (B'F’ = Htg — w). Nguti ta cé thé xac
dinh méi lién quan giita cdc dai lugng nay: S
Hos = 2,36 pu;  p, = 0,850 Hos — 2,
ty = L7000 g5 Mys = w = 4u (23.5)
Mot dac trung quan trong cla hé théng sic ki 1a thai gian luu va dai lugng ti 16 véi
thoi giam luu la thé tich luu. Trén hinh 23.2 doan AG tuong dng véi thé tich luu thu
gon (hay thé tich luu quy d6i), cong A’G 1a thé tich luu chung.
Né&u d% dai cia doan A’G 1a [ thi thsi gian luu toséla

C

trong dé U - van téc chuyén déng cta bang ghi.
Thé tich luu V, ti 18 v6i thoi gian luu ¢, :
Vr =t w
trong dd: w - van tée thé tich cia pha dong {dung dich hay khf mang) chay qua cot.
Thé tich luu thu gon V', ing v6i doan AG dugc x4c dinh bang hé thie:
V, =V, -V,
trong dd: V), - ti 1& v6i doan A’'A c6 d6 dai tuong dng 1a Los
Vy - déc trung cho thé tich [uu cta cdu tu khéng bj hdp phu hay con goi la
th€ tich "chét”,
Thé tich luu thu gon tuong tng v6i thai gian luu thu gon ¢ : L=k — by by tile
voi d§ dai {, dac trung cho thai gian luu cla cdu t khéng bi hap phu lén cot.
Tich s& cua thé tich luu thu gon V', v6i hé 56 nén J (cho sic ki khi) duge goi 1a thé
tich luu higu qua Vig: :

Vi q

= V.J
| 3 @R - 1
Véi hé 36 nén J= -
2 -1

P va P la dp sudt cia khi mang khi vao cot va ra khoi cot.

Mot dde trung quan trong khac cia phuong phap séc ki khi la thé tich luu rieng
tuyét d6i V. V_ dudc tinh theo céng thic:

v 273,16

hq
v, = (23.6)

m Tk

trong d6 : m - khéi lugng cia chit hap phuy;
7\ - nhiet do ctia cot.

Vin khong phu thude cde tham sd hinh hoc cia cOt va cd thé dung d& dac trung cho
hé théng chadt hdp phu - khi hdp phu. Tuy nhién dai lugng nay cng thay d&i theo mét
s0 nguyén nhan ngiu nhién.

Mat dai lugng khdce it chiu Anh hudng eva cic yéu t8 ngdu nhién hon 14 thé tich lua
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tuong déi. Theo dinh nghia, thé tich luu tuong ddi 1a ti s6 gilta thé tich huu riéng tuyét
d&i vdi thé tich tdong dng cia mét chdt duge chon lam chdt chudn:

v .
Vy =—b , (23.7)
1%

mc
trong dé: V- thé tich lvu tuong d6i;
Vi - thé tich luu tuyét déi cha chit nghién efu.
V., - th€ tich luu tuyét déi cha chit chon lam chudn.

Gid tri thé tich luu tudng d6i ed thé tim duge trong cdc sé tay.

Kha ning tdach hoan toan hai cdu t ndo dé ra khéi nhau duge dac trung bang chuin
s0 tach K:
Al AV

K = = r (23.8)
;10‘5{1) + ;t0.5(2) #y 05 (1) + Hy o5 (2)

trong dé:  Al, AV - khoAng cdch hai cyc dai cia cac pic cha cde cdu td cin tach;
ity s - 46 réng nia pic cia cac cdu ti (1 va 2);
Chi s6 v chi rang dai lugng duge do theo don vi thé tich.
Khi K =1 viéc tach duge thuec hién dd hoan hoan.
Gia thi€t ring d6 réng nia pic cla hai pic sic ki gin bang nhau nghia 1a x4, = x,
thi K (theo bi€u thic 23.8) sé cd dang:

AV

r

2;:0.5

K =

Khi cdc pic xen phu ldn nhau thi rdt khd xdc dinh 46 rong cia méi pic (hinh 23.3).
Trong trudng hgp nay ngussi ta ¢d thé ude lugng do tach theo hé thic:

hy '

trong dé:  k; - chiéu cao cia pic dng véi chdt cd ndng do bé;

h_. - chidu cao clha cyc tiéu.

min
Y nghia ciia cdc dac trung rda giai o ¢

thé thay déi tuy thudc muc dich phan tich.

Trong phan tich dinh tinh, ngudi ta quan

tdm dén viée xde dinh cde dac trung luu

(thai gian Iuu, thé tich luu) nén cdn tranh

viéc lam méo gia tri eda dac trung lvu do

S ¢6 mit cdu tit thd hai. Trong phan tich i t

dinh lugng ngudi ta lai chi trong dé€n viéc

xac dinh chinh xac dién tich hay chidu cao

cua pic sic ki.

bmfn
2

Hink 23.3. Xdc dinh a0 tich y.
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23.3. Co sd 1i thuyét cita phuang phap séc ki

Ngoai co ch& héa hoc xay ra trong cdc qud trinh sdc ki, con ¢é nhidu i thuyé&t mo
t4 mot cdch hinh thie qua trinh phan tich séc ki nhung ngudi ta chd y dén phuong phap
dia lithuy&tva i thuy&t dong hoc. Ding céc If thuyét nay ngusi ta cd thé giai thich mot
cdch t8ng quat sy phan b cia cdce chét trong qu4 trinh sac ki.

23.3.1. Li thuyét dia

- Phuong phap I thuy&t dia dau tién duge dung d€ moé ta qud trinh x4y ra trén cot
chung cdt. D&n nam 1942 Martin va Singe d& nghi dp dung Iy thuyét dia vao qua trinh
gdc ki

Theo li thuy&t dia, ngudi ta tudng tugng chia cot séc ki theo chidu doc cla ¢4t thanh
nhi®u 16p, méi 16p duge goi 1a dia. Trong méi dia, can bing vat chat duge thiét lap rat
nhanh giia pha dong va pha tinh. M&i phan pha dong méi duge dua vao dia s& lam dich
chuyé€n can bing va do d¢ c6 mot phan vat chat duge chuyén sang dia sau. O dia nay
can bang méi lai dugce thist lap va vat chét lai duge chuyén sang dia sau nia. Do két
qua cda cde qud trinh vita mé ta, chit can tach s& duge phan b trong mot s6 dia, trong
s6 dia nay, cac dia ¢ phan giita co néng d6 cyc dai so vdi cac dia lan cén. Sy phan bs
ndéng dd chét nghién ciu doc theo cot tuan theo phuong trinh:

C=C e‘(’«"“‘o)%’Z]H (23.10;

n1ax

trong d6: x - khodng cach tif dau cot dén didm, tai d6 néng do chdt nghién ciu bang
G
Xy - toa dd cua tam dai sac ki;
H - chi®u cao tuong duong cia dia li thuyét;
[ - chigu dai cia lop chdt hip phuy, tudng tugng duge chia thanh n dia |
thuyét.

theo do n = — (23.11)

Né&u tf cta phén s6 trén s6 md cia cdc phuong trinh (23.3) va (23.10) ¢6 cang don
vi do thi khi so sanh cdc phuong trinh nay ta cd:

2
M
H=— vasgdiali thuyét sé bang:
e
= (=) (2312
n = (ﬂc) (23.12)
Néu chi y dén phuang trinh (23.4) thi:
L2 {2
n o= 5’55(@) = 16(;) (23.13)

W =y = B'F’ trén hinh (23.2)

Higu qua cla cot cing cao néu chidu cao tugng duong cia dia li thuyét cang be.
Vay li thuyét dia cho phép tinh todn edc dic trung quan trong clia qué trinh sde ki.
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Tuy nhién I thuy&t dia mang tinh hinh thic vi nd ¢d tinh gian doan, trong khi qua trinh
shc ki lai ¢6 tinh lién tuc. Li thuyét dia cling khong chi § dén céc y&u t6 khac trong va
ngoai cot anh hudng dén sy dan réng cha vung séc ki nhu kich thude cac hat hdp phy,
van t6c pha déng, sy khuéch tan v.v...

23.3.2. Li thuyét déng hoc

Sy ra doi cda li thuyét dong hoc da bd sung cic thidu st ctia phuong phap li thuyst
dia. Cae dac trung ciia If thuyét dia vin git nguyén ¥ nghia trong phuong phdp li thuyét
dong hoc. Li thuyst dong hoc dya vido méi lién quan cla chigu cao tudng dudng cua dia
) thuyét vdi cdc y&u t6 dong hoc nhu qua trinh khuéch tén, sy cham thiét lap can bang
va tinh khong dong déu cia qua trinh.

Chigu cac tuong duong cia dia ly thuyét phu thudc van téc dong cia pha ding U
duge mo td bing phuong trinh Van - Deemter:

B
H=A+—+ CU (23.14)
U

trong dé: A, B, C - cac hang s6;
U/ - van tdc cia pha dong.

Hang s6 A lién quan v6i tde dung cua
khuéch tan xody, ma khuéch tdn xody lai
phu thugc kich thudce hat hdp phu va mat dé
nhéi cot.

B lién quan véi hé s6 khuéch tin cua
phan t trong pha dong va cd chiu anh
hudng cta tdc dung khuéch tan doc cht.

C dac trung cho qué trinh hdp phu va
giai hdp, qué trinh chuy&n khdi va mot s6 Hinl 23.4. Sy phy thude chifn cao dia
y&u t& khac. Ii thuyft twong dwong vivi téc 46,

Anh hudng clla mébi y&u t6 thanh phan
ciia phuong trinh dén H phu thudc téc d¢ pha dong duge trinh bay trén hinh (23.4)

Thanh phan thi nhat (A) ¢é Anh hudng khong thay d6i dai v6i H. Thanh phan thu
hai (B) ¢6 4nh hudng thuc sy dén H khi tdc do dong bé. Khi tang van téc pha déng, anh
huéng thanh phin thd ba tang 1én cdn thanh phan thd hai gidm. Dudng cong tdng hgp
bidu dién sy phu thudce cia H véi van t8c dong cha pha dong cd dang mdt hyperbol,
- (hinh 23.4). Voi téc do dong khéng 16n, chidu cao H cia dia li thuy8t trudc hét gidm,
sau d¢ lai tang. Vi hiéu qua cia cOt cang cao khi chidu cao clia dia li thuyét cang bé
chinh dng véi cue ti€u chia dudng cong nay. D& tim van tdc dong téi uu, ta lay vi phan
phuong trinh (23.14) theo U ta cd:

di -B
— = + C
avU U
Cuc ti€u xay ra khi
dH
— =0 tdcla
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B
N

Thay gia tri U, vao (28,14) ta sé tim thdy chidu cao t5i vu cta dia ly thuyét sé la:
Hy, = A + 2VBC (23.15)

Vay li thuyét dong hoc tao o s& d€ t8i wu héa qu4 trinh sac ki. Thuc vay khi két
hop (23.14) va (23.15) ta thdy:

1) Dai lugng A trong phuong trinh khong phu thuée van téc dong;

2) Khi van téc déng 16n, thanh phian CU s& trd nén rit I6n, dé hidu qud cua cot sé&
kém do céc chit khéng kip trao d8i va can bang trao ddi chwa kip thist lap;

3) Néu van téc dong qua bé thi s6 hang B/U s& trd nén 16n, nghia la viang sée ki bi
dan rong.

Vén t6c dong t6i wu duge x4c dinh bang (23.15). Van tdc dong téi uu trong sic ki
léng thudng bé hon trong sic ki khi 10% 13n nén trong sic ki 1éng thai gian phan tich
kéo dai hon trong séc ki khi. Hién nay nh¥ ki thuat sdc ki 1dng cao 4p, ta ¢S thé tang
van téc dong ma hiéu qua tach vén tét vi od thé tdng d6 dai cia cot.

Ngoai cdc y&u t6 vita néu con cd cae yéu t6 khac la y&u t8 ngoai cot lam dan rong
vung séc ki,

4) D6 tap trung cia miu khi dua vio o6t (hodc trén gidy, trén 16p mong) & 16p dau
cot, néu miu dua vao cang loang réng thi cung cang bi dan rong;

5) St phu thuée cia hé s6 phan bd vao ndng d¢ chdt. Digu nay thudng xay ra vdai
sdc ki 1éng, lam cho pic sde ki khong con d6i xing khi tang néng dé. Do dd khong nén
tach sic ki v6i cdc dung dich co néng do qui lén.

khi van t8c ddng t6i uu Uy:

23.4. C4c thiét bj dung trong phuong phép s#c ki

Cédc thist bi dung cho sée ki gidy, sac kl 1ap méng thudng khé don gian, ¢d thé tu
p rap ¢ cdc phong thi nghiém hda hoc b4t ki. Voi cdc loai sdc ki khdc, cdc thist bi cd
thé kh4 phitc tap nhung théng thuding ¢cé mot s6 bd phan chinh sau day: bé nap méuy,
cOt sic ky va detecto. Ngoai ra trong thiét bj con ¢ cdu tric dé nap khi mang hay dung
moi, bo chuyén ddi cdc xung cia detecto thanh cdc chi 86 do can thist.

Bo nap miu cho phép l&y chinh xdc lugng mau dua vao cot sde ki, Mot trong ecdc
yéu cau chinh cia bd nap miu 1a phai dam bao lap lai v& kich thuéc miu va giit duge
diéu kién nap méu vao cot khéng thay ddi. B& mat bén trong bd nap miu phai khang
6 cac tdc dyng hdp phu cing nhu cac hoat dong xic tac lam thay ddi thanh phan miu
phan tich. V&i cde chat khi, chat 16ng, ngudi ta thudng dung loai bom déc biét, cé thé
ldy cac thé tich m4u tit mét phan dén hang chyc microlit. Khong higm trudng hgp, ngudi
ta s dung bom tiém y t& d€ ldy mdu va dua may vao hé théng sdc ki.

