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Lé&i néi diu

Cuén sach nay dugc bién soan 14n ddu
tién nam 1981". V& co ban ndi dung cla sach
phu hgp v8i chugng trinh giang day hién hanh

“tai ca&c trudng Dai hgc Su pham. Trong I&n

xudt ban nay ching t6i cé silla déi, bd sung
cac ni dung sau diy :

1. Chuagng VIl trong!¥ "Phan dng tao két
tia trong phan tich dinh lugng" dude bé di, vi
ndi dung chl yéu cila chuong nay da dugc xét
dén trong chuong V, phan If thuyét can béng
iont2),

2. Dua chuong "Phugng phap phan tich
kh&i lugng" 18n trudec cac phuong phap phén
tich thé tich nham van dung ngay cac kién
thiic vé do kh8i lugng da trinh bay trudc do.

3. Luge bd phén thao tac cén (can theo

phudng phap dao déng va cach kiém tra qua
can).

(1) Nguyén Tinh Dung, Héa hoc phan tich, Phén (I, Cac phuang phap dinh lugng hoa

hoc, NXBGD, Ha Ngi, 1981

{2) Nguy&n Tinh Dung, Héa hee phan tich, Can bing ion trong dung dich, NXBGD,

Ha N¢i, 2000



4, M3 réng thém phan "Sai s8 trong phén
tich dinh iugng”, trong dé ¢é dua thém mét sé
ndi dung (danh gia sai s6 trong cac phép do
gian tiép, loai bo sai s8 ths, s6 cé nghla).

5. Song song véi viéc s dung quy tic
duong lugng, ching t6i su dung rdng rai dinh
luét hgp thic.

6. B8 sung mét s& bai thyc hanh vé phan
tich dinh lugng. :

7. Cudi mdi chuong ¢cé dua mot s6 cdu hoi
va bai tap co ban dé gidp ngudi hoc van dyung
ki€n thic. Cac bai t&p nang cao ban doc cb
thé tim trong cac sach bai tapll.

Hi vong sach dap dng dugc yéu cu lam
tai ligu hoc tap cho sinh vidn cac trudng Dai
hoc Su pham, lam tai liéu tham khdo cho sinh
vién cac trudng Dai hoc khac cé hoc hda hoc
va gido vién, hoc sinh cac trudng Cao ding
Su pham, Trung hoc phd théng.

Ha N§i 5/2000
Téc gia

Ldi cam on

Trong l4n tal ban thd nhdt ndy ching t4i xin cam on tién
si Dao Thi Phuong Diép, bd mén Héa phan tich DHSP Ha Noi
da gép nhidu y "kién va giip hoan thanh chinh If tai ban.

Ha N6i 10/2001
Tae gié

(1) Nguyén Tinh Dung, Bai tap héa hoc phan tich, NXBGD, Ha Noi, 1982
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Chuong 1

pOI TUONG, NHIEM VU CUA
PHAN TiCH DINH LUONG

§1.1. VI TRi CHUC NANG CUA
PHAN TiCH DINH LUONG

Phan tich dinh lugng ¢ nhitm vu xdc dinh thanh phédn djnh
lugng cia cac cdu tit ¢d trong dSi tugng phén tich (thudng la
danh gid lugng tuong déi theo %). Cédc cfu td & diy c6 thé la

cdc nguyén t8 {cdn hodc khdng clin xét dén trang thdi k&t heop

hodc trang théi oxi hda — kha ¢ trong chat phan tich, céc géc
hodc cdc nhém chic (trong phan tich hitu co), cdc hgp chit
hoac cd thé 1a cdc pha (don chdt hay hop chét).

Cé th€ nsi phén chu y&u cia hda phan tich 14 phan tich
dinh lugng. Tuy vay, trudc khi ti€n hanh phan tich dinh lugng,
nhi&t thiét phai biét thanh phdn dinh tinh cda d8i tugng phan
tich. Thong thudng, ¢d thé biét chic thanh phfn dinh tinh cla
chdt duya vao nguén ldy miAu phan tich (vi du, mot loai hgp
kim nao dfy, hosic mot loai quing x4c dinh..), vl vAy cd thé
tién hanh dinh lugng trdc ti€p. D8i véi cdc d6i tugmg phan tich
la thi bit budc phai xic dinh dinh tinh trutc khi ti€n hanh
dinh lugng. Mat khéc, ciing c&n th&y ring nhing két qua phan
tich dinh tinh ¢ mdt mic d¢ ndo dé mang mau si¢ dinh luong
va ¢6 th€ dinh huéng cho ngudi pharn tich d& ra nhitng quy
trinh dinh lugng hop H. Vi du, cudng d¢ mau cta phdc chat
tao thanh, lugng két tia tach ra, cudng d0 vach quang phd
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trén kinh Anh v.v... déu it nhiéu cho ta bi&t ham lugng céc cdu
ti cd trong ddi tugng phén tich la nhiéu, it hay chi la vét.
Nhitng k&t qua phan tich dink tinh cing cung cdp nhiing thong
bdo can thist vé cdc nguyén t6 phu cd thé cd mat trong chit

phan tich lam can trd viéc dinh lugng c&u td chinh va giap ta

chon quy trinh phan tich thich hgp.

Phan tich dinh lugng ddng vai trd quan trong trong su phat
trién cua khoa hoc, ki thuat va sdn xuAdt. N&i chung, viéc xay
dung cdc dinh luit co ban cia hda hoc déu dua trén nhitng
k&t qua cua phan tich dinh lugng. Cd thé ndéi phan tich dinh
lugng 12 mét phuong phép nghién cdu che nhiéu nganh khoa
hoc khdc nhau : hda hoe, khoa hoc vé Trai dat, sinh vat hoc,
thd nhudng, y hoc, khdo c6 hoc v.v. Dac biét, nd ddng vai tro
h&t sdic quan trong trong viée ki€m tra san xuit trong cong
nghiép hda chdt. Nhd viéc phén tich thudng xuyén ham lugng
cdc cfu td¥ trong cdc nguyén liéu, cdc bdn thanh phdm, cing
nhu ki€m tra chit lugng cic sin phdm ma ngudi ta cé thé
diéu chinh kip th3i cdc quy trinh cong nghé va tranh duge lang
phi c6 khi rdt 16n trong cdc nha may, x{ nghiép.

Phan tich dinh luqng déng vai trdo hét sdc quan trong trong
diéu tra co ban tai nguyén (phan tich quang, nuéc, dit...) phuc
vu cho cac muc dich kinh t& va quéc phong.

Do sy lién quan méat thi&t gilta phan tich dinh lugng vdi san
xuft nhu vay, nén cung v8i su phat tri€n clia sidn xuft, cdc
phuong phip phan tich dinh lugng khéng ngling duge hoan thién
dé phuc vu kip yéu cfiu cha san xuft.

Trong nhiing nam gén day, sy md réng lanh vuc kham phd
cia con ngudi vao séu trong long dit clng nhu trong vi tru
dia ddi héi dac nha phan tich phai tién hanh phan tich trong
nhiing diéu kién r&t dac biét, & dudi 4p suit rdt cao, & nhing
nhidt d¢ rit 'cao hoac rdt thdp, v.v..

Phan tich dinh lugng thudng dugc chia ra thanh phan tich
vd co va phan tich hitu co. Ca hai ngdnh déu cé th€ coi 12
cing dua trén nhitng co sd H thuyét nhu nhau hodc it ra thi
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ciing gdn nhu nhau. Tuy vay, dé tién hanh phan tich vé co
phai ¢6 nhiing chufin bi truéc vé ki€n thic voé ca dai cuong.
Dé& tién hanh phan tich hiu co phdi cd sy chufin bi kién thic
vé ‘hda hitu co, nhadt la phan tich dinh tinh hitu co. Nhing
nguyén li chung vé hda hoc phan tich duge minh hoa t6t bang
cic vi du vd co, vi viy trong cac gidao trinh co sd vé hda phéan
tich dinh lugng thudng liy céc vi du vé& hda vé co.

D6i voi viée giang day hoa hoc & trudng phd thong, viéc nim
vitng cac phuong phdp phan tich dinh luong hda hoc s& gidp
cac gido vién xiy dung ding, chinh xdc va sang tao cac bai tap
héa hoc mang dac tinh dinh lugng.

§1.2. QUA TRINH PHAN TiCH

Cé thé chia nhitng qua trinh phén tich v6 co thanh nhiing
giai doan co ban sau day :

1. Chon méu dai bi€u, tic l& chon mét phdn nhd chit tiéu
bi€u cho toan bd d6i tugng phan tich. Vi du, khi tién hanh
phan tich chi ldy d¢é vai phdr mudi gam, dai bi€u cho hang tén
vat lieu. DPay 1a diéu khd phic tap.

2. Chuyén chit phan tich vao dung dich : khi tién hanh phan
tich bing phuong phiap hda hoc phai héa tan hoan toan-méiu
trong dung moi thich hgp va tién hanh phan tich trong dung
dich. Khi st dung méot s6 phuong phap vat li co th€ khong cédn
hdoa tan mAu, nhung phai ¢ mét s dong tdc xit i hda hoc
trdde d6i véi méu.

3. Tach cdc cAu tit cén trd khi tién hanh phan tich cdu ti
chinh. & day phai ding cac phuong phap hoa hoe, héa 1i va cé.
phuong phap vat li khi cdn.

4. Tién hanh phan tich

5. Tinh k&t qua phan tich bao gém danh gid két qua va do
chinh xdc cta két qua phan tich.



§1.3. PHAN LOAI CAC PHUONG PHAP
PHAN TiCH DINH LUONG

Cé th€ phan chia cidc phuung phip dinh lugng thanh hai
loai : cdc phuong phdap héa hoc va cdc phuong phdap vat li va
hda 1. '

I - Cac phuong phép héa hoc

- Cac phuong phdp hda hoc dua chd y&u trén viéc d4p dung
cdc phan tdng hda hoc e¢d lién quan dén cfu td phan tich. Su
khiac nhau gita cdéc phuong phip héa hoc la do su khac nhau
vé phuong phdap do lugng thude thi hoic san ph&m tao thanh
trong phan ing. Chéng han, d€ xic dinh ham lugng cia cfu
td M cd trong chdt phan tich ngudi ta cho né tiac dung vdi
mot thudc thd R. Phan dng hda hoc xdy ra hoan toan va theo
quan hé hgp thite M + nR = MR . D€ xdc dinh M c6 thé diang
du thufe thi R. Sau dd tdch san phdm tao thanh thuwong ¢
dudi dang k&t tda it tan. Dya vao khéi lugng két tda thu duge
cé th€ tinh dugc ham lugng M trong chét phan tich. Phuong
phdp nay duva chdG y&u trén viéc cAn lugng san phAm phéan dng
nén thuong duge goi la phuong phép khéi lugng.