Céac qua trinh tach sic ki thudng dugc thue hign trén cot sc ki. Csc cbt sic ki rat
da dang v& hinh d4ng, kich thuse va vat lidu ché tao. Ngudi ta thudng dung loai cot
thdng, cot dang xodn ... Chidu daj cOt cd thé tit mét, vai mét... dén hang chuc mét.
Dudng kinh trong clia cot ¢6 thé tit vai milimet dén hang chuc milimet. Ty thudc tinh
chdt ctia hé théng phan tich, vat lidu ché tao cot o6 thé 1a thép, dong thau, thay tinh
v.v... Vat ligu ché€ tao cét phai bén héa hoc, tro déi véi thanh phan cia méu phan tich
v.v...
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Cac chat hap phu nhdi vao cot phai cd nhitng yéu clu sau day: cd tinh chon loc can
thist d&i voi thanh phin miu nghién citu, cé d6 bén cd hoe, bén hda hoc va tro hda hoe
véi cac cdu tit trong mau phén tich. Trong thuc t& ngudi ta thudng dung nhom oxit,
silicagel, than hoat tinh, cdc polime x6p trén cd sd polistyrol, divinylbenzen va zeolit
téng hgp v.v... Viéc chon ch&t hdp phu tdy thugc trang thdi tap hgp cua cdc pha, cac
phuong phap sdc ki va cac y&u t6 khéc.

D6i voi sdc ki khi thi nhist dé rdt ¢d Anh hudng dén qua trinh tach, vi vay cdt sic
ki khi thudng phai duge 8n nhiét. Thong thudng trong sic ki khi nhiét do thudng duge
gi& & nhiét do phong, nhung cing cd trudng hgp phdi 8n nhiét § nhiét d6 0°C hosc ¢
nhiét do cao hon nhiét d¢ phong...

Trong sic ki gifly, sic ki 16p mdng va vai dang séc ki khac, gifly va 16p mong, cdc
chat h&p phu duge trai thanh 16p mdng d€ lam chic nang cla cot sic ki,

Ngudi ta diing detecto dé phat hién su thay d6i thanh phiin cdc chat thoat ra khoi
cot (hodac la chdt khi hoac la dung dich). Chi s6 cta detects thudng dugc chuyén thanh
tin hiéu dién va duge ghi lai bing cac mdy chi thi thich hgp. C4c dac trung quan trong
cua detecto 1a 46 nhay, gidi han do tim, quan tinh va pham vi phu thudc tuyén tinh gitta
cudng do tin hiéu véi ndng d6. Detecto ¢d th€ lam vigc theo ki€u vi phan phan anh sy
thay d8i titc thoi ctia ndng do hoac theo kiu tich phan chi sy thay déi tdng cong cua
nong d6 sau mot khodng thii gian ndo dd.

Trong cac detectd tich phan d€ phan tich khi, chat khi thodt ra khoi cot sé duge
h4p thu nhd mot dung dich thich hgp, sau dd hodc phan tich dung dich hap thu hoac do
thé tich khi con lai khong bi hdp thu. Thi du néu khi mang la CO, thi sau khi khi di
qua cot ngudi ta cho khi suc qua dung dich NaOH hoac KOH sau dé do thé tich khi con
lai. Uu di€m quan trong clia ki€u dete. i tich phan nay la don gidn, mién phu thudc
tuyén tinh giita chl s§ cua detecto véi nong dé khd réng. Nhuge digm cta loai detecto
nay la quan tinh dédng k€ va d6 nhay thdp. Vi th& ngay nay ngudi ta it ding loai detecta
tich phan.

Céc detecto ki6u vi phan bao gdm loai detecto 1am vige theo ki€u din nhiét, theo
mat do, theo d& din dién, theo d6 ddn nhiét cia ngon lita, ngon lita ion hda va cdc loai
detects ion hda khae v.v... Viéc chon detectd phu thubc tinh ch&t cha hé nghién ciu,
trang thai t4p hgp cla cdc pha va cac dac di€m khéc cia hé.

23.5. Sac ki long dang cot
23.5.1. Pdc diém chung ciia sidc ki long dang cét

Trong phuong phap sic ki ¢8 di€n, cot sdc ki thudmg 14 nhiing ong thiy tinh dudng
kinh d = 0,5 + 5 em va ¢d d¢ dai Z = 20 + 100 cm nap day chdt hap phu va pha dong.
Pha dong chuyén dong duéi tac dung cia trong luc. Téc d6 chuyén dong cia pha dong
dugce digu khién nhd van l4p & phia dudi cia c6t. MAu phan tich duge dua vao & phan
trén cua cot. Trong phuong phdp ria gidi hogc rita ddy, trong qud trinh cho dung dich
rdia chdy qua c6t sé xdy ra sy phén li, tach cdc cdu ti. Ngudi ta thu thap dung dich
thoat chay ra khoi cot trong ting khodng thoi gian xdc dinh, tién hanh phan tich néng
dé cac cfu tit bing cac phudng phép thich hgp va xay dung do thi hg toa dd: nong do
c&u tit nghién ciu C - thé tich dung dich thoit V (dd thi C — V). Ngay nay nho ¢ cac
cai tifn ve thist bi nhu dang cot, cdch nap mau, chat hdp phu... ngudi ta da nhan duge
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cdc két qua phéan tich ¢6 46 nhay, d6 chon loc cao hon va duge goi 1a phuong phéap séc
ki léng cd hiéu qua cao. Day 1a mot trong cdc phuong phap phan tich chinh d€ phan
tich cac chét hitu co.

Thié&t bj hién dai ctia phuong phap séc ki long higu qua cao bao gém: hai may bom
3, 4 (hinh 23.5) duge digu khién bang bo vi xit 1y 5 theo mét chuong trinh chon trude.
Thanh phéan va téc d6 nap dung dich rifa vao hé thdng séc ki duge digu khi&n theo cdc
¢h& d6 chon trude theo chuong trinh {tuyén tinh, lay thita hay mdi quan hé bt ki nao
dd) tiy thuge didu kién phan tich. D§ tang nhanh téc do phan tich miu, ngudi ta dung
cdc bom cd 4p sudt cao (dén 40 MPa). Mau duge dua truc ti€p vao dong dung dich rita
nhd cdu tric phun dac biét 7. Sau khi qua cot sic ki 8 cdc ch&t phan tich duge db tim
bang mot detectd (may do tim) es do nhay cao 9. Tin hiéu sic ki duge ghi lai nho mét
cdu tric ghi, thudng la mét may tinh c4 nhan 17. Khi can thist ngudi ta cd thé thu
thap ting phan dung dich thoat mot cdch tu dong theo yéu chu. Trong phuang phéap sdc
ki 1dng hiéu qua cao thuong ding ap sudt cao nén doi khi ngudi ta goi la phuong phap
sdc ki 16ng cao 4p.

Hinh 23.5.
12 - binh dung dich rira;
34 - bom; 5- bd digu khikn;
6- budng trn; 7- Gng phun;
8- cot sdc ky; 9- detecto;
10- b gh;
11- khdi x(r I§ k&t qua phan

tich;

12- b thu sin phiny;
13- Bn nhiét.

Cot sée ki

Trong séc ki long hiéu qua cao, cot sic ki thudng dugc ché tao béing thép khéng gi
cd dudmng kinh trong 2+ 6 mm va dai 10 - 25 c¢m, mat trong phai duge danh bong. Cot
dugc nap céc chdt hdp phu véi cde hat cd kich thuée 3,5 hay 10 micromet, thuing cd
dang hinh cau. D& nap ch4t hdp phu vio c6t ngudi ta phai bom chédt h&p phu & dang
huyén phiu trong dung méi chon trude vai 4p suéit 80 MPa. Nhitng cot loai nay c6 kha
ning tach rit cao (40 + 150.000 dia H thuyét cho 1 m c6t) gédp hang tram lan leai cot
md binh thudng.

Detecto

Trong séc khi 1dng ngudi ta thuong ding céc quang ph8 k&€ do quang cd d4 nhay
cao, nhd d6 ¢é thé nhan dang cdc hgp chédt dén nong d6 cuc nhd 1010 M trong mién
dnh sdng t& ngoai dén nhin th&y (mign quang ph8 190 + 800 nm). D& db tim cac chat
khong mau (khéng co higu dng phé hdp thu) ngudi ta cd thé dung céc may do chiét suit
vi sai. Khi phan tich cdc chdt cd kha nang oxi hda - khit ngudi ta ding cac bo db tim
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dién hda (do dién thé&, cuc phd). Ngudi ta ciing ding cdc b¢ do tim huynh quang, do do
din dien. B6 do tim ki€u do d6 din dién thudng duge dung trong séc ki trao ddi ion.

Pha tinh

Pha tinh dung trong s&c khi 1ong thudng phai khéng hoa 1&n v6i pha dong, phai bén
cd hoc va héa hoc trong didu kién phan tich, phai ¢ do chon loc di cao. Pha tinh trong
sic ki 1dng cd thé & dang rdn hoic & thé long. N&u pha tinh & dang rén, ta cd séc ki
i6ng - rén con néu pha tinh & thé 16ng ta cd dang sic ki 1dng - 1éng. Pha tinh dang TAn
thusng ding cdc chdt hip phu la silicagel, nhém oxit hay mét s6 chdt h&p phu bién tinh
v.v... Néu pha tinh 12 nhya trao d8i ion ta cd cdc loai sde ki dac thi la sdc ki trao déi
ion va sdc ki ion.

_Trong séc ki long - 1ong ngudi ta ding pha tinh & thé 16ng hay chinh x4c hon 1a 16p
pha léng tao thanh mang trén b8 mat chit mang rdn nap sdn trong cot.

Pha tinh rdn thudng diung la:

Silicagel

Day 12 loai pha tinh duge sit dung rong rai trong dang sdc ki 16ng - ran. Silicage!
¢6 cong thie héa hoc Si0,. xH,0 day chinh la axit silixic, thude loai chdt hdp phu dac
thit. Su hdp phu cdc chit 1én bé mat cac hat silicagel do sy xudt hién lién két hidro gitra
phan t cdc chdt nghién ciu va b& mit cac hat silicagel v6i nhom = SiOH. N&u lién két
hidro xufit hién cang nhidu thi cdc phan ti bi git vao cdc hat chdt hdp phu cing manh.
Trong sic ki 16ng - rdn ngudi ta thudng dung céc loai silicagel véi dign tich bé mat 100
+ 700 m?/g. Silicagel cd tinh axit (pH = 3 + 5) nén hdp phy t6t cac hop chédt cé tinh
bazo hon 13 cde hop chidt ¢ tinh axit. Silicagel thudng duge sit dung d€ tach, phan li
cdc hop chédt cdc ho: hidrocacbon, rugu, phenol, andehit, axit hitu co, amin, lipit, cac
phdc chit v.v...

Nhém oxit

B® mat ciia chit hdp phu nhém oxit 12 hgp chét ¢d tinh phan cyc manh (do céc ion
nhém va oxi) tao nén mét trudng tinh dién manh, Chit hép phu trén co 0 nhom oxit
hdp phu manh cac hidrocacbon khong no, cdc hidrocachon mach vong (14 nhing phan
t 6 cdu tric dién tu hén tap) hon silicagel.

Céc chdt hdp phy bién tinh

Trong sac ki 10ng hiéu qua cao ngudi ta thudng dung cdc chat hdp phu bién tinh
trén co sd silicagel nhu:

(D (In

[ |
Si - O — Si - (CH,CHy; Si — 0 ~ Si — (CH,,CH,;
} ‘

) av
| !
ESi-o—§i—(CH2)—© . =8i-0-Si- (CHp, — NH,;
: :

v
Si — O - 8i - (CHy; - CN.
| :

Pay 1a cdc chét hdp phu ¢d tinh chon loc cao.
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Véi cae chdt hdp phu dua trén silicagel bi&n tinh, can bang hdp phu - giai hip duge
thiét 1ap nhanh hon silicagel thuong, d¢ lap lai cia cde ket qua tach cao hon silicagel
thuting. Cac chdt hdp phu thuding la céc hat dang hinh cau ¢6 kich thuse trong khoadng
hep 3 £ 0,5;5 + 1; 10 + micromet) va dién tich be mat 200 « 600 m/g.

Trong céc chat hdp phu bién tinh k€ trén thi cac chdt h&p phu bang c4c hidro cachon
mach thing (I), (II) va hidrocabon mach vong thudéc nhom chat hap phu khong phan
cue. Cdc chdt hdp phuy loai nay cd ai luc manh vdi cac hop chit ki nuéde.

23.5.2. Sic ki Ipng - rin

Phuong phép séc ki léng - rdn trén c6t thudng duge st dung d8 tach va phan tich
cdc hgp ch&t hitu co. C6 hai cdch sit dung séc ki léng - rdn: phuang phap st dung chét
hap phu phan cuc k&t hop véi dung dich rua khéng phan cuc (thuan pha) va phuong
phdp ding ch4t hdp phu khéng phan cuc két hop véi dung dich rita phan cye (nguge
pha).

Trong phuong phdp dau, thsi gian luu
(thé€ tich luu) va do chon loc caa qué trinh
tach do lién két dac thi (chu y&u la lién 18t
hidro) gifta cdc chdt can tach véi pha tinh
va lién k&t khéng dac thi (cta chdt cin
tach) v6i pha dong. Kha nang tucong tic cia
phan hoat dong ciia phan ti can tdch véi
tam hdp phu cia b® mat pha tinh phu thuse
nhidu vao ciu triac khong gian ciia chat can
tach. Nh& vao dac di€m nay ma ngusi ta cd
th€ thyc hién viéc tach cdc dong phin bang
phuong phdp sdc ki 1éng - rdn trén cot (hinh
23.6).