DE xac dinh M clng cd th€ cho moét lugng chinh xdc thude
thd R du tdc dung via hét véi M. Théng thudng ngudsi ta do
thé tich cia dung dich thufc thi R cd néng d6 chinh x4c da
bigt, va tit dd tinh dudc lu:t;ng cfu tit cdn xac dinh M. Phuong
phap phan tich nhv vay duge goi la phuong phdap phan tich
thé tich.

Cidc phuong phédp phén tich khéi lugng va thé€ tich duge ding
dau tién trong phan tich dinh lugng. Vi viy, d4i khi ngudi ta
goi cdc phuong phdp nay la cdc phuong phdp kinh dién.

Né&u sin phdm phan dng 12 chdt khi va cd th€ tim dugc

lugng cia nd bang cach do th€ tich khi & mét nhiét do va ap
sudt xdc dinh thi ta ¢d phuong phdp phan tich khi.
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II - Cic phuong phédp vat i va hoéa li

Cac phuong phdp vat li dua trén viéc do mot tinh chat vat
H nao dé (vi du : do hdp thy anh sang, d6 dan dién, dién thé,
v.v. cia d8i tugng phan tich). Tinh ch4t nay la ham cta khéi
lugng hodc ctia néng 46 cdu tit trong chit phan tich, vi vay
can cd vao két quid do cd 'th€ suy ra ham lugng cla cfu id
xdc dinh. Vi dy, cudng d6 mau cia dung dich K,CrO, ti l¢
thuan v4i néng d¢ ctia chdt nay trong dung dich kiém, vi vay
cd thé do d¢ hdp thu dnh sdng cia dung dich nay ¢ mét budc
séng xdc dinh d€ suy ra néng do va lugng crom cd trong dung
dich. '

Tuy v4y, thong thudng phai st dung phan wng hoa hoc dé
chuy&n cdu ti phan tich thanh dang cé tinh chit vat li thich
hop c6 thé do duge. Ching han, d€ dinh lwgng mangan tén tai
trong dung dich duéi dang ion Mn?* phai tién hanh oxi hda ion
ndy thanh ion MnO, cd mAu tim dic trung. Bing cich do phd

hdp thu cta ion MnO, cé th€ suy ra nong d6 ion Mn?*. Cac

phuong phép thudc loai nay 1a cAc phuong phdp héa I, trong
dd céc phdn d@ng héa hoe ddng vai trd quan trong.

Trit mét s6 ngoai 18 ra, hdu hét cdc phuong phép vat I va
héa 1i déu la nhitng phuong phap ddi héi phai ding méy do
(ngodi cdc dung cu théng thudng nhu can, buret, pipet v.v.). Vi
vay, cdc phuong phap nay duge goi dudi tén chung 1a cic phudng
phap cong cu. Cac phuong phdp vat I va hda li quan trong
nhét déu dua trén sy phat va hdp thu cdc bidc xa (cac phuong
phép quang phd hdp thu, phat xa v.v.).

Ngoai hai phuong phap trén, con cé phuong phép vi sinh dé
dinh luong cdc vét chdt dya trén hiéu dng cta ching t&i téc
dd phat tri€n cia cdc vi sinh vat. Tuy vay, chidu hudng nay
chua phat tri€n manh.

Trong mdy chuc nam gin day cdc phuong phap vat H va
hda li da phat trién r&t manh mé. Uu di€m cta cdc phuong

phap nay la d6 nhay cao, téc do phan tich nhanh, dung rat phé
bign trong céc phép phan tich v&t ciing nhu trong phan tich
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hang loat dé ki€m tra sdn xuidt. M4t khic, tam li cia moi ngudi
lam phan tich van thich do doc trén may (dn nit, bat, ngit
dién... d€ doc s6 liéu) hon l1a chi don thuin lic, d§, dun ndng,
quan sat v.v.. Diéu d6 cang thuc ddy su md réng pham vi dng
dung cua cdc phuong phap hda li va gay mot tam 11 cho rang
cdc phuong phap hda hoc da "hét thai”.

Sy thye, cdc phuong phap hda hoc vdn déng vai trd quan
trong va cAn thi€t trong phén tich hign dai.

D6i v6i nhiéu nguyén t6, néu ham lugng khdong qua bé thi
d6 chinh xdc cia b4t ki phudng phap phan tich nio cing khéng
thé vuot qua do chinh x4c cia phuong phap hda hoe. Mat khac,
cdc phuong phdp héa hoc cho truc tiép két qua phan tich, ma
khéng cdn diing miu chuén, tri cdc chét nguyén chit phai ding
lam chdt chudn g6c trong phan tich thé tich. Da s6 cic phuong
phép coéng cu doi hdéi phdi cd mét day chudn cd thanh phan
tuong tu nhu trong miu phan tich d€ chufn hda may. Céac miu
chufn nay né&u khéng tdng hgp dugc thi phai duge thiét lap va
phéan tich c8n than theo ciac phuong phap kinh dién. D6 14 chua
k€ nhidu phuong phap coéng cu ddi hdéi mét loat dong tde xi 1
trude bing phuong phip hda hoc theo "18i wdt" nhu vén thudng
ndi, vi du hoa tan, nung chay mau, tach cic nguyén té can tré,

c6 dac bang chiét v.v. V& mat trang bi, cdc phuong phip héa.
hoc chi doéi héi cdc dung cy ré tién, don glé.n, 4 bat ki phong

thi nghiém nao cing cd thé cd.

§1.4. PHAM VI PHAN TiCH

D€ phan loai cdc phuong phdap phan tich ngudi ta chd y dén
hai y&u t6 quan trong 12 kich thudc miu thit duge 14y dé phan
tich va ham lugng % cia cdu ti cdn phan tich.

Ngudi ta phén biét miu thudng v6i khdi lugng miu tu
0,1 - 1g. M&u ban vi : 0,01 ~ 0,1g. Mau vi lugng 0,001 - 0,01g
va maiu siéu vi lugng < 0,001g.

10
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Ham lugng cdc cdu tit duge phan biét thanh : cdu ti lugng
lén : 1 - 100% ; bé : 0,01 ~ 1% va vét : < 0,01%.

Tuy theo kich thudc mau va ham lugng cfu td phan tich
ma ta s dung cdc phuong phap phan tich tuong dng. Chang
han, n&u méu phan tich ldy trong giéi han 1 - 0,1g, va ham
lugng cfu tit phan tich trong méu la 107%%, thi phuong phap
phan tich sit dung 13 phuong phdp thudng - vét. N&u kich thudc
miu 14y d€ phan tich trong khoang 0,01 ~ 0,001g, con ham
lugng cdu ti phan tich la 1073%, thi phuong phap ding d&
phan tich 12 phuong phap vi lugng - vét, v.v...
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Chuong 2

BIEU DIEN VA PANH GIA KET QUA
PHAN TICH DINH LUQNG

§2.1. CACH BIEU DIEN KET QUA PHAN TiCH

I - Biéu dién héa hoc

Ngudi ta thudng bi€u didén cfiu td ph4n tich theo dang tén
tai cia nd trong ch&t phan tich. VI du, nitc duge bifu dién
du6i dang : NOj, NO;, NH,;, NHy ... Cdc mu6i thudng duge bifu

dién duéi dang jon, vi du : K', SO%F.

D6i v6i céc hop chdt chua bist chinh x4c thanh ph&n hoic
khi khéng cén xéc dinh truc ti6p thanh phdn thi thudng bifu dién
cdc cfu ti dudi dang cdc nguyén t8 hodc duéi dang céc oxit.

Théng thudng muc dich phan tich quyét dinh cdch bigu dién
ciu t¥ phan tich. Ching han, sit trong quing dude bi€u dién
dudi dang Fe ; canxi trong d4 v6i duge bi€u dién dusi dang
Ca0, néu ding d4 v6i dé san xuit voi. Thong thudng, khi phan
tich todn phén mot miu v6 co phic tap chda oxi thi ngudi ta
bi€u di€n cdc nguyén t6 duéi dang oxit (vi duy, Ca - CaO ; Si
- 8i0, ; P - P,04 v.v..), bdi vl & day khong thé xac dinh tryc
ti€p oxi ma oxi thudng ké& hogp v6i cac cu tit khac.

II - Bi€u dién s8 hoc
Ham lugng c&u ti c6 trong mAu thutng duge bi€u dién dusi
q
dang = K.
ang Q
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6] day, ¢ : lugng cdu td cd trong miu ;@ lugng miu
K : thita s6 tinh. Néu ¢, @ cing don vi khéi lugng va K = 100
thi ham lugng cfu td dugc bidu dién dusi dang ham lugng %
khéi Ivgng cia cdu t¥ trong méiu.

Néu K = 1000000 va g, @ cung don vi kh6i lugng thi két
qué s& dugc bi€u dién thanh phédn triéu khéi lugng cfu tit trong
miu (ppm)*. Cing cé thé bifu dién ¢, @ theo don vi thé tich.
D&i v6i cac chdt rén thi thuong bi€u didn dusi dang % khéi
luong, hodc phén tridu (ppm), néu khéi lugng cdu ti trong mau
" 12 qud bé. Vi dy, 1 gam NaCl chia 0,0015mg Fe thi cd thé ndi
ham lugng Fe trong natri clorua la 1,5 ppm Fe.

Da&i véi cac chdt ldng thi c¢d th& bi€u dién duéi dang :

1. % khéi luqﬁg P, bi€u dién phdn khéi lugng cdu ti trong
100 phén khéi lugng méu.

2. % thé tich PY bidu dién s6 phin thé tich cfiu td trong
100 phan thé tich méu (& nhiét d6 x4c dinh).

3. % khoi lugng - thé tich P¥ bifu dién phdn khéi lugng
ciu ti trong 100 th€ tich miu, thusng dung khi cén biéu dién
néng dd % cia chdt rdn hoic 1éng nguyén chét trong mot chat
léng khéc & mdt nhiét dd xdc dinb.