Viéc tang s6 nhoém chde trong phan ti
$& lam tang kha nang luu céc chat trén cht
do tang kha nang tao lién két hidro gitta céc
phan td véi chdt hép phu. Trdi lai khi ting
d$ dai clia mach cacbon ctia nhém ankyl thi
d6 lvu sé giam vi khi d¢ tuong tac dac tha
cia hé chdt nghién edu - chat hé&p thu hdu  Hink 23.6 Tich polioxibenzen: chit hip phu

nhu khéng thay d8i ma lién két khong dac silicagel - dung dich riva: hexan, clorofom,
thu cda hé chét rita - chdt nghién ciu lai sopropanol (78: 20: 2)
ting.

Trong séc ki 1éng - rén, viec chon ding chdt lam dung dich ria cung quan trong
nhy viée chon chdt hap phu. O day cd su canh tranh citia kha néng tao lién két giira
phén tit chdt nghién citu véi pha tinh va ché&t hdp phu rén. Thue nghiém chitng minh
kha nang rita cia dung dich rda phu thuse héng 56 dién moi ciaa dung moi. Vé6i cac dung
méi cé hang s6 dién moi lon, kha nang rita t6t hon cic dung méi ¢ hang s dién moi
bé. Trong sd cac dung méi lam dung dich ria thudng ding: cédc hidrocachon no (hexan,
heptan) teracloruacacbon, clorofom, rugu etylic, metylic, nudc thi kha nang rita cda dung
mdi ding sau thudng 16n hon dung mdi diing trude. Kha ning rita cia dung mdi cing



354 PHUONG PHAP SAC Ki

tang lén khi thém mot lugng khéng 16n 14m dung moi phan cyc manh hon vao dung
mdi it phan cve.

Trong trudng hgp chat hdp phu khong phén cue, ngudi ta hay dung nu6e hoac hén
hgp nuéc - dung mdi hitu co nhu hdn hop nube - rugu, nudc - axetonitryl, nude -
tetrahidrofuran lam dung dich ria. O day hop chédt nghién cdu cd tuong téc khong dac
thi v6i pha tinh ki nudc (ta dung méi). Mot trong nhitng co ché luu gir chat nghién
cdu trén cot 1a tuong téc cia mach cacbon no va dung méi cia chdt hdp phu voi bo
phan khéng phan cuc cda phan tit chdt nghién ciu. Cdc nhém chide phén cyc trong dung
dich rita cd kha nang tao lién két hidro vdi phan t nuéc. Sy tang s& géc ki nude sé lam
tang kha nang tuong tdc cia phan ti chdt nghién ciu vdi chdt hap phu khong phéan cuc
va lam tang kha ning lwu gilt chdt nghién ciu trén cét. Nho dac di€ém nay ma véi viée
st dung sdc ki 16ng - ran ngudc pha, ngudi ta cd theé thue hlen vigc tach cic dong ding
(hinh 23.6).

St tang s6 nhém chic phan cuc sé 1am tang tuong tac ciia chdt nghién cdu v6i pha
déng do dd 1am gidm kha nang luu gitt chdt nghién ctiu trén cot. Thanh phan cia dung
dich rira vita c¢d anh hudng dén d¢ luu gilt ciing nhu dé chon loc cia viée tach cac hap
chat trén pha tinh khong phan cuc. Khi tang thanh phan hitu co trong dung dich thoi
gian luu gidm.

Khi thay d6i dung dich rita khdac nhau, cin bang trong sic ki nguge pha thiét lap
nhanh hon trong sdc ki thuan pha nhiéu lan, chinh vi vy ma ngay nay trong thuc t&
phan tich sic ki ngudi ta diung sac ki nguge pha v6i dung dich rita 14 nudc va rugu -
nudc.

Trong séc ki 1ong - rdn ngudi ra hay dung detectd ki€u quang phé do quang. Viéc
phan tich dinh tinh thutng duge ki€m q,.h nhd chat chuén theo thu tuc ti&€n hanh song
song. Vieéc phan tich dinh lugng thudng duge tién hanh theo thu tuc cia phuong phap
dudong chuén voi viéc do chidu cao hoac dién tich cla pic sdc ki,

Phudng phap séc ki 1dng - rdn thudng duge st dung dé€ phan tich cdc hgp chét hitu
co trong cong nghé cac hgp chdt hitu co nhu: xdc dinh cac thanh phén trong dau mo,
cde hidrocacbon, dé€ tach cac dong phan frans, cis v.v...

Phuong phap séc ky hap phu léng (séc ki long - rdn) déng vai trd quan trong trong
viéc tach, phan tich cdc hogp chédt khi bay hoi, cac hop chét it ben. Dac biét trong nhing
nam bay muoci tro lai day, viéc xuat hién sic ki 16ng cao ap cho phép tach rdt hieu qua
cdc hgp chat khong phan cue hoac it phan cue.

23.6. Sic ki trao déi ion

S&c ki trao ddi ion 12 mot dang séc ki 1ong - ran. V& ki thuat va cdc thiét bi thi sac
ki trao d8i ion ciing giéng nhu cdc ki€u sic ki 1éng - rdn ndi chung. Digu khac bigt &
day 1a pha tinh, 12 mét loai hgp chédt cd kha nédng trao déi ion (cation va anion). Qua

trinh sic ki xay ra dua vao phan ung trao ddi ion gita cac thanh phén trong pha doncr
va chét trao d8i ion nap sén trong cot sic ki. Du hién tugng trac déi ion duge ph4t h_len
tit giita thé ki 19, nhung viée si dung rong rai hign tugng niy vao thuc té chi bat dau
ti khi nguti ta ché tao duge cic chit trao d8i ion tong hop la nhya trao ddi ion hay
con goi 13 céc ionit. Cac loai chit trao ddi ion thién nhign duge ding trude do (nhu céc
aluminosilicat) khéng du lap lai va khéng bén hda hoc nén khong cd ¥ nghia thue té
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miy. Chét trao déi ion tdng hop ¢d cde vu di€m ma cic loai chét trac d&i ion thién
nhién khong co nhu: dung lugng trao déi 16n, du lap lai, cd tinh bén g hoc va hda hoc
(chiu dugc tac dung cla axit, kigm, khéng bi phan hiy dudi tac dung cua cac chit oxi
héa - khit v.v..).

23.6.1. Cdc loai nhua trao déi ion

Cac loai nhua trao déi ion thudng 1a cdc san phdm déng trung hgp gita cac phan
1l styrol va divinylbenzen hoac nhya phenolformaldehit ¢6 gén cac nhom chic khac
nhau. Tuy thudc ddu ctia cdc nhom chie ma ngudi ta cd duge cac ionit khde nhau. Ngudi
ta phén biét cationit la nhitng ionit ¢d kha ning trao d8i cation, con anionit la nhiing
ionit cd kha nang trao d6i anion.

Cationit 12 nhitng ionit cd chda nhém chuc axit nhu ~-805, -C0;, -POj7,
—N(CH,CO3), vay bd khung ctia cationit ¢é nhém chic tich dién am. Dién tich am cta
bo khung duge bu bang dién tich duwong cla ion trai ddu nén v tong thé, cationit la
trung hoa dién. Do cdc ion duong cha cationit ¢6 tinh linh déng {khac véi nhdm chue
tich dién am cia bo khung) nén cd thé chuyén vao dung dich va xay ra phan ing trao
dé’i' vOi lugng cation tuong duong trong dung dich. Hién tugng trac déi ion nay dua dé&n
su thiét 1ap can bing dong gita cdc cation c6 trong nhua va cation cd trong dung dich.
Ngay nay loai cationit diing phé bién nhit 1a cationit dva vao su sunfon héa cac san
phdm dong trung hgp cha styrol va divinylbenzen nhu cic loai Dowek - 50, Imberlite -
120 v.v... Dac diém cha cdc cationit sunfonic 1a cg d¢ b&n co va héa hoe cao, van tée
thiét 1ap can bang phan dng trao déi ion lén.

Cac ionit ¢ kha nang trao ddi anion duge goi 13 cdac anionit. Nhdm chidc trong bd
khung cda anionit 1a cdc bazo amoni bacbon —NR7;bac ba —NRJ; bac hai —NRHY va
bac mot NHY, piridin hosic cac bazo hitu cd khdc. Ton trai déu linh dong 1a cac anijon.
Céc anionit eing thudng 1a san phadm trung hop hoic ngung tu cia cde hgp chit amin
khac nhau (nhu phenylendiamin, polietilendiamin...) vai fomandehit nhu cdc loai anionit
Dowek -1, 21K, Imberlite IRA - 400, 401 v.v...

Ngudi ta ciing dung céc ionit ¢d nhidu nhém chic, k& ca cdc ionit ludng tinh 6 kha
nang vua trao d6i cation vita trao d6i anion. Cée ionit nay thudng la san phdm da tuy
gita dietylen triamin phenol v&i fomandehit va trong thanh phin cia ionit vita ¢6 nhom
amin vita ¢ nhém axit y&u nhu axit phenotlic...

Ngudi ta ciing ché tao cdc ionit ¢6 kha nang tao phic v6i cdc cation kim loai bang
cach gin vao bo khung cdc nhdm chic ¢ kha nang tao phdc nhu gdc cha axit xitric,
axit tactric, EDTA v.v... Céc loal ionit ¢ nhém chie ~CH,~5H ¢6 lién k&t chon loe véi
cac cation ¢6 kha ning tao cdc sunfua kim loai khd tan.

Vi cdc cationit ngudi ta con phan biét cationit axit manh (¢d chita nhdm —50,H),
cationit axit trung binh (¢ chda nhdm —PO;H) va cationit axit y&u (¢c6 nhém —COOH).

Anionit cd cdc loai anionit bazo manh (chda nhém —N(CH;)$), bazd trung binh va
bazg y&u (tuong @ng ¢d cde nhom —NH(CH,)7 va NH, (CH*)

Céac ionit c6 mot s6 dac trung quan trong sau day;

1. Dung lugng trao déi

C6 thé& coi dung lugng trao déi x4p xi bang s6 nhom chitc cua bd khung vaA muc do
ion hda cta nhdm chie & pH x4c dinh. Dung lugng trao déi cd thé duge bigu didn bang
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s6 mol dudng lugng (hay milimol duong lugng) cho don vi khdi luong hay don vi thé
tich ionit khi trao d8i dat can bing. Trong hda hoc phan tich, dung lugng trao ddi thudng
dugc bi€u dién bang s8 milimol duong lugng cho 1 gam nhya kho dang H* (véi cationit)
hode dang Cl- hoac OH- (vdi anionit). Vige quy udc cho nhua kho 1a can thiét vi khi tiép
xiic v8i nudc nhua thudng bi truong tit 1,5 dén 2 1an hodc hon. (D&i voi vai loai nhua
¢ thé 16n hon 5 1&n).

Ngudi ta phan biét dung lugng trao déi tinh la dung lugng trao déi cua nhya dugce
xdc dinh trong digu kién tinh: ngudi ta cho nhya vao dung dich ion bao hoa va l4e cho
dén khi nhua trao déi dat trang thai bio hda. Con dung lugng trao ddi déng la dung
Iutgng trao ddi duge xdc dinh trong didu kig¢n khi cho dung lugng bao hda chay qua cot
da nap ionit & dang xdc dinh. Dung lugng trao d6i nay dude tinh theo ion trao ddi dau
tién xudt hién trong dung dich thoit. Dung lugng trac ddi toan phan la dung lugng trao
d8i duge xdc dinh trong dizdu kién déng khi dung dich thoét d4 bido hoa ion trao déi. Cac
ionit thudng cé dung lugng trao d6i tit 1-10 milimol duong lugng cho 1g nhya kho.

2. Tinh truong ctia nhua

Nhu trén da ndi, khi cho ionit tigp xtc v6i nude thi ching $é truong lén do ngam
cdc phéan tlt nuéc vao cac 1§ x8p cla nhua. D xdp cia nhya lai phu thuoc 86 lién két
ngang tic 1a thanh phin lam clu n6i cdc mach polime dai v6i nhau tao nén cdu tric
khong gian cia nhya. Thi du & loai nhya trén co sé polistyrol - divinylbenzen thi cac
phan tit divinylbenzen 1am nhiém vy ciu ndi. Ngudi ta thudng ki hiéu s6 lién két ngang
trong nhya biing chit X va tiép sau dd la con s6 chi s6 phan tram (%) cda lién k&t ngang
trong bo khung cta ionit. Thi dy v4i loai nhya cd ghi X10 1a cé 10% divinyibenzen trong
bd khung. Céc loai nhya trao ddi ion ¢6 tit X1 + X30 nhung thong thudng tit X8 - X16.

Nhua ¢6 sd lién két ngang cang bé thi kha ndng truong cang ldn. Vi du loai nhya
¢6 lién k&t ngang X0,5 - X2 bi truong tiu' 5 + 20 lan trong khi nhua X15 + X20 chi
truong 1,5 1an khi ti€p xic véi nude.

D¢ truong cia nhya ciing phu thugc ban chit ciac nhém chic trong bo khung. Vai
c4c nhya cd cung s8 lienkét ngang nhung ¢é nhdm chic dé bi hidrat hda sé truong nhidu
hon. Thudng thi cac nhom chie ¢d dién tich 16n dé bi hitrat héa hon cac nhdm chic cd
dién tich bé. Tuy nhién anh hudng cia nhém chic dén d9 truong clia nhua chi thé hién
ré & cédc ionit cd 6 lién k&t ngang bé (X < 10).