4. % th€ tich - kh6i hugng P}, biu dién phdn thé€ tich cfu

t¥ trong 100 phdn kh6i lugng mAu, thuong diung d8 bidu dién
néng do % theo thé tich chit ldng hodc khi trong mot khéi
lugng chit 16ng khac. :

Céc hé thic lién he :
PY = PYid, (d; = ti kh6i méu léng)

PY = Pd d, = t| kh6i cdu ti Iong)  (2.1)
dC
FL =P A

* ppm, vi€i 141 cha ba chil ti€ng Anh "part per million nghia 14 m&t phin trigu.
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Trong trudng hop khi lugng cdu tif trong chdt phén tich la
qua bé thi ngusi ta thudng bi€u dién theo phdn triéu (ppm).
Vi du trong 1 lit nudc thién nhién cd 0,002g chi thi ta néi cd
2ppm Pb?* nghia 1a c6 2 phin khéi lugng chi trong 1000000
phan thé tich nudc. D6i véi cdc dung dich rét loang thi d =1
nén PY = PY.

Péi vl chdt khi thi thudng biu dién theo s8 % thé
tich Py .

Vi du 2.1, Khi cho 1,150 lit khéng khi khé (8 diéu kién 0°C,
p = 760 mm Hg) di cham qua mot dung dich NaOH dac thi
lugng khi CO, bi NaOH git lai 12 1,3 mg. Tinh P CO, trong
khong khi.

1.3
S8 mol CO, = —
e EVIRTS
1,3 x 22,4
Thé tich CO, ¢ trong khong khi : —m—oi™
ic , €6 trong ng 11 10
13.22,4.100 _ oo

v T 44.10%.1,150

Vi du 2.2. Cho biét ti khéi cia rugu etylic la 4, = 0,7939.
Hay tinh thanh phén % kh6i lugng P¥ cta ruou 95% theo thé
tich, biét ring ti kh6i cua rdou 95% la 4 = 0,8160.

d 0,7939

95. m = 92,43%

% = PV

w o V‘EI=

§2.2. BIEU DIEN NONG DO
TRONG PHAN TiCH PINH LUQNG

Trong phén tich dinh lugng ngudi ta thudng ding cac loai
ndéng d6 sau : :
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I - Nong dé phén tram _

Néng d5 phdn tram la khsi lugng chat tan trong 100g
dung. dich (Py); hodc khéi Iugng ch&t tan trong 100m! dung
dich (P¥). ’

P¥ = P¥d, (2.2)

w

D&i véi cdc dung dich loang thi Py = P¥,

I{I - Néng dé mol

Nong d6 mol (Cy;) 1a 56 mol chdt tan trong 1000m! hay 1!
dung dich (hoac s6 milimol (mmeol) trong 1mli).

Dé ki hiéu néng d6 mol ngudi ta ding chit M, vi du, dung
dich NaOH 0,25M cd nghia la trong 1 lit dung dich ¢6 0,25 mol
NaOH. D€ y rang khéi lugng mol, ki hiéu bing M, hoac cdng
thic phan td in ddm, chi s6 gam chdt cda lmol

My.on = NeOH = 40,00g.

Néng dé % la néng do gin dﬁng, con néng 44 mol 1A loai
néng d6 chinh xdc. Tuy vay , trong thuc t& doi khi phai pha
ch& gan ding mot dung dich ¢d néng d6 mol cho trude di tit
héa chdt géc thudng 1a cac dung dich dém dic c¢d ndng d6 %
biét truoc. O day ta thudng phai tinh thé tich dung dich gée
v m! phai 14y d€ pha ché duge V lit dung dich ¢6 ndéng dé mol
Cy Ta dung hé thuc :

Co . M.V.100
p= o T 2.3)
P

O day, M la khéi lugng mol cia chit tan, 4, la ti khéi cia

dung- dich gée.

Vi du 2.3. D& pha ché& 1 lit dung dich axit HCIO, 0,10 M
cin dung bao nhidu m! HCIO, 70%, d =1,67, Py = 70%

P¥ = P¥d, = T0% x 1,67 = 116,%
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Mycio, = 0,10 x 100,46 = 10,046¢

Mo, = "ucio, -

10,046.100
v = ‘-W" = 8,69 m!

Cén ldy 8,6 m! HCIO,, pha loang thanh 1 lit.

III - Néng d§ duong lugng

1. Duong luong (d)

Duong luong chi lugng chdt tuong duong hoid hoc v6i mot
mol (nguyén td hoidc ion) hidro. _
~ Trong phén dng HCl + NaOH — NaCl + H,0

1 mol HCl chda 1lmol ion hidro, vi viy 1 duong lugng cta
HCI bang 1lmol ; 1mol NaOH phan ing hét v6i 1mol ion hidro,
vi vay 1 duong lugng cta, NaOH cing bang 1mol NaOH.

Trong phan dng H,80, + 2NaOH -+ Na,80, + 2H,0

1 mol H,80, ¢6 2 mol ion H' tham gia phan dng nén duong
lugng chaa H,SO, _béng % mol ; con 1 duong lugng cia NaOH
vin bing lmol.

Bai vi duong lugng clia moi chét déu duge quy vé mét mol
ion (nguyén td) hidro nén s8 dueng lugng cia céc chét phén
ing phai bing nhau. D6 1a thuén lgi co ban cita phép tinh theo
duong lugng. Tuy viy, duong lugng khong phai 1a mét dai lugng
hang dinh ma thay ddi theo phan dng hda hoc. Dd la disu bat
tién cda khai niém nay.

Viéc tinh todn két qua phén tich theo dinh luat hop thic cd
nhidu uu di€m va ngiy cang dugc st dung rong réi. Tuy vay
quy téc duong lugng da duge st dung t¥ lAu vi hién nay vén
dang duge ding, tuy ring viéc bi€u dién két qua phan tich cubi
cuing vin quy vé don vi mol.

B&i vi 1mol ion hidro tuong duong véi lmol ion hda tri 1
cliing nhu 1mol electron, do dd duong lugng cling 14 lugng chét
tuong dudng hda hoc véi 1mol ion hoa tri 1 hodc 1 mol electron.
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Trong phan dng  BaCl, + Na,80, — BaSO, | + 2NaCl
1 duong lugng cta BaCl, béng 0,5 mol BaCl,, ciing viy 1 duoung
lugng Na,50, = 0,5 moi Na,50,.

Trong phin tdng Fe¥* + e = Fe?*
1 duong lugng Fe** bing 1lmol jon Fe**

2. Khé'i heong duong luong (D)

Ciang nhu khdi lugng mol 13 s6 gam cia 1 mol chit, khéi
lugng duong lugng 1a s8 gam cta 1 duong lugng chét. Néu ki
hiéu khéi luong duong lugng 1a P thi

Khai lug /S
D = i n_ng mo (2.4)

n 14 s6 mol ion (nguyén t) hidro, ion hda tri mét, electron
duge cung clp béi (hoac k&t hgp vai) 1 mol chdt trong phan
dng ma ta xét.

Vi du 2.4. Xét D cua céc chdt trong céc phan Ung sau :
1. H,C,0, + 2NaOH — Na,C,0, + 2H,0

(H,C,0, + 20H© - C,0,2 + 2H20

b _ Muco,  HCO,
HGO, = T3 - 3

27274

M hodc codng thic phan t in dam chi khdi luong mol.
2. H,C,0, + NaOH — NaHC,0, + H,0
(H,C,0, + OH™ — HC,0; +H,0)

b = M,

H2C204
+
5| H,C,0, ~ 2C0, + 2H'+ 2¢

MnO, + 8H' + Be —» Mn?* + 4H,0

H,C,0,

5H,C,0, + 2MnO; + 6H* — 10CO, + 2Mn?* + 8H,0

T2-HHPT-Phén Ili .. 17



H0,
Pyco, = 73
MnO;

DMnO_;_ = 5

4. Ag" + 2NH, — Ag(NH,);

1 ion Ag' lien k&t phsi tri voi 2 phan ti NH,
H,N — Ag" « NH,
D6i vdi mbi chat tham gia lién k&t phdi tri thl méi lien k&t

tuong dng voi mot electron (vi cap electron dung chung cho ca
hai), do d6 :

Ag
D= > JDNH3 = NH,

3. Ning d¢ duong beong

Néng d6 duong lugng la s6 duong lugng chét tan trong 1
it dung dich (hoic s8 mili duong lugng trong 1m! dung
dich). Ngudi ta quy udc ding N d€ bi€u dién néng d6 duong
lugng. Vi duy, dung dich HCI 2,1N c¢d nghia 1a trong 1 lit dung
dich HCl cé 2,1d HCI hoac 2,1 x 36,5g = 76,65¢g HCI.

4. Quan hé gitta nong d6 mol va ndng d6 dwong lirong
Giad st cé ag chidt tan trong 1 lit dung dich. Néng d& mol

Cm = MLA nong dg duong lugng Cy = ;A
MA
Bai Vi DA = — nén :
n
oy = nc,, (2.5)

Béi vi duong lugng phu thudc phdn dng nén néng d6 dudong
lugng cing thay d8i theo phan dng. Do d6, trong thuc t& khi
bi€u dién néng d¢ cée chét ngudi ta thudng ding néng do mol
va chl khi tinh k&t qud phan tich méi chuyén sang ndng do
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dugng lugng, va hé thic (2.5) duge ding d€ chuyén sang néng
d6 duong luong khi tinh va sau d6 lai chuyén sang néng do
mol khi bigu dién két qui cuéi cing.

5. Quy tdc dwong luong
Trong mdt phan Wng hda hoc tong s8 duong lugng cda cac
chdt phan iing phai bing nhau.
mA +nB = pC + gD
Tai di€m hgp thic : sb dA = g6 dy = 86 d = 86 dpy
D€ tim s6 duong lugng cd thé :

a) Nhan néng d6 duong lugng véi thé tich dung dich tigu
thu.

b) Chia s6 gam ché&t phan iing cho khéi lugng dudng lugng
ciia chit da.

Vi dy, d6i vdi phan dng gita hai cht A vd B.
s6 d, = 88 dp _
Ca-Va = Cnp- Ve
(@8)p
hoac D_A = (CN)B 'VB . (26)

68)y
(Cda-Va = .

B
O day, (Cy), » (Cy)p = néng d6 duong lugng cla A va B
V., , Vg = thé tich A va B da tham gia phan ing, (lit)
a, va by la s6 gam cla A va B da tham gia phan idng (gam).