3. Tinh chon loc cia nhya trao déi ion
Tinh chon loc ctia nhya trac déi ion bi€u hién & di luc cua nhua véi cac ion. Nhua
o thé trao ddi véi ion nay trong dung dich dé hon ion kia. Ai lyc tudng d6i cia cac ion
v8i nhua cd thé sip x8p thanh day d&i véi tung leai nhya.
a) Nhua sunfon: Trong dung dich loang va & nhi¢t o thusng thi:
- Ai lye ctia cac cation véi nhua tang khi dién tich cde cation tang.
Nat < Ca?* < AI3* < Th#*
- Véi céc cation 6 cing dién tich thi 4i luc trao d6i tang khi ban kinh cdc ion tang:
Li < H*< Na*< NHj <K' <Rb* < Cs" < Ag' <TI*.
Mgt < Ca?t < Sn®* < Ba?*
A3t < Fe®.
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b) Nhya c6 nhém cacboxylic, aminoaxetat: Céc loai nhya nay ¢d nhdm chiie ¢d kha
nang tao phitc véi cdc cation kim loai. Ngudi ta tim thdy ¢d su phu thuge ciung chiédu
cua ai lye clda nhua vdi cdce cation kim loai theo d6 bén cha phie ctia cde nhdm chic
v0i jon cac kim loai. Thi du véi loai nhya ed nhdm cachoxylic ta cd day:

H* > Ca?* > Mg?* > Li* > Na* > K* > Rb* > Cs*.
Véi cdc loai ionit ¢6 nhdm chdc la aminoaxetat ta cd day:
Hg?*> UOJ > Cu?* > Pb¥* > NiZ* > Cd%* > Zn?* > Co?t >
Fett> Mn?*> Ca?*> Mg2*> Ba*> Sn2* = Li* »Na* > K*;
¢) Vdi cde anionit bazo manh ta cd day:
F7” <OH” <« ClI” < NOjJ <« Br~ < I < S04
Véi anionit logi bazo yéu ta cd:
F™ < Br~ < I" < NOj < 80;" < OH-
V.V....
23.6.2. Cin bing trao 46§ ion
Khi cho nhya trac déi ion ti€p xdc v8i dung dich chédt dien li sé XAy ra cac tuong
tac khd phic tap cia dung dich dién li v6i nhya trong dd quan trong nhit cd cdc qua
trinh: trao ddi riéng ion, hép phu vat i cdc ion va phan ti 1én nhua, sy truong nhyua
do hién tuong hdp thy dung méi va sy tham nhap ctta chit dién li vao sau trong nhuya.
Trong cdc qua trinh vita néu thi qua trinh trao ddi riéng cdc ion la trao d8i hop thiec.
1. Chu trinh trao ddi
Gia st ta cd cationit dang R — H khi trao d8i véi ion kim loai, thi du ion Na*, ta
cd can bang trao déi
R - H(nh) + Na(‘ad)-.:R — Na (ahy + H(tm) (a)
{(nh) ki hiéu dang nhya, con (dd) ki hidu dang dung dich.

Trong qud trinh nay ion linh déng H* cta nhua duge thay thé bang ion Na* trong
dung dich dién li.

Né&u sau dd lai cho nhua dang R ~ Na tigp xic véi dung dich axit ¢ néng dé thich
hop thi ta od thé tai sinh nhua trg vé dang R — H ban dau:

R = Nag, + Hyy = R - Hy, + Nagy  (b)
Ta goi ca hai qua trinh (a) va (b) k&t hop thanh mét chu trinh trao d€i jon.
2. Héing s6 can bang trao déi ion '

Ta xét qu4 trinh trao ddi ion cia nhya dang R—A (R 1a géc nhua, ion linh dong
A*) v6i ion B* trong dung dich. Ta cd:

RA + B* == RB + A*
RA, RB ky hiéu dang nhya tuong dng, hay cing cd thé viet:
A* + B*=B* + A
A*, B* la c4c ion A*, B* & trong nhya cdn A*, B* dang cac ion tudgng dng trong
dung dich.
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Theo dinh luat tac dung khéi lugng ta cc:
(B [A"]
= X

© B A

= By

K, 12 hidng s6 can bang trao dai ion giita A va B.

Thi du cho cationit RSO,H trao ddi voi ion Na* trong dung dich, ta co:
RSO, — H + Na* —= RSO, - Na + H*
H + Na* — Na* + H*

o ey
Y NaT ()

3. H¢ 86 phan bé
Theo dinh nghia hé s6 phan bd 1a ti s6 ndng dé cha ion trong nhya vdi nong 4o ion
twong dng trong dung dich, thi du hé s6 phan b6 P, cta ion A* sé la

P o [AF]
b A
con hé s6 phan bé Py cha ion B' sé la:
[B*]
Py =
(BY]
Theo dd ta cd:
Py
Kam =
Py

So sdnh cac hé s6 phan bd cta cdc ion, ta ¢é th€ danh gid ai lyc tudng d&i cua nhua
v6i cac ion, thi du néu ta ¢d P;; > P, thi 4i lyc cia nhua véi ion B* 184 hon so véi ion
At

4. Hé sd tach

Né&u mot cationit dang R — A ¢6 kha nang trao d6i jon vdi cdc ion thi
thi khi choe RA tiép xuc vdi dung dich chia hai ion B*, C* ta sé cd:

RA + Bt — RB + A*

RA + C* —= RC + A*
_ [B] [C*]
B = va Pe =
(B*] - [C7]
Dé wée luong kha nang tach hai ion B* va C* ra khoi nhau ta dung hé s6 tach o
Trong trudng hgp vita néu hé s6 tich « duge xéc dinh bang
P
i

du B, C*...

P

X =

PC
Néu « 3 1 thi P;; 3 P va viéc tdch B* ra khoi C* thuc hién dé dang v4i loai nhua

vita xét.
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1
23.6.3. Ung dung siic ki trao d6i ion

Phuong phap sdc ki trao dgi ion chd yéu ing dung
d€ tdch cdc ion, thuding 1a cdc ion vo co. Vide xac dinh
ham lugng cae cdu ti sau khi téch cd thé thue hién bang
cdc phuong phéap thich hop.

1. Ky thugt sde ki troo ddi ion

Cing nht cac phuong phdp sde ki khde, sac ki trao
déi ion thudng dugc thuc hién trén cot sic ki. Trong sic
ki trao déi ion, qud trinh tich cdc jon cd thé thuc hién
theo phuong phdp tién luu, phuong phap ria ddy hay
phuong phap ria giai. Nhung thong thudng dé thuc
hién tach triét dé nguoi ta hay dung phuong phép rita
giai. '

Trong phong thi nghiém, cot sic ki trao déi ion
thutng 14 cac cot thuy tinh hinh try cd dudng kinh
trong va chigu dai thich hgp. Thong thudsng thi ti 1é giita
chigu dai voi duting kinh éng phai Ién han 10. Viec chon

—wi-}

Hinhr 23.7. Cot siic ki troo dbi ion.

dutng kinh dng tiy thudc muc dich ciia cong viée, & day 6ng phai 14p khda d€ thoat
dung dich. Duéi ddy éng thuong cd 16t 16p béng thiy tinh hay bi thay tinh d& ngan
khéng cho cdc hat nhua lot vao lam tie khda, Trong cot thudng nhdi cac ionit d dang
xac dinh. Véi cdc cationit dang nhya thudngla R - H hay R — Na, Cdc anionit thuong

duge chudn bj 6 dang R — OH hay R — Cl (hinh 23.7).

2. Cdac ung dung cia phuong phap sée ki trao déi ion

a- L;"ng dung dé tach ion

Phuong phap don gidn nhé4t d€ tdach céc ion 14 cho hdp phy cdc cdu tit ctia hén hop
bang ionit sau d¢ ti&n hanh rita gidi cac ciu tu bang cde dung dich thich hop.

Thi dy ta tién hanh tdch cac kim loai
kiém trong hén hgp nhu hén hgp Na*, K+,
Ta cho Na*, K* hdp phu trén dau ebt c
cationit dang R - H. Sau d6 tién hanh qua
trinh riia giai bAng dung dich rita HCI 0,1M.
Lic ban dau trong dung dich thoat sé khong
cd cde ion kim loai kigm. Sau dd mdi bat dau
xudit hi¢n ion Na*, sau khi ndng d6 Na*
trong dung dich thoat ghn bing khong méi

Na'
K +

biat dau cd ion K* trong dung dich thoat.
Qu4 trinh rita duge tién hanh dén khi dung
dich rita hét ion K*,

Qud trinh rita duge bidu dién ¢ dudng
cong thodt nhu trén hinh vé (hinh 23.8). Tu
dudng cong thodt ta thdy véi dung dich ria

V{HCL)

Hink 23.8 Dudmg cong thosdt clia Na®, KT
khi rira bling dung dich HCE 0,1 M.

la dung dich HCI ta c6 thé tdch Na* va K* ra khoi nhau,
Mat thi du khac 12 qua trinh tach cae ion Zr(IV) va Hf(IV). D€ ti&n hanh tach, ta
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cho céc ion tao phitc & dang sunfat rdi cho phic dang anion sunfat chay qua cét anionit.
Sau dd rita cot bang dung dich H,80, 1M cd mat Na,50,. Bang dung dich rita nay ta
thu duge hai phan dung dich thoat: phan thd nhét chda Hf (IV) phan thd hai chia
Zr(IV).

Bang phuong phap séc ki trao ddi ta cling cd thé téch cac lantanit bang cot cationit
dang R — H sau d6 rda gidi cic ion bing dung dich lactat, xitrat, EDTA v.v... Day la
phuong phap tdch cdc nguyén t§ ddt hiém rét co hiéu qua. Qud trinh tdch duge Ung
dung ngay trong cong nghiép ch& bién cdc nguyén to ddt higm.

Phuong phap sdc ki trao d&i ion cing duge ding d€ tach thanh céng cac déng vi
vi du d& tach YN va SN trén nhya cationit dang sunfonic dudi dang cation NH7. Vide
tach dya vao tinh chat *NH} bi hdp thu kém hon ISNH} trén cot nén bi ria trude.

Nhung mot ing dung rit quan trong cla phuong phép trao d8i ion trong thue té& la
lam sach céc ion v6 co trong nudc thién nhién hay dung dich muéi d€ thu duge nudc
tinh khist. Ban chit cha qua trinh lam sach nay 1a ngudi ta cho nudc lién tiép chay qua
c6t cationit dang R - H va anionit dang R - OH. Do két qua trao déi ion trén codt cationit,
trong dung dich xuét hién ion H*. Do két qua trao d8i anion trén cét anionit, irong
dung dich xuAt hién ion OH-. Nhung H* va OH" lai tdc dung v6i nhau tao H,O. K&t qua
la ta thu duoe nudc tinh khiét.

b- Ung dung dé ché tgo mang trao déi ion

Mot wng dung quan trong khéc cia nhya trao d8i ion la viéc ché tac mang mong
vita ¢6 tinh chit trao déi ion vita 13 mo6t mang ban thdm. Mang trao d&i ion cd tinh chét
chon loc. Mang cationit chi d€ cho thadm cation cdn mang anionit chi dé thim anion.
Didu dé md ra kha nang dng dung ching vao thuc té. "

Thi du, nhy mang trao déi ion, ngudi ta
c6 thé didu ch& cdc dung dich NaOH va
H,S0, tinh khiét khi dién phan dung dich
Na,S0, trong binh dién phan véi hai mang
trao d8i ion (hinh 23.9). =

Khong gian catot cach biét voi dung #a* SgT
dich Na,S0O, bang mang cationit M - R chi
cho jon Na* qua va giff lai ion 80§, cdn
khong gian anot tach biét véi dung dich
Na,SO, bing mang R—A. Mang nay chi cho
ion SO~ lot qua va gii lai ion Na’.

Khi dién phan dung dich nudc, trong
khong gian catot sé xay ra sy khi phan U nude:

2H,0 + 2e = H, + 20H"
con trong khong gian anot sé xay ra sy oxi hda phan t¥ nude:

H,0 — 2 = 5 0, + 2H*

Vay trong khéng gian catot s& c6 NaOH con trong khéng gian anot sé& cd H,50,.
Con khong gian & ngin gilta sé ¢dn lai nudc sach. Vé nguyén tic loai binh dién phan
nay cd thé diung dé€ 1am sach nude hoac lam ngot nude bign. Cde phuong phap via trinh
bay cho thdy kha nang dng dung rdng rai cac lonit vao cac muc dich phan tich va cong
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Hinh 23.9. Dién phin dung dich Na, 50,
v&i ciic mang trao doi fon,
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nghé.
23.7. S#c ki long - 1ong trén cot

Vé ban chét day chinh 1a phuong phép sdc ki phan bd. Pha dong 1a dung dich nude
con pha tinh thuong 1a dung méi khong hoa lin véi nude. Cdt sdc ki duge nap day mot
chdt mang rén, trén bé mat ¢é phi mot mang mong chét léng ding lam pha tinh. Chat
léng phi trén chdt mang la pha tinh 16ng con dung dich chita cqu t nghién ciu chay
qua cft 12 pha dong long. _ :

Sy tach cac chat trong sdc ki 16ng - 16ng dwa vao sy khac nhau cta céc hé s6 phéan
b8 cua cdc chat giita cac dung moi khong hoa lan. H¢ 58 phan b cua cdc chit dude xdac
dinh bang:

Kop = Cd/ ¢
trong dd: C, C, 1a ndng do cta chit nghién ciu trong pha déng va pha tinh.

Véi cdc chdt cta mét day dong ding ngudi ta tim thdy cd su phu thugde gilta K
v6i 6 nguyén tif cachon trong day dong ding.

Viéc tim cac pha 16ng khéng hoa ldn cho mét qué trinh tdch thuding dua vao phuong
phdp thd nghiém. Ngusi ta cing hay dung hé théng sdc ki 16ng - léng hé ba gdm haij
dung méi khéng hoa ldn va mot dung méi thd ba tan trong ca hai dung méi. Céc he
théng loai nay cho phép thu dugc cac hé pha khong hoa 1&n cd d¢ chon loc khac nhau.
Thi du ta c6 th€ chon hé hai dung moi khéng hoa 14n la heptan - nude va dung méi thu
ba la rugu etylic tan trong ca hai dung méi. _

Ndi chung trong séc ki 16ng - 16ng ngudi ta chon hé dung méi khong héa 14n, nhung
khong it trudng hdp ngudi ta ciing chon cac dung méi tan trong nhau chut it. D ngan
ngia qua trinh hda tan vac nhau ciia cdc chat long trong qué trinh sic ki, pha dong
thudng dugc 1am bdo hoa truge bang pha tinh. D& dam bao cho thanh phan cic pha
khéng thay ddi, ngudi ta cling dung phuong phdp hoa hoc d8 gan chat vao chat mang.
Ngudi ta thung dung tuong tac cta dung mdi véi nhém OH" & trén b& mat chdt mang.
Ngudi ta cing da san xuét cdc chat mang ¢d gin sdn phan t chdt long lam pha tinh.