ChG y rAng, néu V tinh theo ml thi Cg .V = 6 milid =
s6 d/1000. Cang vay, néu lugng can o tinh theo mg thi

= s6 milid

e
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Vi dy 2.5. D& trung hoa 25,00 m! dung dich HCI phai dung
hét 15,86 ml dung dich KOH 0,0200 M. Tinh néng dé mol
cua HCI.

Phuong trinh phan dng chudn dé :
' HCI + NaOH = NaCl + H,0
Quy tdc duong lugng :
56 milid (HCl) = s6 milid (NaOH)

25,00.C(HCl) = 15,00.C,(NaOH)

Pron = Myon 3 Pua = Muq nén

Cy(KOH) = C,, (KOH) = 0,02000

15,86. 0,02000
CN (HCl) = _25—,60— = 0,012690N
C(HCH = 0,01269M.

Vi dy 2.6. D€ phan Ung hét vai 25,00 ml dung dich axit
oxalic chta 6,300 g H,C,0,.2H,0 trong 1 lit dung dich, ngudi
ta phai dung 20,18 m! dung dich NaOH.

Tinh néng dé mol cia dung dich NaOH.

H,C,0, + 2NaOH = Na,C,0, + 2H,0

H(30,-2H,0 126,00

By co, mo = 2 =5 = 6300g
$6 d (H,C,0, . 2H,0) = s6 d (H,C,0,) = s6 ¢ (NaOH)
25,00. 6,300 '
86 d (HC,0p = 1000 . 63,00
20,18. Cy
S8 d (NaOH) = 1000

Suy ra C(NaOH) = 0,1239N
Cy(NaOH) = 0,1239M
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Vi dy 2.7. Hoa tan 0,1260 gam H,C,0, . 2H,0 trong nudc,
axit héa bing H,S0, r6i chufn d¢ v6i dung dich KMnO, hét
18,75mi KMnQO,. Tinh néng dé mol cia KMnO,.

Phuong trinh phan ¢ng chuén do :
2| MnO; +8H"* +5e — Mn?* +4H,0
5| H,C,0, — 2C0, + 2H" + 2e

2MnQ; + 5H,C,0, + 6H = 2Mn?* + 10CO, + 8H,0

HyC,04. 2H,0 126,00
Pyco,.2m0 = 2 = —5 = 6300g

s8 de2c204 = simd KMnoO,

0,1260
63,00 X 1000 = 18,75. Cy
0,1260x 1000
CN(KMDO4) = m = 0,1067N
C
N 06,1067
Cy (BMnOy) = — = =—=— = 0,02134M

IV - D& chufin

Trong thuc hanh phéan tich, nhdt la phéin tich hang loat trong
sdn xudt, d6i khi ngudi ta bi€u dién néng do dudi dang do
chuéin (7). '

D¢ chudn bifu dién s§ gam cia chit trong 1m! dung dich.
Vi du Ty, = 0,00865 c6 nghia 1a 1m! dung dich HCl chda
0,00365¢ HCI. Biét do6 chuin cd thé tinh d& dang néng 46 mel.
Vi dy, d6i voi dung dich HCIl & trén, ta cd :

c Ty - 1000 _0,00365. 1000

M(HC) = Tﬂmo/ = 365

= 0,100M
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Déi khi ngudi ta bi€u dién d¢ chudn theo chét xdc dinh, vi
du T, '(la d¢ chudn cia chdt A theo chdt xdc dinh B) bigu
dién sé gam chdt B tuong duwong hda hoc voi 1m! dung dich
chdt A. Vi du Tycycao = 0,0056 c6 nghia 1a 1m! dung dich
HCl phan dng hét (hoac tuong duong) vai 0,0056g CaO.

Biét d6 chufn theo chét xdc dinh cd thé tinh dé dang néng do
duong luong cia cdc ch&t. Chidng han, trong vi du & trén, 1m!
HC] phan dng hé&t (hoge tudgng duong) vdi 0,0056g CaO nén sd
duong lugng cia HCl cd trong 1lml dung dich bing ding sé
duong lugng cia CaO ¢é trong 0,0056g CaO ma 1 phan tit CaO

CaO 56,00
ca0 = g T T nénm
ta ¢6 néng d6 duong lugng cta HCI la

c _ 0,0056.1000
N(HC) = T 56,00
2

phan dng hé&t v6i 2 phan tid HCl nén P

Mot cach t8ng quat :
T, g 1000

Viéc bn‘-:-u dién néng d6 theo d¢ chuén rit tién loi trong
phan tich hang loat. O day, ta chi cfin biét th€ tich cdc dung
dich tiéu thu trong cdc phép phén tich thé tich 13 ¢d thé tinh
iryc tidp ra s6 gam cdc chét. Vi dy, d6i v6i V,ml chdt A ta co

&8 gam chit A 1a :
Qy =T,  V, @ (2.8

s6 gam chit B :
Q = TapVa ® 2.9

Vi dy, khi dinh lugng Fe ngudi ta ti&n hanh oxi hod ion
Fe?* bing dung dich KMnO, c¢6 do chufin theo sAt
TKan /Fe = 0,0056g. Khi phan tich mot miu sit nguvi ta phai

ding hét 41,05mi dung dich KMnO,, vay s6 gam Fe trong miu
la :

41,05.0,00568 = 0,2332g.
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§2.3. SAI SO TRONG PHAN TiCH
PINH LUONG HOA HOC

Gia tri cia mot phép phan tich dudc danh gia ¢ 4o ding va
d6é lap cua k&t qua thu duge.

I~ D dang va d§ lap

D¢ dung phan Anh sy phu hgp gita két qua thuc nghiém
thu duge vdi gia tri thuc cia dai lugng do. DO lap phdn anh
su phit hgp gitia cde két qud thu duge trong céde thi nghiém
lap lai trong cung diéu kién thuc nghiém quy dinh cia phép
phan tich. Két qua phan tich cd thé cd dd 1ip cao (chinh x4c)
nhung khéng ding.

Vi dy, khi ki€m tra dung dich HCl cd néng do chinh xac

0,1000M, hai sinh vién A va B thu duge k8t qud trong cdc thi
nghiém doéc l&p nhu sau :

A : 0,1002 ; 0,0999 ; 01004 0,0996 ; 0,1003
B : 0,1014 ; 0,1017 ; 0,1016 ; 0,1015 ; 0,1014

Ro rang, két qua cia sinh vién A ding nhung kém chinh xdc,
k&t qua cta sinh vién B cd dé lap tot nhung d6 ding thi kém.

Do ding va dé lap cd lién quan chat ch& v6i sai 86 phén
tich. Ngudi ta phén biét sai s6 hé théng va sai s8 ngdu nhién.

II - Sai s& hé thong

Sai s hé thdng lam cho k&t qua phan tich khong ding.
Nguyén nhan cia sai s6 hé théng 1a xdc dinh, vi vé nguyén
tdc co thé bi&t duoc. Mébi loai sai s6 hé thdng lam cho két qua
phan tich dich chuyén theo mdt chidu nh4t dinh (ting hoic
giam). Bai s6 hé théng cd th€ khoéng d8i, cing c¢d thé thay déi
theo diéu kién. Vi du, khi can CaCl,, trong m§t chén can khong
day nép thi két qua cin s& tang dén theo thdi gian, vi CaCl,
la chéit hut £&m manh. Sai s0 nay tang theo thoi gian can vé
bé mat ti€p xic cta hda chét voi khi quyén v.v..
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Tuy vay, sai s6 hé théng do viéc pha hda ch&t trong binh
dinh muc dugc chudn hda sai 1a dai lugng khéng d8i, khéng
phu thudc cac diéu kién phan tich khac.

Trong phan tich hda hoc ¢ th€ phan chia thanh cée loai sai
s0 hé théng sau day :

1. Sai $6 do su dung may, héa chét va thude thit, vi du sd
dung cén va qud can khéng ding, st dung cdc dung cu do thé
tich khong chinh xdc. Sai s§ cd thé xdy ra do cdc ch4t la tir
binh thuy tinh, dé sd v.v... xam nhap vao dung dich hodc thude
thd ed lan tap chat.

2. Sai s6 thao tdc do chi quan ngudi phan tich gay ra, khéng
phu thuéc may va dung cu va khéng lién quan véi phuong phép
phan tich. 8ai s6 nay cd thé rdt nghiém trong déi voi ngudi
phian tich thi€u kinh nghiém, hoac lam viéc thi§u suy nghi,
khong c#n than.

Ngudi méi lam phéan tich thi thudng pham sai 14m nghiém
trong do khéng biét lam viée. Tuy vay, khi di quen cong vide
va n€u lam viéc cdn théan, nghiém tac thi sai s6 thao tdc thudng
la khéng dang ké.

3. Sai s6 cd nhdn do kha ning cia ngudi phan tich khéng
thé thuc hién chinh xdc mot sé thao tdc phan tich. Vi du, khong
thé nhén bist chinh xdc s¢ chuyén mau cta ch&t chi thi tai
difm cubi chudn do.

Thude loai nay cing phai k€ dén sai s6 tam If, tic la khuyrih
hudng cia ngudi phin tich khi lip lai thi nghiém muén chon
gia tri phu hgp véi gia tri da do trude, hodc gin voi gia tri
cua ban. Sai $6 nay khd phd bién.

4. Sai s0 phuong phdp c6 lién quan véi tinh chdt hdéa hoc
hoac tinh chdt hda 1i.cda hé do, it lién quan vdi thao tdc phan
tich. Vi du, phan dng phan tich x8y ra khong hoan toan hoac
phan Ung phu xdy ra lam sai léch tinh hgp thic cta phan dng
chinh v.v...

That ra sai s6 phuong phdp ¢d lién quan chat ché véi sai
s6 thao tdc. Trong nhiéu trudng hop néu thao tdc t6t thi cg
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thé lam gidm sai 86 phuong phdp va nguge lai. Chang han, néu
ria két tia khéo sao cho thé tich nuée rda khéng 16n thi sy
mit mat két tia do dbé tan sé& khong dang k&, ngugce lai, néu
dung qui nhiéu nuéc ria, thi lugng chdt mét di khi ria sé
nhiéu. Hoac néu diéu chinh khéo nhiét dé khi nung thi c¢6 thé
tranh duge sy phan hdy chét khi nung vov..