Hiéu qua cta c6t phu thugc d6 nhét, hé s6 khuéch tdn va cac tinh chdt vat i khde
cua chat ldng. Viée giam d6 nhét cia pha dong sé rit ngén thai gian phan tich, nhung
viée tang dé nhét lai ciing lam tang hiéu qua cta cot. Trong thyc t& ngudi ta hay dung
cac chét 16ng ¢d do nhat bé vi viée tang d6 nhdt tuy o6 lam tang hiéu qua cia c6t nhung
ting khéng nhisu.

Chidt mang pha tinh can cé b® mat du phat tri€n, tre hda hoc, giit chat duge pha
tinh 1éng trén b2 mit chat mang. Chat mang phai khong hoa tan trong cac dung méi
st dung trong hé sic ki, Ngudi ta thudng ding cdc ch&t mang cd ban chit khac nhau:
chdt mang ua nudc nhu silicagel, xenlulozo; chdt mang ua dung méi nhu flovoplast,
teflon va céc polime khdc. Ngay nay ngudi ta cling dung phé bién sac ki Iéng - 16ng cao
ap nhd d6 tang duge hiéu qua tdch va rat ngin thai gian phan tich. Trong phan tich
sdc ki 16ng - 16ng ngudi ta hay dung céc detects ki€u quang phé do quang.

Cing nhu cdc phuong phdp séc ki khac, phuong phdp sic ki long - 16ng trén cot
cling duge Wng dung dé phan tich dinh tinh cling nhu phan tich dinh lugng: phan tich
dinh tinh dya vao viéc xdc dinh céc dac trung luu cha qud trinh séc ki, két hop vdi viéce
ki€m dinh cdc ddc trung luu véi mAu chudn. Phan tich sic ki dinh lugng thudng dua

dh
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vao két qua do dién tich hoac d3 cao cia pic sac ki va tién hanh theo thi tuc cua phuong
phdap dudng chuén.

Phucng phép séc ki 1éng - 16ng thudng duge dng dung trong phan tich cde hop chat
hitu co.

23.8. Sac ki l6p mong
23.8.1. Diic diém chung cia phuong phip

Ve ban chét, day la hé sac ki 16ng - r4n ma pha tinh rdn dudc trdi thanh lp mang
trén ban kinh, nhua hay kim loai. Giot dung dich méu nghién cu duge nhé trén dudng
xufit phat cich ria ban 2-3 cm, cdn ria ban duge nhing vio mét dung méi thich hgp.
Dung moi nay déng vai trd nhu pha dong trong sic ki hép phu l6ng - ran. Dudi tac dung
cta lyc mao quan, dung méi sé chuyén déng doc theo 16p hdp phu va chuyén van cac
cdu t& cta hén hop vdi cdc van tée khdac nhau dua dén viée tach cdc cdu tu. Su khuéch
t4n cdc cfu ti trong 16p hdp phu vita theo chigdu doc vita theo chigu ngang vi vdy cd thé
xem qué trinh sic ki thuc hién theo hai chizu. Vi cac dac di€ém ki thuit trén day ma
phuong phap sic ki 16p mong con ¢ cdc tén goi khéc: phuong phép giot, phuong phap
sdc ki dai, phuong phap sic k¥ bé mat, phuong phap sic ki cot md...

Phuang phap séc ki 16p méng duge ing dung d€ phan tich dinh tinh, dinh luong
cac hop chat vo co cing nhu hitu cd. Uu diém co ban cia phudng phap sic ki lop mong
1a thiét by don gian, thai gian phan tich khéng kéo dai, viéc tach cac cau tit co thé thyc
hién kha dé& dang v.v...

23.8.2. Cdc difc trieng co bdn cia sic ki lép méng

So dé thuc nghiém d€ xdc dinh cée dac trung
cta séc ki lop moéng duge trinh bay & hinh 23.10.
Tinh chdt hdp phu cta hé sic ki l6p mong

duge ddc trung bang do linh dong R: R, dude xdc 5 b

dinh theo:
X, -«‘l@f

trong dd: ' ar———7 a

X|: khodng cach tlt duding xudt phat dén tam
cua vBt sac ki;

Xz khoang cach tit dudng xust phdt dén mde
dung méi sau cung so v8i duding xudt phat.

Ding ra R, phai dugce tinh bang ti s6 gitra van Hinh 23.10. o -a tay8n xuifll pha;
t6c chuyén dong cta tam vét sdc ki vai van t6c  b-D wyén dung moi & cudi thi nghiém.
cta dung mai. Tuy nhién viéc xdc dinh cac van téc
tudng ¥ng hét stc khd khan nén R, thudng duge xac dinh theo (23.10)

Theo dinh nghia R, la dai lugng dac trung cho hé sac ki 16p mong. R, phdi khéng
phu thudc ndng d¢ va cac yéu t6 khdac. Tuy nhién thuc nghigm chdng minh R, do duge
theo thuc nghiém khong du lap lai, dac biét khi phéan tich cdc chét vd cd. R, chiu anh
hudng cha cic y&u td: chit lugng va tinh hoat déng cia chat hidp phuy, 49 am cua chit
hip phu, chédt lugng cta dung mdi va cde y&u t§ khac, ... dd la nhitng y&u 6 rdt kho
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ki€m sodt. Trong thyc t€ ngusi ta thudng dung dai lugng tuong déi:
R

tx

R

i (23.17)
fe
R cing duge tinh theo (23.16) ctia mot chat chon lam chudn. Chat chuidn (chat
lam chdng) duge hoa tan trong ciing dung méi v6i chat nghién cdu va duge nhé trén
dudng xudt phat bén canh miu nghién citu. Vay qua trinh sic ki cta chit chusn va mau
nghién ciu duge thuc hién trong cing didu kién.
S6 dia li thuyét n trong phudng phap séc ki 16p mong duge tinh theo hé thie:
‘ln 2
n =16 (Eﬁ)
{, va l;, duge xde dinh nhu ¢ hinh 23.10.
a chitu cao tuong duong H cla dia li thuyét la:

g
n 161,
He s6 tach K| cla sdc ki 16p méng cd lién quan véi s6 dia | thuyét va do linh dong
R,
R o - R v 7
. K =—— 2 5 . (23.18)
Rt'}q - 'R!',h

Ri-x1 va Rl-x2 12 34 lirh dong cta hai cdu ti canh nhau cta hén hap.
23.8.3. Ki thudt sdc ki lép mong
1. Chudn bi lop mong

D& d€ trai 16p mong thuéng 13 cdc ban thiy tinh, 14 nhom hoac mang poliete. Cdc
loai mang trong sudt véi tia ti ngoai (dén 320 nm) 6 wu diém 1a of the dung do quang
truc ti€p nhidu hgp chédt trong 16p méng.

Chét hip phu d€ trai lép méng thuong la bst silicagel, alumin (Al,0,), kizengua,
bot xenlulozo... Chdt hap phy ¢ thé duge trai dusi dang nhéo - ¢d chét két dinh -, hoac
dang bot min (khong cd chédt k&t dinh). b& dic trung cho hoat dong hdp phu ctia nhom
oxit ngudi ta thudng ding thang Brokman thist lap theo gia tri R caa chdt mau chudn.
Trong séc ki ngudi ta cing diing cdc ionit 16ng va cdc chét ¢d tinh chAt trao ddi jon, cdc
chit 1a ray phan ¢ (thi du sephadex) lam chat hap phu,

2.Pha déng

Viée chon dung moi lam pha déng phu thude ban chat cla chat nghién edu. Nguui
ta c6 thé diing cde dung m6i don hoic céc hé dung méi gém hai hay ba thanh phan duge
chon voi ti 1¢ thich hgp.

Cédc dung méi don thudng ding ¢d thé 1a: parafin cd nhiét do bay hoi cao; xiclohexan;
benzen; clorofom; ete; axetat etyl; axeton; rugu etylic; dimetylfomamit; dimetylsunfoxit;
nude.

Céac hon hgp dung moi hay dung va cac tf 18 thudng dugc chon la: xiclohexan: axetat
etyl = 95:5; benzen: axetat etyl 95:5; clorofom: axeton = 9:1; benzen: metarnl = 95:5:
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xiclohexan: axetatetyl = 1:1; = 1:4; benzen: axeton = 1:1. Déi khi ngudi ta cling dung
hé dung mdi cd ba cdu t& nhu khi tach cdc aminoaxit ngudi ta dung hén hgp dung mé
n - butanol - axit axetic - nudc. (cic con s6 chi ti s6 thé tich cic dung moi).

Khi phan tich c4c ion vé cd ngudi ta hay ding dung dich dém {(dung mdi nude) cd
pH xdc dinh.

Trong séc ki 1ap méng di 1én, dung méi tham tit dudi lén do tdc dung cta ldc mao
quin,

Trong séc ki 16p mdng di xudng, dung mdi chuyén dong tif trén xudng do tic dung
ctia luc mao quan lan tac dung cva lyc do trong truong.

Phuong phap séc ki 16p mong nAm ngang dudc thuc hién theo ki€u vong tron dé
dung moi bay hoi tu do.

Trong sdc ki vong tron, ngudi ta nhd mot giot dung dich nghién ciu ¢ tdm clia mot
ban méng ndm ngang. Dung mai duge tiép lién tuc dudi tac dung clia luc mao quan, sé
chuyén dong hudng tif tam ra ngoai. Cdc cfu ti phan tich & phan ba trong ldp mong
dudi dang cdc vong tron dong tam.

Thong thutng trong sac ki 16p méng ngudi ta cho dung mdi tham trong ldp mong
o chidu dai tu 10 - 12 em, vi vdi cdc 16p méng dai hon van tdc chuyén dong cta dung
méi sé rét cham, vét bi khuéch tan rong va gia tri B sé bi dao dong nhiédu.

Sau khi két thic qua trinh séc ki thudng ngudi ta phai tién hanh viée lam hién hinh
v&i sic ki bang phuong phap héa hoe heac hda li.

Khi lam hién hinh bing phudng phap héa hoc ngudi ta phun lén ban 16p méng mot
dung dich thuéc thi ¢ thé tdc dung vdi cac cdu t cina hén hgp thanh hgp chdt mau
nhin ré6 bang mat thudng. Thi du hoi idt ¢d thé lam hién hinh r6 cac hgp chdt khong
no. Trong phuong phap vat lf ngudi ta ¢d thé lsi dung hién tugng phit quang véi cac
tia t4 ngoai. Ngudi ta ditng modt chat chi thi phat quang tdc dung duge véi cdc cdu tu
trong hén hop. Ngudi ta ciing cd thé nhan dang cdc vét sAc ki bang phuong phap phdong
xa v.v... Sau khi hién hinh duge cac vét séc ki, ngudi ta sé tién hanh qua trinh dong
nhét va cdc cong viéc ti€p sau.

23.8.4. Phan tich dinh tinh

Qu4 trinh dong nhit cac chat (dinh tinh) sé kha don gian khi v&t sac ki cd mau dac
trung hoac cd th§ diung cdc bién phip khac nhau dé hién hinh. Tuy nhién sd loai hgp
chédt nhu vay, nhdt 12 voi cae chat hitu co, khong nhiadu ldm. .

Diém xudt phéat chung nhit cho phéan tich dinh tinh la dua vao gia tri R, vi day la
dac trung nhay nhét clia cac chét. Tuy nhién R, 1ai phy thuée nhigu vao digu kién xic
dinh nd. Ngudi ta cd thé vugt qua trd ngai nay bing céch tuan thd chat ché cac diéu
kién chuédn. D& thyc hién duge vidéc dé ngudi ta khéng ché kich thudc cia ban, do day
ctia 16p h&p phy, thé tich miu, d¢ dai cia tuyén dung mdi va mot s6 y&u t6 khac. Khi
tuan thi cdc didu kién chudn, gia tri R, sé cd do lap lai cn thiét va cd thé dung dé so
sanh voi cac s6 liéu cho trong cic s8 tay, néu ching duge do trong cing diéu kién va
dap ding dugc yéu chu phan tich dinh tinh.

Nhung phuong phép tin cay nhit vin 1A phuong phap lam ching. Theo phuong phdp
nay, tai vach xudt phat, bén canh giot dung dich médu nghién cdu, ngudsi ta nhé mbt giot
chat tuong dng vai thanh phan gia thigt cd trong mau. Do cdc yéu té dnh hudng dén
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R; ctia cac chdt nhu nhau nén sy trung nhau cia R; ctta mot cdu ti trong mau vii R,
cta chdt lam ching cho phép k&t luan ching 1a R, cta cung mot chit. Néu trong miu
khong c6 R nao trung vdi Ry cta chat lam ching thi ¢é nghia 1a trong miu khong cé
hgp chit trung tén véi chat lam chung.

Ngudi ta cd thé két hop séc ki 16p moéng vdi cdc phuong phap khac. Thi du khi két
hop sac ki 16p méng v6i sde ki khi, séc ki 16p méng cd th& trd thanh mot detecto dac
biét. Khi thoat ra khéi coét sdc ki, khi duge hudng vao vach xudt phdt cla sédc ki l6p
moéng va cho tién hanh qua trinh sdc ki 16p méng theo tht tuc chon trude.