Il - Sai 8 nghAun nhién

Sai 6 ngiu nhién a4nh hudng d&n dé lap lai cia két qua do
va lam gidm d¢ chinh x4c phan tich.

Sai s§ nglu nhién do nhiing nguyén nhan ngiu nhién, khéng
nhin thdy trude duge va lam cho k&t qua phéan tich dao déng
theo cédc chiéu khac nhau (lac tang, luc gidm). Sai s8 ngiu
nhién luén ludn xudt hién di phép phan tich duge thye hién
hét sdc cdn than va didu kién thuec nghiém duge gid ¢ dinh
nghiém ngat. Do dac tinh cta nd nhu vay ma viéc x4 li va
danh gia sai s6 ngdu nhién cia mei phép phan tich 1a rit quan
trong. N6 cho phép xdc dinh gid tri cia phuong phap phan tich,
ddnh gia chdt lugng lam viéc cua ngudi phan tich, ddnh gid so
sanh cong viéc phan tich cia c¢ac phong thi nghiém khic nhau,
v.v... Do ban chét cia nd ma sai s ngidu nhién phai duge xi -
li bing todn hoc théng ké.

§2.4. DANH GIA SAI SO
CUA CAC PHEP DO TRUC TIEP

Trong thuc hanh phin tich hda hoc phai tién hanh nhiéu
thao tdc, trong dd bat budc phai cé cic phép do truc tiép, tic
la so sanh vat do vdi vAat chuéin, nhu cAn, do thé tich. Méi.
phép do tryc tiép déu mic sai s6 ngiu nhién va céc sai s6 nay
cung vGi cdc sai s6 mac phai trong cdc giai doan phan tich
khdac nhau sé quy&t dinh dd chinh xdc cia phép phan tich.

Thong thuong, khi ti€én hanh thi nghiém ching ta thudng
thyc hién mét s8 thi nghiém doc lap trong cung diéu kién gidng
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nhau, va ti¥ cdc k&t qua riéng lé thu duge, ta tién hanh xi li
théng ké d€ danh gigd d6 chinh xdc cua phép do. Cdc dai lugng
dac trung théng ké quan trong nhit 1a gia tri trung binh cong
va phuong sai.

I - Gi4 tri trung binh céng .

Gia sit ta ti€n hanh n phép do doc lap dai lugng X véi cdc
két qua
X1, Xz, .., Xn

n
2 %
t=1

(2.10)
n

Gia tri trung binh cong X =

la gia tri gln v6i gid tri thuc cia dai lugng can do vdi xéc
suit cao nhét trong s8 cdc gia irj do duge.
II - Phuong sai

Phuong sai clia phép do phian 4nh dd phan tdn cha két qua
do, dudc danh gid bang :

Z 1. _)_02

62 = ‘—Jw—k— - (2.11)

k = s6 bac tu do. N&u chi cd 1 dai lugng cén do X thi

kR =n-1

Gia tri 8 = V&2 thudng dudc goi 1a d6 léch chudn ctia phép do.
D¢ lech chufn cda dai lugng trung binh cdng sy dugc tinh theo

8% '\’ X, —X)? .

Trong thuc t€ d€ tién tinh todn cdc dai lugng X, 52, 5%
ngudi ta thuang chon trong day n gid tri do duge X, .., X

mot gia tri C sao cho C = X Sau dd tinh X va s¢ theo cic
cong thic sau :
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Zyi
X=c0C+ % (2.13)
n
> %
va 2= (2.14)
2
3 day, lez = ZJ’,Z - (z:i) (2.15)
¥ = Xi -C

Vi dy 2.8. Hay tinh gia tri trung binh coéng, d6 léch chudn,
phuong sai cia phép xdc¢ dinh niken trong thép dua vao céac s8
liéu phan tich sau day :

Ham luong % cda Ni trong thép & cdc thi nghiéem phén tich
déc lap : 0,69 ; 0,68 ; 0,70 ; 0,67 ; 0,68 ; 0,67 va 0,69,

X% yi. 10 ¥¢.10*
0,69 1 1
0,68 0 0
0,70 2 4
0,67 -1 1 chon C = 0,68
0,68 0 0 =X -C
0,67 -1 1
1

0,69 1

Yy =2102% Y4 =810

D& tién khi tinh toian (khéng phai x li cdc s 1é ta da nhén
y, voi 10 va t4t nhien y? véi 10%

— 2.1072
Ta co : X = 0,68 + 7

= 0,683
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4.1074

2l = 8107 - —o— = 7,431074
s? = 7’436%10_4 = 1,288.10°¢
s = V1,23810¢ = 1,11.1072
s = 1—'2387'—W = 1,76.1075 ;
X

s_ = 4211073
X

III - D6 chinh xdc ctia phép do truc tiép
D6 chinh xdc € 14 gid tri tuyét d6i cla hiéu gita gid tri
trung binh c¢dng X va gia tri thuc # cta dai lugng phai do :
£ = |X -y (2.16)

Trong thuc t& £ duge danh gid dng voi mét do tin cay « da
cho, vi du « = 0,895 (95%) hodac a = 0,99 (99%)...

£ duge tinh theo

Fo = 5 t0 | (2.17)
!, « = hé s8 Student dng véi s bac ty do & chia phép do
va d¢ tin cdy a da cho.

Trong bang 2.1 ¢6 cho mot s6 gia tri ¢ dng véi cdc s6 bac
tu do k£ khdc nhau va dng véi do tin cay « = 0,95, ¢ = 0,99.
Khoang tin cdy cua gia tri do la khodng tai dé c6 kha nang
ton tai gid tri thuc cia phép do vdi xac sudt « da cho.

X-¢g, spusX+g,

(2.18)

>

hay T Sxtlyy Su € X tsgl
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Bdng 2.1
Cdc gid tri hé s§ Student to k g véi ¢ = 0,95 va 0,99

s 0,95 0,99 a 0,95 0,99

k k
1 12,706 63,657 14 2,145 2,977
2 4,303 9,925 15 2,13 2,947
3 3,182 5,841 16 2,120 2.921
4 2,776 4,604 17 2,110 2,898
s 2,51 4,032 18 2,103 2,878
6 2,447 3,707 19 2,093 . 2,861
7 2,365 3,499 20 2,086 2,845
8 2,306 3,355 25 2,060 2,707
g 2,262 3,250 30 2,042 2,750
10 2,228 3,169 40 2,021 2,704
11 2,201 3,106 60 2,000 2,660
12 2,179 3,055 120 1,980 2,617
13 2,160 3,012

Vi du 2.9. Danh gia dé chinh xéc cta két qua xdc dinh ham
lugng niken trong thép theo -cdc s lisu da cho trong vi du 2.8,
voi d6 tin cay o = 0,95.

K&t qua tinh trong vi du 2.8 cho ta :

X = 0,683
s = 4211073
X

k=n-1=686 s
véi a = 0,95, k = 6 ta c6 ¢ = 2,447 (bang 2.1)
CBamgs = Sz by = 42110732447 = 1,031072
D6 chinh x4c Ey95 = 0,01
Két qua do : X + £, = 0,68 £ 0,01
hay 0,67 < x4 < 0,69
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Sai $6 tuong d6i cia phép xdc dinh : + ;a . 100%

Trong vi du trén thl sai sd tuong d6i A% la

0,01
A% = % W.IOO = + 1,5%.
IV - Loai bé cdc phép do pham sai s& tho (bit thudng)

Co th& trong day s6 lidgu do cé mot s6 liéu khac hldn vai cic
$6 lidu con lai. N&u viéc kiém tra cho thdy s6 liéu nay pham
sai g6 thé (b4t thuong) thi c¢d thé loai bd. Cich lam nhu sau :

1. Ki¢m tra theo tiéu chudin Student
a) Tam thi tach s6 liéu nghi ngy X, ; tinh X d6i véi n

n
s8 lidu con lai : X = 2 X/n ;
i=t

b) Gia thist X ,. = X la nghu nhién véi dd tin cay da cho
(chidng han v&i « = 0,95) :

" —
> & - %P
Tinh = 21..{.1 '-2._i=1
c) Tinh sy = s(n 1) voi 82 = "
‘X + _‘_Y.|
d) Tinh ¢ = ———
3%
e) So sanh ¢ v8i f,_g4, ndu ¢ < ¢, thi khong thé loai bo
k=n

X, Néut > ¢t thi cd the bé X ,,.

Vi dy 2.10. Viéc can l4p lai mot méu borac Na,B,0,.10H,0
cho két qua nhu sau :

Mporad@) - 0,1254 ; 0,1255 ; 0,1256 ; 0,1253 ; 0,1250
C6 thé coi gid tri 0,1250 pham sai s6 thé khoéng ?
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22X
a) Tam coi X , = 0,1250 c6 vdn d6. Tinh X = —
H
i X ¥, 104 y2108
1 0,1254 - © 0
20,1255 1 1
30,1256 2 4
40,1253 -1 1
Z 2107* 61078
C = 0,1254
- 2.107¢
X = 0,1254 + = 0,12545
10742
2x2 = 61078 — —(Z—Z—)~ = 5.107°8

b) Coi 0,1250 = 0,12545 la ngdu nhién, véi a = 0,95

5.1078
¢) Tinh : 2 = 40 = 1,25.1078
8 1 1 —4
sy = Y\ 1,25.10° (Z + T) = 1,25.10
1250~ 0,12545

Ot = 10,1250 _o,h 545) _ 3.6

1,25.1074
€ Liegos = 278 ; ¢t > ¢, vay gi4 tri 0,1250 pham sai s8 bat

k=p=4

thudng, ¢é th€ loai bs.
Sau khi loai bé gid tri 0,1250 phai tinh lai s2, sy d€ tinh £

@
I

2xl(n — 1) = 5.107%3 = 1,671078

2
53 = V s; = V4,17.10° = 6,46.10-5
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— -5 — -5 _ -4
Eamngs = 64610754, = 6,46.107%.3,18 = 2,05.10
k=3
Két qua can : m = 0,1254 = 0,0002 (gam).

2. Ki€m tra theo tiéu chudn Dixon

a) Sap x&p cdc 56 lidu ti bé dén 16n va phat hidn gid tri nghi

ngd pham sai s6 bdt thudng (gia tri bé nhidt hoac 16n nhat).

b) Tinh
|Xn+1 - an

A SHES

¢ day X ., la gid tri nghi ngd, X 1a gia tri lién ké véi ng ;

Xa

1a gid tri ddu hodc cudi day.
¢) So sadnh @y v6i gid tri ldy trong bang vai d6 tin cay, vi

du a = 0,90 ; 0,95...

d) Néu @y < @, thi khong cd cd 88 d€ coi X | pham sai

s6 tho, nguoc lai néu Q@ > Q, thi cd thé€ loai b X, vi la
gid tri bat thudtng. :

Bdng 2.2
Gid tri 0 ¥ng véi dp tin ciy « = 0,95
S6 phép do n 3 4 5 6 7 8 9 10
Q.05 094 | 0,77 | 064 | 056 | 0,51 | 048 [ 044 [ 041

32

D6 voi vi du 2.10 ta lam nhu sau
S4p x6p sd ligu : 0,1250 ; 0,1253 ; 0,1254 ; 0,1256 ; 0,1256
Gia tri nghi vdn : 0,1250

_10,1250-0,1253

Tinh Qg 9N = 16,1250 -0,1256] = >°°
So sanh : 0,50 < @, .4 (= 0,64)
a=19095 ’

Vay khong thé bd duge gia tri 0,1250.
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Qua hai cich ddnh gid ¢ trén ta thdy, d6i v6i s6 phép do
khong 16n (n = 3 - 8) :

- Cach tinh theo tiéu chudn Student d& méc sai 14m khi bd
di cdc s8 lidu cd sai léch bé, khéng ddng bd. Cach danh gia
theo tiéu chuin Dixon dé méc sai l4m do giit lai k&t qui cd
do sai léch ldn, cé th€ bd. Do d6, cdn rat than trong khi k&t
lusn vé& mét &6 liéu nghi 14 pham sai s6 thé. N&u thiy nghi
ngd, nén lap lai thi nghiém, tim cho ra nguyén nhan vi sao cd
sy sai khde bAt thudng. Trong trudng hop viéc ki€m tra theo
cd hai cdch da néu & trén khéng phit hgp thi t6t hon hét la
nén giit lai s6 liéu nghi ngd ma khéng nén bé di.

§2.5. SAI SO TRONG CAC PHEP PO GIAN TIEP
Trong phéin tich, ching ta thudng st dung cic két qua do

truc ti€p dé danh gid mét dai luong ndo dé theo mét cong thic
lién hé nhdt dinh. Trong trudng hop nay dai lugng cdn xdc

. Bdng 2.3
Dinh gid phwong sai cia dgi lwong do gidn ti€p
Ham liégn he Phuong sai
y=1x £x 5p = sil + ‘iz (2.19)
y = ag £ ay, 5 = a5+ agsgz (2.20)
y =1y s i
%R
X g=y[=+ (2.21)
= —— 2
ry= x, d ["1 xi}
By \2 V(2 2 .2 2 .
yo= M0, Xy, 25) 2= (VR =V ) R 222
LI ¥ (arl)"l(axz)'z(axj)"; 22

T3-HHPT-Phan Il . 33



dinh thudc pham vi cic phép do gian tiép. Sai s6 cia phép do
gian tiép duge danh gid tit phuong sai cua dai luong do true
tiép, dya vao lién hé ham sd giita dai lugng do gian tigp (y)
voi cde dai lugng do true tiép (x,). Bang 2.3 ¢d cho vai bi€u thic
dénh gia phuong sai clia mét s6 dai lugng do gian tiép ().

Vi du 2.11. Danh gid d¢ léch chudn cia phép can BaSO,
theo cdc sd liéu sau

Lugng caAn chén cén

X, = 20,1854g ; phuong sai s} = 5.107%
Lugng can chén + BaSO,
X, = 20,6842¢ ; phuong sai 2 = 6.10%
Mpaso, = ¥ — X = 20,6842 - 20,1354 = 0,5488g

2 _ 2 2 _ “8 4 F 8 _ -8
sp = sx2 + sx1 = 6.10°°%° + 5.10 = 11.1¢

Do lech chudn s_ = V1110 = 83210 %

Vi du 2.12. Chuén dd 25,00m! dung dich HCI hét 12,80m!l
NaOH 0,1050M. Tinh dé léch chuin cia phép xdc dinh néng
d¢ HCI, néu d¢ léch chuéin cia phép do th& tich 1a sy = 0,02ml
va phuong sai clia phép xdc dinh néng dé dung dich NaOH la
6.10°8

C V.
NaOH * YNaOH 0,1050.12,80
Char = Vo = 55.00 = 0,05376M.
2 2 2
s = CﬁCI[SCNSOH v + v ] =
Ha CRaon  Viaon Yo
6.1078 0,02)2 0,02)%
= (0,05376)2[ + 0097, (9.09 ]
L{0,10507 (12,802 (25,000
sc = 0,05376V8,523.10° = 1,57.107¢ ~ 2.1074
e

HC
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Néu chiip nhan d6 léch chugn 1a d6 chinh xdc £ thi cd thé -
viét két qua : Cy = 0,0538 + 0,0002M.

Vi du 2.13. Ddnh gia d6 léch chufn cia pH, bist rdng
pH = -lg[H*] v6i [H'] = 1,06.107% ; s+ = 3,0.1077

Ap dung (2.22) ta ¢6 :

1 Syt 1 3107 )
= m o — o ~ 0,01
o T 2377 T 2,3 1,05.10°5 _124 10 ’

PH = -1g1,05.107% = 4,9788 — pH = 4,98 + 0,01

§2.6. CHU SO CO NGHIA VA CACH GHI KET QUA PHAN TicH

I - Chi 88 ¢6 nghia

Két qua cta moét phép do truc ti€p cing nhu cia mot thao
tac phan tich phai duge ghi éhép sao cho ngudi si dung s§ lidu
hi€u duge mic do chinh x4c cia phép do. V& nguyén tée, 86 lidu
phai dugce ghi sao-cho chl ¢d chir s6 cuéi cing 14 b4t dinh. Ching
han, néu cin trén cin phan tich v6i d6 nhay + 0,lmg thi két
qué cAn phai duge ghi dén chit s4 chi phdén mudi mg, i du,
1,2516 gam ma khéng vist 1,251 gam hogc 1,25160 gam. Céc chir
s 1, 2, 5, 1 14 cac s6 hoan toan tin cy vl ching ta doc duge
ti cdc qui cn, con s6 6 ]a bdt dinh vi duge ghi ude tinh tréen
thang chia dva theo kim chl hogc theo vi tri dao dong cia vach
sdng. Cdc chit s6 tin cly cling v6i chi¥ s6 b4t dinh ddu tién duge
goi 1a chit s6 ¢6 nghia. Trong két qud cAn & trén ta cd 5 chit s6
cé nghia : 4 chit s6 tin cay (1, 2, 5, 1) va 1 b4t dinh (6).

Phuong phdp t6i uu d€ xédc dinh chit s6 b4t dinh trong két
qua do 12 phuang phap tinh c4n tin cfy nhu da thuc hién & trén.
Trong vi du 2.9, ta xdc dinh dugc c4n tin cay 1A Eggs = % 0,01
Nhu vay chit 86 thd hai sau ddu phfy 1a bat dinh va khi ghi két
qué phan tich phai 12m trdn dén con 56 thd hai sau dfu phdy :
X = 0,68 * 0,01, § day o6 2 chit s6 c6 nghia, 56 6 12 tin cdy, 56
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8 1a bat dinh. Trong thuc t& khéng phi bao gis cing c6 ddy du
théng tin (dd léch chudn, s phép do} d€ tinh duge cédn tin ciy.

Do d6 n&u khéng cd mot théng tin b sung ngudi ta thudng
ngdm hifu ring chit s6 cubi cung cé dé bit dinh + 1. Chéng
han, n&u viét 56 doc thé tich trén buret 1a 23,40m! thi diéu dd cd
nghia 12 buret ¢ d9 chinh xdc + 0,01ml, tic 14 vach chia trén
buret dén 0,1/, cdn con s8 doc phén tram m/ 13 bat dinh (ude hiong).

86 0 duge ding d€ thiét 1ap di€m thip phan khong dugc tinh
vao chit s6 c6 nghia. VI dy, trong s6 0,0034 chi c6 hai chix s6
od nghia (3 va 4), nhung trong s4 3,040 lai ¢d 4 chi s8 ¢ nghia.

D6i véi cdc s6 phic tap ngudi ta thudng chuyén sang dang
s6 ldy thiéa thap phan vA cdc chit 8§ & phén nguyén dugc tinh
vao chii s6 ¢ nghia. Vi du 1064 = 1,064.10® ¢ 4 chit s6 cd
nghia ; 0,000520 = 5,20.10"% o6 3 chit 8§ cd nghia, hoac vi&t
5,2.107% c6 2 chit s6 cd nghia. S8 litu 2,4 gam e¢d 2 chit 88 ¢o

nghia. Va néu quy ra mg thi phai vist 2,4.10°mg (2 chit s6 c6 -

nghia) ma khéng vigt 2400mg (4 chit 88 c¢d nghla).

D6i voi cdc s6 logarit thi cdc chi s6 & bén trdi di€m thap
phkan (phén dic tinh) khéng duge coi 14 chit s6 c¢6 nghia vi day
1& cac chi s6 liy thia. Vi du Inx = 3,135 c6 3 chit s8 ¢d nghia
(1, 8, 5) ; lgx = 2,68 c¢d 2 chit s6 cé nghia (6 va 8).

11 ~ Quy tic tinh va lam tron s6

Trong chc phép tinh chi dugec phép lam tron & két quéd cuéi
cing (nbdm trinh viéc gidm d¢ chinh xéc cia két qua do viée
lam trdon & céc giai doan tinh trung gian).

1. Céng va trix

Khi cong va tril chi git lai & k6t qui cubi cling mot s8 chi
56 thap phan bang ding s6 chil 86 thap phan cha =6 hang cd
86 chit s6 th&p phén it nh4t.

Vi du 2.14. Thuc hién phép tinh :
a) Y = 6,145 + 13,24 + 34,7
Y = 54,085
K&t qua lam tron @ Y = 54,1 (giw lai 1 ch@ s8 thap phan)

>
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b) X = 1374,252 - 309,48
X = 1064,772
Két qua lam trén : X = 1064,77 (giif lai 2 chit s6 thap phan)

2. Nhin vd chia

Khi nhan va chia cén git lai & két qua cudi cing mét sd
chit s6 cd nghia bang dung sd chit s6 cd nghia cta thita s6 cd
s6 chit s8 cd nghia it nhat.