Két qud phan tich sic ki lap mong cho két qua doc 1ap khi phan tich cac chat, didu
ddé lam tang do tin cdy cia két qua phan tich, Viéc tién hanh sdc ki 16p méng cic hén
hop khi sau khi cho qua c6t sdc ki khi 58 cho cic thong tin b8 sung vé thanh phan cic
hon hop khi, dac biét véi cdc cot tach trén cot sac ki khi chua that hoan toan. Viec két
hop sac ki 16p méng vai sdc ki khi cing cho bit: liéu thanh phan sau khi rita khoi cot
da trai qua bién d6i hda hoc hay khong khi tién hanh qua trinh sdc ki.

Viéce két hgp sac ki 16p mdng vai phudng phdp dién di cho phép mgd rong kha nang
tach, dac biét trong qua trinh tdch cdc ion vé co cing nhu tang van téc tach. Ngudi ta
cing cd thé két hop sic ki 16p méng véi phudng phdp chiét va cac phudng phap tach
khae nham tang d6 chon loc va kha nang tdach cac hén hop phic tap.

23.8.5. Phin tich dinh luong

Ngudi ta 6 thé tién hanh phan tich dinh lugng cdc chidt theo phuong phap sic ki
16p méng true tiép trén ban hoac xi 1y ban bang cdc bién phap thich hap dé€ 1dy cau ta
nghién cdu ra khoi ban.

Khi xac dinh tryc ti&p cdc cdu ti theo cac vét sde ki trén ban, ngudi ta phai do dién
tich vét sdc ki thi du do bang thude do milimet va tim lugng chdt nghién cu theo db
thi chudn da lap sin. :

Nguai ta ciing 6 thé tién hanh do trie tiép dé dam cla cac vét siac ki trén ban
bang phuung phdp quang phé do quang nhd cdc densitomet. Nong d6 chat nghién cuiu
cing duge xac dinh theo tha tue cia phuong phdp dudng chudn.

Nhung cach phan tich cho két qua chinh xdc nhit van la phuong phap tdach chat
phén tich ra khoi ban. Viac tach cac chat ra khdi ban c6 thé thyc hién duge bang cd hoc
hay bang cach ria véi dung méi thich hgp. Sau d¢ ta tién hanh xde dinh néng d5 cdc
chit trong dung dich rlta bang céc phudng phép thich hep.

23.8.6. Ung dung ciia phirong phdp sifc ki I6p méng

Lic méi duge phdt minh (do Izmailov va Shraiber phét minh nam 1938) phuong
phap sac ki l6p méng chi mai duge ap dung d€ xdc dinh cdc hgp chat trich 1i tir thye
vat. Cho dén nay phuong phap séc ki 16p mdng da trd thanh meot phuong phip tach va
phan tich céc chét hitu co cing nhu vé co.

1.Cde hop chdt hitu co

Day 14 phuong phap ding d& tich hau hét cde hop chit hitu cg, qua trinh tach thyc
hién nhanh, ed dé chon loe cao. Véi cdc chit chi cdn ¢o sy khdc nhau rit it v efu tric
hay cdu hinh la ¢é thé€ thye hién viéc tach chiing ra khéi nhau bing phugng phap sac
ki ldp moéng. Phuong phdp cd thé su dung d€ tach va cd lap cdc hgp chat ho axit, rugu,
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glucol, alcaloit, amin, aminoaxit, protein va peptit, cac chit khang sinh v.v... Vi vay
phuong phdp duge st dung réng rai trong cong nghé thyc phdm, duge hoc, y hoc v.v..,
2.Cdc hop chdf vé co

Phuong phap sdc ki 16p mdng duge st dung dé tdch cac cation, anion vo cd. Dung
phuong phap sic ki 16p mong ngudi ta ¢ thé tach duge cdc hé cation, anion phdce tap,
dac biét trong viéc phan tich cdc cation kim loai cd tinh chét hda hoc giéng nhau.

Phudng phap séc ki 16p méng thudng duge két thic bang cde phuong phip quang
phé do quang, phuong phap phé huynh quang, cdc phuang phap dién hda v.v... Nha viéc
k&t hogp nay ma d6 nhay, d6 chon loc cla cde phucng phap tang lén nhidu.

Vi cac li do trén day, phuong phéap sdc ki l6p méng ngay cang duge s dung rong
rai trong nhiéu linh vye cta khoa hoe, cong nghé va doi song.

23.9. Phuong phap sic ki gidy
23.9.1. Biic diém chia phwong phdp

Ve ban chdt day la loai sdc ki phan b6 1éng - 1éng. Pha dong la chit Iong, thudng
1a hén hgp ciia hai hay nhigu dung mdi khac nhau.

Pha tinh 16ng duge tdm vao chit mang la loai gifly dac biét mang tén gidy séac Ri.
Vi vay phuong phip mang tén phuong phdp séc ki gidy. 0 day gidy sac ki ddng vai tro
cot sdc ki m&. Vi edc 1i do dd phuong phap séc ki gidy cd nhiéu nét giéng sic ki 1dp
mong.

23.9.2. Cic diic diém ki thudt cia sde ki gidy
1. Pge triung ki thugt ciia ste ki gify

Ciing gidng sac ki 16p mong, trong sdc ki gidy ¢ dac trung quan trong la do linh

x 3 A 3 e * - - L . )
dong B = < trong do: x - su dich chuy&n vét sac ki cia cac ciu tu; x; - sy dich chuyén
]
ctia tuyén dung moi. Cach thic tinh R, trong sac ki gidy ciing giong sac ki lép mong
{(hinh 23.10). Ban dau chét nghién ciu dugc dua vao vach xudt phat trén bang gidy,
chét nghién cdu sé dich chuyén dudi tac dung cua pha déng. Né&u cde ciu tlit ¢ mau
thi sau m6t thoi gian ta cé thé thay cac vét mau riéng biet. Cdu ti dau sé co
x X
! 2 . : .
=T cdu ti thd hai sé co Rr = — v.v... trong digu kién li tudng, hé s6 R, chi
I X
phu thude ban chdt chdt nghién cdu, cde thong s8 clia gidy va tinh chét cta dung moi,
nhung khong phu thudc néng do cdc chdt va sy ¢6 mat cac cdu ti khae. Trong thuc té
R, phy thudc tdt ca cdc yéu t6 k& trén,ké ca ki thuat thue nghiém. Tuy nhién khi giu
cdc digu kién it nhigu khong déi thi sy dao déng R, cd thé khong ion; R, hau nhu khong
d6i va cé th& dung d&é déng nhét cac chat.

2. Pha tinh v pha déng trong sée ki gidy

Pha tinh 16ng trong sic ki 16p mong duge tdm vao chdt mang la gidy sac ki. Giay
sdc ki phai tinh khiét, phai ¢6 dinh lugng dong déu, ¢Au tric sgi va chigu sgi xenlulozo
phai déng nhat. Trong nhidu trudng hop ngudi ta c6 thé ding loai gidy loc day dé thay
cho gidy séc ki.
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Trong trugng hop pha tinh la nude, ngudi ta ¢d thé dung gidy sdc ki d€ trong khéng
khi &m ma khong can phai t§m nudc vi trong bau khong khi &m thi gidy hdp thu mot
lugng déng k& nuée (ti 20-25% khsi lugng gidy). Khi chon pha tinh la dung méi hitu
¢o, gidy co tinh uva nuée sé ki dung mdi. Trong trudng hgp nay d€ cc thé dung gidy lam
chat mang, ta phai tdm gidy bang dung dich céc chat ki nude (nhu parafin, dau thyc
viat...).

Pha déng co thé l1a nude hoac dung méi hitu ca.

D& tdach cdc chat tan trong nuée, ngudi ta thudng chon pha déng 1a dung msi hiru
¢d, pha tinh 13 nude. Con néu cdc cdu td nghién ciu hoa tan trong dung masi hitu ca,
ngusi ta ding nu6c lJam pha dong, con pha tinh la dung méi hitu co. Céc hé dung mai
trong sic ki can dap dng mot s§ yéu cau sau: dung moi pha déng va dung mai pha tinh
phai khong tron 1dn, thanh phan cta dung moéi phai khong thay déi trong qua trinh sic
ki, dung méi phai dé dang duge dudi ra khoi gidy, phai khéng qua hiém va khong gay
nguy hi€m, ddc hai cho ngudi st dung.

Cdc cdu t cia méu nghién cdu phai cd tinh tan khic nhau trong cde dung moi da
chon, n€u khong sé khong thuc hien duge sy tach.Tinh tan cla cédc cdu th trong dung
moi la pha déng phai bé hon trong dung mai la pha tinh, nhung di sao tinh tan cla cac
cdu ti trong titng dung mdi phai vita phai. Néu tinh tan cta cdu to trong pha déng qua
l6n, cdc cdu ti sé& chuyén dong ciung véi tuyén dung méi. Nhung né&u tinh tan cta cac
cdu ti trong pha déng lai qua bé, cdc ciu ti sé khong chuyén dong khéi vach xuit phat
hodc chuyén dong khong dang k&€ va ngudi ta cling s& khéng thuc hién duge viéc tach
cdc hdp chdt.

3. Ki thudt thyc hién séc ki gidy

Cing nhu trong sc ki 16p méng, giot méu phan tich cing duge nhé vao ding vach
xudt phat. Tuy thuée cach cho dung moi chay ma nguoi ta chia sdc ki giay lam miy
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Hinlr 23.71a. Sdc ki xudng, Hinlt 23,115, Sic ki 1én.
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Hink 23.11c. Sic ki vira 1én - vira xudng. Hink 23.12. Sic ki vong trdn,

loai: sac ki chay mot chidu 1én hoac xudng; shc ki chay hai chigu (vita 1én vita xuéng)
(hinh 28.11 a, b, ¢); sic ki gify vong tron (hinh 23.12);s8c ki dién di két hop séic ki vdi
dién di. Trong phudng phap sic ki dién di ngudi ta c6 thé thyc hién: cho tdc dung dién
trudng va sdc ki déng thai hoac cd thé thyc hién lién tiép: trudc hét ta tién hanh dién
di sau do ti&n hanh séc Kki. ’

Sau khi tién hanh sic ki ngudi ta thudng thuc hién viéc hién hinh vét sdc ki bang
cac phuong phap héa hoc hay vat i nhu d4 mé ta § phudng phap sac ki 16p moéng.

4. Phan tich sée ki dinh tinh va dinh luong

Viée phan tich dinh tinh theo phudng phap séc ki gidy dya vao do gia tri R, cua cac
cdu tit nhu & sdc ki 1dp mong.

Qua trinh phan tich sic ki dinh lugng ciing dua vao viée do dién tich vét sac ki, do
cudng d6 mau cia cdc vét mau hodc tién hanh rda chét nghién ciu trong ting vé&t sac
ki va xdc dinh nbng d6 cac dung dich bing cdc phuong phdp thich hgp nhu & phudng
phdp sic ki 16p mong.

Ngay nay phuong phép séc ki gidy duge st dung khd réng rai d&€ phan tich cdc hop
chit vé cd ciing nhu hitu co, dac biét d& tach va phan tich cdc hén hop cd tinh chat hda
hoc gidng nhau.

23.10. S4c ki gel

Day la dang séc ki dac biét dua vao sy khac nhau cuia kich thudc phan tit cua cdc
hop ch&t. Ngudi ta cing goi dd la loc gel hay sic ki ray. Pha tinh trong siac ki gel la
dung méi 0 trong céc 16 cia gel con pha dong chinh la dung moi dd chay qua, ndi cich
khac pha dong va pha tinh déu cing 1a mot dung mdi hode hén hop cae dung moi. Gel
thung dung duge ché tao tir dextran, poliacrilanit cling nhu mot s6 hop chat thién nhién
hoic téng hgp khée.

Trong séc ki gel ngudi ta cd thé tach cdc phan tif cd kich thudc 16n (khong bi hap
phu 1&n gel vi kich thudc cdc phan ti nay vugt qud kich thudc 15 gel) khoi cac phan i
¢6 kich thudc bé. Cac phan tit kich thudce bé cd thé xuyén vao céc 16 cua gel, sau do
ngudi ta ¢d thé ria ching ra khoi gel.

Vi loai sdc ki gel ngudi ta cé thé tién hanh tdach hét sitc tinh vi vi ngudi ta cd thé
dicu chinh kich thuéc 16 cua gel thi du bang cach thay d6i dung méi dé thay déi do
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trudng cua gel. Bdc ki gel cd th€ duoc thuc hien & dang cot hay dang 16p mdng.

Trong thye t& ngudi ta hay ding céc loai gel mém, gel nia cing hodc gel cing.

Gel m®m 1a nhitng hop chét cac phan tit ¢6 56 lien két ngang khéng dang k&, Loai
nay ¢6 hé s6 thé tich - 1a ti s6 thé tich dung méi & trong gel vai thé tich dung méi ngoai
gel - bing 3. Vdi loai gel mém khi truong thé tich gel tang dang k&. Cac loai gel nhu
sephadex, dextran, tinh bét, aga... thudc loai gel mé&m. Loai gel nay dung dé tach cac
hgp chat cd khéi lugng phan ti thdp, hinh thic thue hién l1a kigu lop moéng. Loai sde ki
nay thudng dudge goi la loc gel.

Loai gel nita cing thudng duge ché tao bang phuong phap trung hop. Loai gel duse
ding phé bién nh4t la san phdm dbng trung hop cia styrol va divinylbenzen hay san
phdm tring hdp hda cia vinylaxetat. Hé sé thé tich cua cdc gel nay bang tu 0,8 + 1,2.
Khi trdong thé tich cta ching tang khéig nhisdu (tit 1,2 + 1,8 lan). Loai sic ki gel nia
cing duge goi la sae ki gel xuyén thiu. '

Gel ciing thudng 1a silicagel hay thuy tinh x8p vai 16 x6p c6 kich thude xdc dinh.
Loai gel nay thyc chdt khong phai 1a gel. Loai gel cing co hé s6 thé tich khong 16n (0,8
+ L1). Loal gel nay thutng dugc dung trong séc ki gel cao ap.

Cac dung moi dung trong sic ki gel phai hoa tan dugc tdt cA cdc cdu td trong hén
hop, tham uét trén be mat gel nhung khong bi gel hap phu.

Trong thuc t& sdc ki gel thuong duge dung dé xdc dinh su phdn b6 cdc phan tu
polime theo kich thudc phan tir. Ngudi ta sit dung sdc ki gel trcng phan tich sinh hoc
d€ tach va lam sach cac polipeptit, protein va cdc hop chit ¢ phan ti 16n khac.

23.11. Phuong phip sfc ki khi

Trong sdc ki khi pha déng la chat khi hodc hoi. Tuy thuge trang thai pha tinh ma
ngudi ta phan biét: sic ki hdp phy khi pha tinh 1a chat hap phu rédn; séc ki khi - léng
khi pha tinh la chat léng hay chinh xdc hon la mang moéng chit lédng trén bé mat chat
mang ran,

23.11.1. Cot xdc ki

Trong sdc ki khi ¢t sdc ki duge ché tao bang éng thiy tinh, éng thép, 6ng dong
(ngay nay nguti ta con ché tao bing céac loai chit déo dac biét), dudng kinh trong cia
cot cé thé tit 3+6 mm, cd thé dai tir vai chue centimet dén hang chue mét. Cot cd thé
c6 dang thang, hinh chi U (n&u cot ngin) hosc dang hinh xodn. Bén trong ¢t thudng
nhoi cac chdt hdp phu rdn (séc ki khi - hdp phu) hoac chat mang cd pht mang méng
pha tinh 1éng (sdc ki khi - 16ng).

Trong sdc ki khi - h&p phu ch4t khi bj hap phu lén bs mat chat hdp phu rdn tuan
theo dinh luat hdp phu Langmuir. CAu tac va tinh chét cia chét h&p phy rdn rit da
dang. Ngudi ta phan biét ba loai ch4t hap phu rdn:

- Chét hép phu loai mét 12 chat hdp phu khong dae hiéu. Trén bé mat céac chat hap
phu nay khéng ¢d nhém chic nao (nhu than).

- Chét hdp phu loai hai trén b mat cd cdc dién tich (thi du nhdm hidroxy! ciia phan
tu silicagel).

- Chat hdp phu loai ba 14 loai ch&t hdp phu ma trén bé mit ctia ching cd cdc lién
két hoac cdec nhom chuic ¢ mat de dién tu tdp trung (vi du cic polime ed chita nhém
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nitril). Trong sdc ki khi - hdp phu ngudi ta hay dung cdc loai chit hdp phy sau day:

- Than hoat tinh khéng phin cyc. Do cdé dién tich bé mat riéng I6n (1000 + 1700
m2/g) nén ¢é tudng tdc manh vdi cac chdt phan tich, thudng diing d€ phan tich cdc khi
nhe;
- Ch4t hdp phu silicagel. Kh4 nang hdp phu dua vao tac dung cia nhdm OH- trén
be mat. Day 14 chat hdp phu ¢d cue. Nhom oxit ciing thudce loai chdt hdp phu cd cuc.

- Zeolit: 14 loai alumino silicat k&t tinh c¢d thé giap & trang thai tu nhién hoac duge
tdng hop bang phuong phdp nhan tao. Trong leai hdp chdt nay cd cde 16 nhé cd kich
thude ¢ kich thude phan tit (0,4 + 1,0 nm) Day la loai ray phan td. Ray phan td chi
hdp thu cic phan ti cd th€ xuyén qua 16, cdn cdc phan td ed kich thude 16n hon kich
thudc 16 sé& khong bj hdp thu nén ¢d tén la ray phan tu. Ngudi ta cing cé thé diung thuay
tinh x6p dé ché tao ray phan tu.

Tt nam 1952 xuét hién phuong phéap sic ki khi - 1ong. Trong phuong phdp nay ngudi
ta cho hén hgp khi qua c6t nap didy mot chdt mang rdn, trén bé mat chit mang cé mat
mang chat léng. o) day cédc cdu t@ pha khi s tuong tac v6i mang chat 1éng, tuy khong
loai trit trubng hop cdc cdu t khi ¢ thé tuong tdc mot phan vai chét ran.

Trong qud trinh sic ki khi - long thay cho hién tugng hdp phu chat khi lén b2 mat
chat hdp phy, d4 x4y ra hién tugng hoa tan chét khi vao pha tinh léng. O day hiéu qua
tach khong phai la qu4 trinh hdp phy - phan hdp phu cda chdt khi ma la qua trinh hda
tan va ldy khi hoa tan trong pha long. Su khac nhau vé sy hoa tan chét khi sdu xa hon
su khac nhau vé hién tugng hdp thyu, nén sidc ki khi - 16ng mé rong kha nang tdach céc
hén hop nhiédu cdu td phic tap. Uu didm eia séc ki khi - 16ng la mién déng nhiét tuyén
tinh 6 pham vi néng 4o rong hon trong sdc ki khi hdp phu, do dd sdc ki dé thutng cd
cde piec dot xidng.

Hiéu quéa tach cia sdc ki khi-l1ong phu thudc cha y&u vao viéec chon pha long. Tuy
khong cé cdc nguyén tic chit ché quy dinh viéc chon pha léng, nhung viée chon pha
léng cling ed mdt s8 yéu cau sau: pha ldng phai cd dé chon loc cao, phai trg hda hoc voi
cAc cdu ti cia hén hep ciing nhu véi chdt mang rdn, phai bén nhiét, khong hda tan khi
mang, cé d6 nhét va khong bay hoi (hoac bay hoi khéng dang ké€). Viéc chon pha léng
thich hop la vdn d2 quan trong trong sdc khi - 1dng, nhung viée lua chon nay lai phu
thude kinh nghiém eda ngudi phan tich.

Thuc t& ching minh, ding cdc cét chda vai pha tinh két hgp vdi viéc dung vai chat
hdp phu ran c6 thé cho hidu qua tach tst hon. Trong thuc hanh ngudi ta c6 thé cho hon
hop khi phan tich qua nhigu c6t néi ti€p nhau, m6i ¢6t chida mét pha 1éng. Ngudi ta
cing dung loai cot chia cdc chdt hdp phu hén hgp bang cich trén déu cde chat hdp phuy
va cho trang mang pha ldng bing hén hop cia nhidu chat 10ng 1én mét chdt mang ran.
Cac cach via trinh bay cd tén chung la cdt cd pha tinh hén tap.

Trong séc ki khi - 1dng ngudi ta hay ding cdc dung moéi sau day lam pha tinh léng:
dau vazolin, dau silicon, cdc phtalat (dibutyl, dioctyl...), dimetylfomamit, tricresyl
photphat v.v... Ddc biét ngudi ta cing ding cdc tinh th& 16ng nhv cdc este azocxy.

Ch4t mang rdn thudng la cdc chat trd, cd be mat phat trién nhung it 16 xép dé
khong cd hién tugng hdp phu lén bé mat chdt mang. Thudng ngudi ta hay dung kizengua
hay diatomit ]Jam ch4t mang. D& tdach cac chét ¢ hoat tinh manh, ngudi ta dung teflon.
D6i khi ngudi ta ciing ding bt thuy tinh (dang hat hinhk cdu rdt min) lam chdt mang
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trong sac ki khi - léng. _

Higu qua tach cling tang thuc sy khi dung sAc ki mao quan. Trong loai sic ki nay,
ngudi ta dung cdc 6ng mao quin cd dudng kinh 0,1 - 0,5 mm va cd chidu dai dén vai
chue mét lam cot sdc ki. Pha long duge cho bam truc ti€p 1én thanh mao quan va mao
quan trd thanh chat mang pha tinh 16ng. Trong c6t mao quan trd luc dong khi bj giam
ddang k€ (so vOi co6t nhdi) nén cd kha nang tang chidu dai cét va hiéu qua tach do d¢
eung tang lén,

Lugng méu trong sdc ki mao quan c¢d thé nhd hon trong séc ki thudng nhigu (hang
nghin lan hosc hon). Disu d6 ¢6 gay khd khan ding k€ cho thuc hanh phan tich sic ki
va ddi héi cdc cach thde riéng, dic bist & khau nap miu. Viée do tim cdc chdt khi phan
tich cdc miu cd lugng nho cing ddi hoi cdc detecto cd hidu qua va co do nhay cao, thi
du loai detectg ngon lta ion hda.

B2 mat bén trong mao quan khéng chi ¢6 pha tinh 1ong ma con cd thé duge pha b
sung bang 16p méng chat rdn. Trudng hop nay duge goi 1a sdc ki mao quan ed 16p chat
ran.

Uu di€m cua phuong phdp séc ki mao quan 1a ¢ hiéu qua khi phan tich cac hén
hop phic tap, thoi gian phan tich ngén. Khé khan cha yéu vAp phai & day 1a khau db
tim va kh&u nap miu. Mot nhuge di€m khac 1a phuang phép ¢d dé chon lgc kém véi cde
chit bi hdp phu yé&u.

23.11.2, Petecto

Detecto 1a bo phan quan trong trong sic ki khi. Detectd ¢ nhiém vu ghi nhéan sy
thay ddi lién tuc cia ndng d¢ hay céc tham s6
khéc trong dong khi thoat ra khéi cot sdce ki.

Mot trong cdc ki€u detcto phd bién nhat la
cataromet. Day la ki€u detecto vi phan. Nguyén
tae lam viéc ctia cataromet }a do dién trd cta sgi
day platin hoac vonfam d6t nong, ma dién trd cia
ching phu thudc nhiét dé6 ma nhiét do lai phu
thudc do dan nhiét ciia moi trudng. Thanh phan

Khi vao

cua dong khi qua méi trudng thay déi sé 1am thay
déi nhiét do cia sgi day platin (hay vonfam) va
lam thay déi dién trd caa sgi day. Su thay d8i dien
trd cla sgi day sé duge kiém tra bing s¢ db chu Khi'ra

do d¢ dan dién (thi du chu Wheatstone).
Cataromet ¢d cdu tric don gian, lam viée tin cay.
Néu do din nhiet cia hén hop khi xde dinh khéc Hinh 23.13. Cataromet
v6i 40 din nhiét cia khi mang cang nhidu thi
cataromet s& cang nhay. Thong thuong khi ding cataromet lam detecto ngudi ta hay
chon heli lam khi mang, vi vira an toan vita vi heli cg dé dan nhiét dd cao. Ngay nay
soi day dién trd trong cataromet thudng duge thay bang céc nhiét dién trd ¢d hé s6 nhiét
din dién caoc hon céc sgi kim loai. Cataromet tuy cd cdu tric don gian, lam viéc véi do
tin ¢y cao nhung ¢6 nhuge digm la khéng du nhay nén it duoc sa dung trong viéc xac
dinh céc tap chat vi luong,

Céac detecto nhiét héa hoe 1am viée theo nguyén tic do sy thay d6i do din dién caa
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day platin khi dét khi chay. Chét khi ra khoi cot sac ki duge d6t chay cd xdc tdc sé dot
ndng sol platin, sgi day platin nay la nhdnh cla ciu do dién trd. Do nhay cia detecto
nhiét héa hoc cao hon cataromet. Tuy nhién s¢i day platin can phai duge thudng xuyén
chusdn dinh theo nhiét d6 va can phai thay th& day ci bing day mdi. Cic detecto nhiét
hda chi thich hgp d€ phan tich cac khi chay.

Trong séc ki khi ngudsi ta ciing hay diung cac leai detects ngon lita. Nguyén tac lam
viéc cna loai detectd nay la nhiét do clia ngon lita hidro thay d8i khi dua chat hiu co
vao. Loai detecto nhay nhét 1a loai detecto ngon lia jon hda. Loai detecto nay cho phép
quan sat dén 10-12 g chit nghién cdu. Trong loai detects nay ngudi ta do dg dan dién
cia ngon lita den khi hidro. Ngon lita hidro tinh khiét c6 do ddn dién bé. Khi trong ngon
1%a cd tap chédt hitu co, ngon lda bi jon héa va do dén dién cta ngon lita tang lén. Sy
jon héa ngon lita s& ti 1& vai ndng do cac tap chit trong ngon lia nén khi do do dan
dién ta cé thé do ndng do tap chdt. Do nhay cia loai detectd ngon lita ion hda rit cao
vi vay thuang dude sit dung d€ phan tich céc tap chit hitu cg vi lugng. Tuy nhién ngon
ltta ion hoa chi nhay vdi cdc chdt hitu co, con véi cde tap chét vo co nhu NH,, H,S, 80,
0,, N,, ... thi detecto ngon l¥a ion hda lai kém nhay.

Mét loai detecto ¢6 d¢ nhay rit cao la detectd agon. Trong loai detecto nay phén tu
chét nghién ciu sé bi ion hda khi va cham véi cac nguyén td agon siéu bén tao ra dudi
tac dung cua tia §. '

Loai detecto nhiét ion dya vao viéc dua mudi kim loai kigém vao ngon lia dén khi.
Khi dua vao ngon l¥a nay hgp chidt photpho sé tac nén dong ion ti 1& voi ham luong
nguyén tit photpho. Day 14 loai detecto cd dé nhay va do chon loc cao d6i vai photpho.

23.11.3. Khi mang

Trong séc ki khi, pha dong 12 mét dong khi duge tao ra do moét dong chat khi chon
trudc d€ tai chit nghién ciu & thé€ khi (hoi) qua cot sde ki. Chat khi tai chdt nghién
cdu tao nén pha dong nay ngudi ta goi Ia khi mang. Vigc chon chét khi lam khi mang
phu thuéc loai detecto dugc diung trong hé sic ki. Thi du khi diung cataromet hoéac
detects ngon lita ion hda, ngudi ta hay dung heli, hidre, nito lam khi-mang. Khi diung
detecto ki€u bat dién ti (thi du detecto agon) ngudi ta dung nito lam khi mang....