Vi du 2.15. Thuc hién phép tinh :

|y - 3.084x 0275
&Y= T 956
Y = 0,020557

lam trdn ¥ = 00,0206 (3 chit s8 cd nghia)

6,1251075.8,7.10°8
5,37.10°
X = 4,220.10716

b) X =

Lam tron : X = 4,2.107!% (hai chit s ¢é nghia)

3. Logarit _

Vi du 2.16. Tinh logarit ctia ¥ = 3,34.107°

1gY = -5 + 0,5237 = -4,476 (c6 3 chil 6 ¢S nghia 4, 7, 6
tuong tu trong Y cling cé ba chit s6 cd nghia).

D6t v6i cdc phép do pH thi cdc s6 ligu do duge trén may
dugc coi 14 céc s6 liéu do truc ti6p va duge dap dung theo quy
tdc théng thudng vé tinh chit s6 cd nghia.

Vi dy 2.17. pH = -1g[H*] = 6,47. Tinh [H*].

[H*] = 107647 = 3,39.1077 (coi pH cd 3 chit s8 ¢d nghia)

Lam tron.: [H*] = 3,4.1077 (hai 88 c¢d nghia tuong tu & gia
tri pH c6 hai chi& s8 ¢d nghia).
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Chit ¥ - Néu pH la gia tn do truc t1é‘p duge trén may do
thi chit s6 ¢6 nghia la chit s6 cusi ciing cia gia tri do. Vi du
pH do dugc bing 2,18 cd 3 chil 6 6 nghia !

4. Trong mét s6 trudng hop khi gidt lai cdc s6 c6 nghia cén
cdn nhac sao cho d9 bét dinh tuong d6i & k&t qua cubi cang
phi hgp v6i do bt dinh tuong dfi ctta cac s8 lieu duge ding
~ dé tinh to#n.

Vi du 2.18

1,01

098 = = 1,03 ma khéng viét 1,0, vl d6 bat dinh tuong déi cta
ca hai s6 1,01 va 0,98 déu bang +1% (%_ g—g% = 1%)

Vi du 2.19.

1,02

103 = 0,99 ma khong viét 0,990, bdi vi dé bdt dinh tuong

ddi cia cd hai s8 1,02 va 1,03 cGng déu bing 1%. N&u viét
0,990 thi do b4t dinh s& 1a

0,001

m 100 = 0,1%

Vi du 2.20 -
lgx = 1g2,114 bing 0,3251 phai viét 0,325 ma khong vist

0,3251 boi vi dé b&t dinh cta x la 0,001 nén néu ldy

1g(2,114 £ 0,001) sé duge 0,3249 va 0,3253. Nhu vay s8 bit
dinh da 1a s thd ba sau dfu phay.

Vi du 2.21

lgr = -3,124 —» x = 1073124 = 7510°% ma khéng viét
7,52.107%, boi vi néu coi lgx = (3,124 = 0,001) thi x bang

7,498.107% va 7,638.10™%, nhu vay s6 th@ hai sau ddu phiy da

la b&t dinh !

Chi y. Khi lam trdon s6 néu con s8 1é cudi bé hon 5 thi <d
thé bé di, néu 16n hon 5 thi thém mot don vi vao s6 trudc.
Néu nghi ngd hosic s¢ mit mat d¢ chinh x4c thi giit lai them
mét chit s6 sau chit s8 cd nghia cuéi nhung phai viét tut xudng
thanh chi s6 dudi. Vi dy : 6,832 lam tron thanh 6,83 ; 7,988 lam
tron thanh 7,99 ; 6,455 Jam trén 6,45 n&u khéng mudn viét 6,45.
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9.

10.

11.

12,
13

14.

déi

CAU HOI VA BAI TAP

Phan bi¢t cdc khéi nidm : ndng d& % khéi Wugng ; ndng dd % thé tich ; néng do
% kh6i lugng — thé tich ; néng a6 % 1hé tich ~ kh&i lugng, Thiét 14p va giai thich
mdi lien hé gitta néng d¢ % khéi luong vai eac ndng dd khac.

Phan bi¢t cac khai niém : mol, khéi lugng mol, ndng dd mol ; dudng ludng, khoi
lugng dudng lugng, néng d¢ dudng tugng.

Giai thich sif lién he gida ndng d6 duong lugng va néng &6 mol.
Gidi thich quy tic dudng lugng.

Tinh s6 ml dung dich HCl 36% (4 = 1,18 g/m{) cfn dung ¢é pha 5,0 lit dung dich
HCI 0,10M.

Tinh néng d¢ mol ciia dung dich NH; 28% (d = 0,898 g/mf). Cin My bac nhitu
ml NH; dic dé pha ché dugc 1 lit dung dich NH, c¢ P} = 1.7%

Mot méu nude chita 3ppm Fe®*. Tinh néng 0 mol chia Fe** trong nudc.

Ham [ugng ion Ca®* trong 1 Iit nuédc 13 0,0012 gam. Tinh néng do ion Ca* theo

Tinh khdi lugng duong lugng cla cac chit (in nghigng) trong cic so dé phan dng
sau :

a) Pb(NOy), + H,S0, — PbSO, | + HNO,
b) FexS0O,); + Zn — FeSO, + ZnSO,

c) KMnO, + FeSO, + H,S0, = MnSO, + Fe,(SO,);
d) ZnCl, + KCN — Zn(CN)}~

€) HPO, + NH, — (NH,),HPO,

Tink ndng d6 ducng lugng cla cie dung dich 0,10M clia cic chit 93 cho (in nghiéng)
trong bai tap 9.

Tinh s6 mg cha cac chit d8 cho (in nghiéng) trong bai tap 9 dé pha ché dugc
100,0mi dung dich 0,0250.

Tinh ¢6 chuin cia HCI trong dung dich HCI 1,200M.

Tink d¢ chudn coa dung dich NaOH, biét ring Ty,oumc = 0,03165 gam/ml. Tinh
ndng do mol clia NaOH.

K& qud cha 4 phép chudn d¢ déc Lip dung dich HCI nhu sau :
Cyey molfl = 0,1248 5 0,1252 ; 0,1249 ; 0,1251.

Tinh gia trj trung binh, d¢ 1&ch chudn, cin tin cdy (¢ = 0,95) vi sai s& tuong
ciia phép chuidn do. '
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~ 15. Mot sinh vién thu duge k& qua chudn hoa dung dich KMnO, nhu sau :
Cxmno, Mol : 00125 ; 0,0127 ; 0,0123 ; 0,0126 ; 0,013
Co6 pid tri ndo pham sai s6 bl thudng khéng ?

16. K& qui chudn do dung dich HCl bing dung dich NaOH dudc tinh nhu say :

CHC| - Chf'aOIIj' VNaOH
HC]
vdi cAc s 1y : Cy,on = 0,1058 (d léch chudn s = 0,0004)
Viaon = 18,42ml (s = 0,03m)
Yaa = 2500m! (s = 0,02mi)
Tinh d¢ 1¢ch chudn cta néng do HCL.
17. Céc s6 sau day c6 bao nhidu chi s6 6 nghia
a) 000754 ; '
b) 1,754.107 ;
c) 100,00 ;
d) 100 ;
€) 1050
18. Biéu difn cac k€t qua tinh sau ddy, viél ding cic s6 chil s¢ o6 nghia
1,972 x 0,00541 '
T 15%x13
154,75 + 0,319 - 72,1564

a) X =

b) ¥
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Chuong 3

CAC PHEP DO CHINH XAC TRONG
PHAN TiCH DINH LUONG HOA HOC

Trong phan tich dinh lugng hda hoc dit thyc hién theo phuong
phdp ndo cing phai tién hanh cidc phép do c¢o ban la do khsi

Iuong va do thé tich.

§3.1. DO KHOI LUONG

I ~ Can la dung cu co ban dé€ do khéi lugng

Viéc xdc dinh khéi lugng cic chit duge tién hanh bing cach
can, nghia la so sanh hiéu ting caa tdc dung trong lyc 1én vat

cAn va lén vat chuidn. V& co ban,
hoat déng cia can dya trén nguyén
tdc cha cdnh tay don loai 1, nghia
la di€m tya naAm gita cdc diém
tdc dung ciia lyc va khodng cdch
tl di€m tua dén cac di€m tdc dung
cia Iuc la bing nhau (hinh 3.1).
Giz thi€t, musn x&c dinh khéi
lugng M, cGa vit can ta dat nd
lén dia trai va dat qua can lén
dia phai cho téi khi kim P g vi
tri thang bing (kim trd vé trang
thii ban ddu). Khéi lugng qua can
la Mz' Theo quy tdc momen lyc
ta cd :

T -
—_

=
L I P
Pt

=

(&%)

Hinh 3.1. 50 d8 tac dung
cea huc khi can.
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Fll = Fyl, (3.1)

M gl = Mgyl (3.2)

3 day, F,, F,.1a cdc lue tdc dung lén vét cfn va qud can ;
g, &, 14 cdc gia tée trong lyc tuong dng.

Tai mét dia di€m xac dinh thi g, = g, = g va néu céc nia
canh tay don ciia can bing nhau [, = [, thi M, = M, Nhu
vay, khi can ta dd do khéi lugng 13 dai lugng thugc tinh cia
vat thé&, khong phu thudc dia di€m khi céan.

II - Can phan tich

Tiay theo yéu cfu vé kha ning can t6i da, v& d6 chinh xic
phai dat duge va vé thdi gian cén thiét khi cAin ma ngudi ta
st dung cac loai cin khdc nhau :

1. Can thé : cho phép cin chinh xdc dén hang gam.

2. Cén chinh xdc : c6 th€ dat dén do nhay td 1 - 10mg
(bao gbm cdc loai can ki thuat khdc nhau).

3. Cén phan tich

-~ Can phéan tich thudng cho phép can t6i da dén 200g, do
nhay £ 0,1 - 0,2mg.