23.11.4. Phdn tich dinh tinh

1. Thiél bi chung

Hinh 23.14. So 4% khi cha mdy sfc ki khi:
I- binh khi mang; 2- b0 nap khi; 3- of sdc khi; 4- detecto; 5-bO kKhuch dai; 6- bO ghi 7,8, 9 - on nhidt.
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Trén hinh 23.14 1a so dd kh&i cia mot may s&c ki khi. Bo phan quan trong cia may
sdc ki khi 1a hé théng cot tach va detecto. Nhd cd khi mang chia trong binh khi 7, méu
nghién cdu tif budng bay hoi 2 duge din vao cot tiach sdc ki 3, cot sac ki duge &n nhist
theo yéu céu cda phép phan tich nh¥ thiét bi 6n nhiét 8, Qu4 trinh tdch sé& X4y ra trén
cot sdc ki. Sau khi cdc cdu tu rii khoi cot tai cae thoi di€m khac nhau, ching sé& di vao
detecto ¢, tai d6 ching duge chuyén thanh tin hiéu dién. Cac tin hidu sé duge khuéch
dai & b phan khuéch dai 5 va dua vao xit lf trong cdc bg vi xit lf d€ cho céc s6 liéu can
thiét trén by chi thi (ngay nay thudng 1a cac may tinh ¢4 nhan).

2. Phan tich dinh tinh

Trong qua trinh sic ki ngudi ta sé ghi duge sdc ki db. Tir sdc ki db ta sé nhan duge
cdc tin hiéu dng v4i ting c&u tit goi la cdc pic sdc ki. Thai glan luu (hay thé tich luu)
cua pic 12 dac trung dinh tinh cho chdt can tach.
Trén hinh 23.15 a sic ki d8 tdch hén hop gdm 7
cau tli. D& ti€n hanh phan tich dinh tinh, ta cin
s0 sanh k& qua thu duge véi bang sd liéu cho
trong s6 tay. Duong nhién la cac didgu kién tién
hanh séc ki phai gi6ng voi cdc digu kién ghi trong
s6 tay. Viéc d&i chiéu d€ nhan biét cing cé thé
ti€én hanh theo thé thitc thit nghiém. Thuc chAt la
ngudi ta so sdnh thé tich luu (hodc thoi gian luu)
ctia mau thit vdi thoi gian luu (hoac thé tich luu)
cua méu chudn ghi & cing digu kién. Dsi khi
ngudi ta dua chit chudn vao trong miu phan tich
roi ghi sac ki dd. So sdnh chidu cao va dién tich Hinh 23.15. S#c ki db cda hda
cta ki dd trude va sau khi cho chét chugn vaoc hop nirde va axit:
méiu. Viée téng chidu cao va dién tich cua céc pic b nm,j'C; 2- il tomic; 3 axit axctic;
chdng t6 sy cd mat cia cdu ti gia dinh trong miu. 4 axit Ipropaomcn; > axu'rzobut).,-rn:;

) - - 6- axit n-butyric; 7- axit valeric.
Tuy nhién phuong phdp nay cho k&t qua ciing
khong hoan toan tin cdy, vi thé tich luu (hoac thdi gian lwu) cta kha nhidu chat khi
gén bing nhau. D& khic phuc khé khan nay ta thuc hién sic ki miu trén cac cOt vai
cdc chat hdp phu khdc nhau. N&u ta thu duge két qua giéng nhau trén cic cot véi cic
chdt hdp phu khac nhau, thi do tin cay cia két qua phan tich sé tang.

Ngay nay ngudi ta dd thyc hién cach sic ki theo so d& nhigu cép. Theo so d6 nay,
trén cot thd nhat ta thu duge cdc phan tach khac nhau. Ta lai dua cac phan tach vao
cot thd hai. Trén cdt thd hai nay viéc tach sé thue hién dudc sau xa hon va két qua
phan tich s& chinh xdc hon, vi & cot thi hai nay hén hgp da ¢ thanh phan don gian
hon & cot thi nhat.

23.11.5. Phan tich dink lwrong

1, Ddc diém chung

D& phan tich dinh lugng ta dva vao viéc do cdc tham sé khac nhau cta cac pic séc
ki nhu chidu cao, dd réng, dién tich hay th& tich luu hay tich s§ cta thé tich luu véi
chigu cao cta pic. Cdc dai lugng nay vé nguyén téc la tf 18 vai ndng d6 cac cdu tl trong
hén hop.
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Khi dizdu kién sic ki ciing nhu viée do tim (su lam viée clia detectd) du 6n dinh thi
viéc tinh todn két qua cd thé dya vao chidu cao cla pic. Viée tinh két qua dya véao dign
tich ctia pic cho phép gidm bét yéu cu vé d6 én dinh cia didu kién séc ki so voi khi
tinh dya vao chidu cac ciia pic. Tuy nhién, ban than viéc tinh dién tich cia pic cing lam
xudt hién cdc ngudn sai s6 m6i. Trong trudng hop cac pic hep thi viéc tinh todn dua vao
tich s6 cua chidu cao pic v6i thé tich luu ¢d nhidu vu di€m. Véi cdc pic tach khéng hoan
toan, sai s6 do s& tang lén do cdc pic chap nhau mot phin lam méo dudng bao quanh
cua pic. Khi lam vigc véi sdc ki db nay ta dung thu phap dac biét, chd y&u dya vao chieu
cao cda pic.

Cac phuong phap sic ki khi dinh lugng chit y&u la: phuong phap chudn hda, phuong
phap chusn hda theo hé & hiéu chinh, phuong phap dudng chudn tuyét déi, phuong
phdp ndi chudn. ‘

2. Phuong phap chudn héa

Trong phuong phap niy ngudi ta chAp nhan gi4 thiét: téng chung cia mot tham sb
nae do cia pic, thi du téng chidu cao hay tdng dién tich cia cac pic, 1a 100%. Ti s6 cla
chigu cao (hay dién tich) cta mot pic véi téng chidu cao (hoac téng dién tich) nhan 100
sé la thanh phin cla cfu td (véi pic tuong ing) trong hén hgp. Nhu vay trong phuong
phdp niy, ta chdp nhan su phuy thudc cla dai lugng do v6i nong 49 1a dong nhat véi moi
cdu t¥ trong hén hap.

3. Chudn héa theo hé s6 hiéu chinh

Phucong phap séc ki khi thuting chiu 4nh hudng nhidu yéu t& thuc nghiém: thi du
anh hudng do d6 nén, d6 d4n nd... gay sai s hé thong. D& tranh sai s6 hé théng ngudi
ta tién hanh cdc hiéu chinh. Trong phuong phap chuin hda theo hé s6 hiéu chinh, ngudi
ta tinh tdng cdc tham s6 cua pic cd tinh dén do nhay cla detecto. Sy khdc nhau veé d¢
nhay ctia detects duge tinh nhd hé s hiéu chinh cho titng cdu tit. Ngudi ta pha ch& mau
chudn gém céc c&u ti tinh khist cd thanh phan bang nhau. Tién hanh phan tich sic ki
méu chuén vdi cing digdu kién nhu lic tién hanh miu phan tich. Chon mot chét trong
56 cac cdu tit 1am chufn (thudng 14 c&u ti ¢d thanh phin vu thé trong méu nghién ciu)
va coi hé s cha c&u ti nay bing 1. Hé s hiéu chinh K; cla céu tit i duge xdc dinh
bing:

e
A.

K, =
trong dé: A - dién tich (hodc chigu cao) cta pic chudn;
A, - dién tich (hoac chiéu cao) cuia pic cdu ti 4.
Trong trudng hgp néu 14y méiu chuéin ¢6 thanh phin khong bang nhau, thi K; dugce
tinh theo:
A W

3

K =— — K,

L
A, W

trong dé W,, W khéi lugng cla cfu tir i va cdu td chuén trong mau chudin; K. - hé s8
hiéu chinh cvia cfu ti chuén. Sau d6 cdc tham sG A, trén céc pic duge nhédn vai hé s6
K, ctia cdu tit i vira tinh duge rdi dua gia tri 4;, K; vao dé tinh todn nhu lam véi phuong
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phap chudn héa thuong lam.
" 4. Phuong phép duong chudn tuyét doi

Day la phuong phdp cho két qua phan tich chinh xdc hon hai phuong phép trén,
Trong phuong phdp nay ngudi ta xdc dinh dac trung cla cdc pic trong mAu phan tich
va xdc dinh nong do cdc ciu tif theo dd thi chudn. Phuong phap nay kha don gidn nhung
chinh xac va la phuong phédp chinh dé xac dinh ndng dé cac tap chét vi luong. Ngoai ra
trong phuong phdp khéng doi hoi phai tach mei ciu tit chia hén hop, ma chi gigi han .
cdc cdu tit can thiét phai xac dinh trong titng truding hgp cu thé.

5. Phuong phap néi chudn (chudn trong)

No6i dung cia phuong phap 1a dua vaoc hén hop phan tich mét Iwgng chat chuén c6
nong do biét trude. Ngudi ta s thé chon mét chit cd tinh chat hda I gan giéng voi tinh
chdt clia cdu tir cia hén hop, nhung khéng nhdt thist phai 14 cdu tir cua hén hgp lam
chdt chudn, Néu chit chu&n khong phai la thanh phan cta hén hop phan tich thi thanh
phan khéi lugng cGa cfu ti tinh theo cong thic

W, =—— . 100+ %
Qe
trong d6: @, @ - cdc tham s6 cua pic cdc cdu ti phan tich va cfu ti chuin; r ti l&
khéi lugng cua chét chuén trong va khéi lugng méau.

2.?.”.6._{,"’ng dunyg cia phuong phdp sdc ki khi

Phuong phap séc ki khi duge dp dung d& tdach va phan tich cac hén hop khi kha phé
bién va cd hiéu qua. Phuong phap sic ki khi duge ap dung dé xac dinh thanh phan cac
thanh phdm, trong nghién ciu héa If va mét s6 pham vi khac.

Ngudi ta thutng diung phuong phdp séc ki khi d€ phan tich cac san phdm dau mé,
khi mé, khong khi, cdc san phdm khi trong cong nghiép hda hoe, cac khi thai v.v...

Ngudi ta cling ding phuong phép sdc ki khi d& phan tich cac dong vi cua vai nguyén
t8, thi du dé€ phan tich khi hidro. Phuong phép duge dung phd bién trong cdc nganh hda
sinh, y, eéng nghiép thuc pham, trong ki thuat ché& bi&n g0, trong qua trinh nhiét do
Cag vv..,

Phuong phép séac ki khi ciing 6 thé ap dung d& phan tich cic hén hgp chit long
thode cde chdt ran bay hoi & nhiét do tuong d5i thap) sau khi cho cac chat Idng {chat
ran) bay hoi ¢ nhiét dé can thiét rdi dua cde san ph&m hoi chay qua cét sac ki khi va
tién hanh phan tich.

Ngay nay, ngudi ta da ché tao cac thigt bi sdc ki khi két hgp khéi phd, may tinh
dién ti, nhd dd nang cao duge d6 nhay, d6 chinh xdc cing nhu cd thé ty dong hda qua
trinh phan tich cac san ph&m ty nhién va cong nghé, san phdm sinh hoc ...

23.12. Cdc \ng dung chung ciia phudng phap sic ki

Ngay nay, phuong phap sdc ki duge ing dung dé tién hauh tach phan li, phan tich
nhigu hgp chédt khdc nhau, v6 co cing nhu hitu co. Trong viéc phan tich cac hop chat
hitu co, phuong phap sdc ki déng vai tro chu dao.

Dang phuong phap sic ki ngudi ta c¢d thé tign hanh tdch va phan tich nhiéu hén
hop phie tap. Ngudi ta cing c6 th€ dung phuong phép sdc ki d& phan tich cde chat ran
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khi dua ching vé trang thdi léng (hda tan vao dung moi thich hgp) hode trang thai khi
{gia nhiét).

Viée phan tich dinh tinh hodc dinh lugng cdc chit theo phudng phdp dya vao cic
dac trung luu cla qud trinh séc ki. Tinh phé bién cia cac phuang phép sic ki ngay cang
gia tang khi két hgp sdc ki véi phuong phap khéi phd hoac mét phudng phap xic dinh
thich hop khde.

Sic ki phan b& long - 1éng duge st dung dédc biét hiéu qua d& phan tich cdc hgp chat
¢d tinh chit hda hoc gin giéng nhau nhu cde amino axit.

Trong phan tich hifu co va héa sinh dic biét cé ¥ nghia 1a phuong phap sic ki gidy
12 mot phuong phép sédc ki rat don gidn va ¢d dé nhay cao.

Phuong phap sdc ki l6p méng c¢d d6 lip lai cao, ing dung d€ xdc dinh cdc chat trong
cac d8i tugng tu nhién, trong duge phdm, cdc mau hda sinh va nhidu dé6i tuong khac.

Phuong phdp sic ki trao ddi ion la phuong phdp thich hgp cho viée tdch va phan
tich cdac hén hgp cac ion phdc tap. Day ciing la phuong phap lam giau cdc chat vi lugng
va e6 thé€ dp dung vao quy md tach, lam gidu cdéng nghiép. D& dng dung phuong phap
shc ki vao viéc phan tich vat chét digu quan trong Ja can chon mot sa db thich hgp cho
qui trinh ti&n hanh cdc qua trinh sic ki, Sau day la cdc nét chung cho mét so 46 chon
cde dang sdc ki trong qué trinh phan tich cdc chat

Chat nghién cuu

)¢ bay hoi Khe bay hoi
““-""‘-\-..
e ki long Gia nhiét manh
Khi - hiip phu  Sdc ki khi - long Khang phén cue Phin cuc Sic ki khi
Thudn pha  Nguoc pha
Phan cyc y&u Phén cye manh

S\

Thudn pha  Ngwoe pha  Bjion héa  Khéng bj

1— jon hoa

Ste ki Sdc ki
trao d0i ion nguoc pha

Hinh 23.I6. Sur 43 tich vi phan tich csc chit theo phwong phip sfc Ki.
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