- Can ban vi, cd thé cidn dén 50 - 100 gam, d6 nhay
+ 0,01lmg:

- Can vi phan tich ¢ thé can dén 10 - 20g, d6. nhay
+ 0,00lmg

- Can siéu vi cd thé dat dén do nhay 107¢ - 10 °mg

Can phan tich 1a loai dung cu bAt budc phai cd trong céc
phong thi nghiém phan tich héa hoc. Phé bién hon ca la can
phédn tich thudng. Cd cac loai sau :

a) Cén hai dia, ddon can bing nhau (goi tit 13 can hai dia)
duge kién tric theo nguyén tdc cdnh tay don bang nhau. Céc
bé phan chu yéu gém cd :

- Truc gita 1 (hinh 3.2) lap trén day phang ¢é kém theo
thang chia 2 va bd phan ham dao dong.
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- Canh tay don dat trén dao giita 3 va ti vao ban ma nao
(agat) 4 dat trén dinh truc gitta. Kém theo cdnh tay don la -
kim c¢hi 5 v6i bd phan diéu chinh d¢ nhay 6. Trén cdnh tay
don 1a thang chia 7, 7’ hoac 7 va cac 8¢ diéu chinh 8 d hai
dau cudi (hoic cé khi dat & giia).

Hinh 3.2. S0 @6 can phdn tich hai dia.

— Ch&c mdc can 9 mde vao cac ban ma ndo 10 ti trén céc
dao cudi 11 cta canh tay don.

- Cac dia cAn 12 treo vio mdec c4n nhd cic quang can 13.
D6i khi con ¢6 cd cdc mde phu 14 va 15.

- Cac tay ham 16 lién v6i truc gitta va mang cdc bs phan him
" ddon can 17, ham quang can I8, ham dia can 19 dat dudi day
dia cén. '
b) Can mot dia, don can khong bing nhau (cAn mot dia)

Nguyén tac cdu tric nhu cén hai dia. Diéu khac co ban la
trong cin mdt dia cd vat cdn va qua cidn déu duge dat 0 mot
phia cta ddn can. Sau khi dat vat can 1én dia cén, d€ dat trang
thai cdn bing cdn phai nhfc b6t qua cin ra khdi don can. Téng
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khéi luong qua can bi nhdc di sé bang khéi lugng cua vat can

(phuong phap theé).

Diém thiang bing thudng duge xac dinh bing phuong phap
gquang thay cho phudng phap co nhu trong can hai dia {(xem sog
d6 can 9 hinh 3.3).

Hinh 3.3, 50 d8 can mot dia

Can mot dia cd wu di€m 13 cdn nhanh, tién lgi va cd do
chinh xdc cao hon. Cac qua can déu dugc dat trong buéng can,

trdnh duge thao tac nhidc ra hay dat qud can vac hép cén nhu

khi efin trén cadn hai dia,

¢) Cérn dién tu. Trong can dién td khong cé don cdn, dao
nhu trong cdc cdn truyén thdng. Thay cho cac d8i trong trong
cAn truyén thing 0 day ngudi ta dung luc dién ti dé€ cén bang
vdi trong luc clia vat can. Khi dat vat can 1én dia can thi canh
tay don bi léch, diéu nay duge ghi nhan bdi mdt detecto ghi
tin hiéu sai. Tin hidu nay cd tdc dung lam tang cudng dé dong
trong cudén dong co secvo. Cudng do nay dude phan dnh qua
tin hidu do S ti 1& thuin v&i khéi lugng miu. Dung phuong
phiap chufin hda theo khéi lugng miu chuidn, cé th€ doc truc
tiép khoi luong vat can.
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Dé&i vdi cdc phép can théng thudng ngudi ta dung can dién
tl tai cao, dia d€ trdn (dé nhay +0,01g). D8I véi cdc muec dich
chinh xéc, ngutri ta dung cdc cdn phan tich dién tit, ¢6 do nhay
(0,lmg - 0,01mg). Can dién ti cho phép can nhanh, chinh xdc.
- Do d6 hién nay, ngudi ta ¢d khuynh huéng thay cdc can truyén
théng bang cac can dién td, mac du gid cé dit hon.

III - Ngudn géc sai sé khi can

I. Sai s8 do can va qud cén, bao gbm sai s6 do chinh can
khong ding, do co cfiu khéng hoan chinh cta can. Dang chu y
12 sai s6 do khéi lugng khéng chinh xdc cha cic qua can do
sai sot khi ch€ tao cing nhu do trong qu4 trinh st dung qua
can bi mon, bi bin v.v. Vi vay, trudc khi sit dung ciing nhu
trong qui trinh st dung phai dinh ki kifm tra qua can.

Ngodi ra, sy thay d8i nhiét d0 cua phong can dén téi su d6t
nong khoéng déu don cin clng lam chuyén dich di§m khong va
gay ra sai s6. T4t nhién, sai s6 nay khéng ddng k& khi can cée
lugng 16n, nhung d&i voi cde phép can vi lugng thi phai rat
chd y. Trong nhitng trudng hop nay, phai ki€m tra di€m khong
trude va sau khi edn. Khi sit dung can d€ 14u khong dang hoac
khi c&n cdch dém thi t6t hon 12 nén md hai cda bén cha can
va nang lén ha xudng don cin mot thoi gian d€ thiét lap can
bang nhigt do. -

2. Sai s6 do sy thay d6i diéu kién clia chdt can, lo can, khi -
quyén (d0 d4m) trong thoi gian can.

3. Do ngudi phan tich lam viéc thiéu kinh nghiém hoac khong
cdn than (nhdm l&n khi ghi va doc qui cén, doc cdc s8 trén thang
chia d¢ khong chinh xdc, danh roi vai hoa chat khi can, v.v..).

4. Sai s6 do tac dung nang cia khéng khi. Mot v&t nhing
trong mét chét 1dng hosic trong mét chdt khi s& bi nang lén
mot luc bing khéi luong chét 1dng hoae chadt khi bi thay theé.
Khi ¢&n moét vat trong khéng khi thi do khéi lugng riéng cta
vat can khac vii khéi lugng riéng cta qua cAn nén do giam
khoi lugng cla vat can khac vai dé giam khéi lugng cia qua
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can do thé tich khong khi bi chigm chd cla vat can khac véi
thé tich bi chiém béi qua can, vi vay gay ra sai s§. Ching han,
khi can trong khong khi (qua cin bang déng thau) 1g NaCl sé
nhe hon khi can trong chan khong la 0,00042g.

Trong phan tich dinh lugng thudng phai xdac dinh ham lugng
% clia cdc ciu ti trong méu phan tich thi sai s6 do higu iing
lve ddy khong khi thudng 12 khong lén (< 0,1%). Chi trong cac
trudng hop khi phai ding céc khdi lugng tuyét d6i (vi du, khi

chudn hda cdc dung cu do th€ tich bing cdch cin nudc) thi .

phai hiéu chinh lugng cén trong chan khoéng.

5. Sai s6 do sy thay ddi khdéi lugng cda vat can trong thoi
gian can, thudng do miy nguyén nhén sau :

a) Vat can hut &m. Lugng nudec do vat can hit vao phu
thudc ban chét cia titng chdt, d¢ dm tuong d6i va nhiét d9
khéng khi. Thong thudng d€ dudi hét nudéc hdp phu va nude
k&t tinh ngudi ta sdy & nhiét do thich hgp va sau dé lam ngudi
trong binh 1am khé co d€ chdt hdt &m thich hgp. Tuy vay, néu
khéng ¢ thist bi bao v& cén than thi khi dat chdt 18n dia cdn
né s& hit &m va khdi lugng s tang ddn trong thoi gian cén.
Cdc chén sd, platin it hdt 4m, nén d¢ tang khéi luong sau khi
nung va lam ngudi 1a khong dang k& n&u thdi gian can chi kéo
dai trong vai phat. Cac dung cu thuy tinh hit &m manh hon,
sau khi sdy kho6 ed th€ lam tang khéi lugng ré rét ngay cd khi
cain cadc chat khong hit 4m, néu théi gian can kée dai.

Mitte d6 hit &m cdn phu thudc ban chdt cla cdc chdt va bé

mat tiép xdic cia cdc chdt voi khi quyén. Néi chung, cac chit
k&t tia & trang thai bot nhé déu hat &m ro rét, vi vay phai
cAn nhanh va bao vé chit trong lo kin.

b) Su chénh léch nhiét do giita vAt cAn va can. Né&u nhiét
d6 vAt cAn cao hon nhiét d6 can thi khéi lugng ciia nd sé thdp
hon kh&i lugng thue. Vi dy, khi c4n moét chén cin (cd nap) &
26°C, trong khi nhiét dd phong can 1a 25°C thi khéi lugng chén
sé giam di 0,lmg so voi khi can & ciung nhiét do.

Vi vy cin phdi lam ngu6i cdn than vat can trong binh lim
kho trutc khi can. Thai gian lam ngudi phu thuéc nhiét do
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chén, kich thudc, chét liéu chén va kich thuée binh lam khé.
Di nhién thoi gian c4n dé€ 1am ngudi 10 chén trong 1 binh lam
khd phai lau hon khi chi c4n lam ngudi 1 chén dat trong cing

- binh lam khé. Thdi gian 1am nguéi chén s¢ phai lau hon

chén platin. Sau khi nung xong phai lam nguéi chén sy &
khong khi 1 phit réi dua vao binh lam khé it nhat 1 gio.
Trong cung diéu kién nhu vay dé lam ngudi chén platin chi
can 45 phit.

§3.2. PO THE TiCH

I - Céc dung cu do thé tich chinh x4c thong dung

Trong phan tich dinh lugng héa hoc thudng ding cac dung
cu do thé€ tich chinh xic nhu binh dinh mic (binh do), pipet
vaA buret.

Noi chung, cic dung cu do th€ tich phai théa main cdc yéu
cdu chung sau day

a) Ching phai duge ch& tao ti thiy tinh khéng bi tac dung
cua cdc thuSe thi hda hoc va khéng bi thay d8i dét ngdt theo
nhiét do.

b) Tiét dién ngang phai tron, han hitu 14m mdi cd thé la
bdu duc. Sy chuyén ti ph4&n hep sang phén md rong phai
ti tu.

- ¢} Céc vdi, khda, nit phai dugc mai that nhin va lap rat khit.

d) Cdc phan thoit ra phai thdng, 1§ ra phai that nhdn.

e) Vach chia phai thing, rd, khéng ed hinh rang cua, c6 thé
pht men va boi chdt mau thich hgp. Vach phai ndm trong mat
phang thing géc véi truc cia dung cu do va cdch phdn that
hodc phdn nd ra it nhdt 5mm. Déi voi cdc dung cu cd tiét dién
tron thi vach phai tram ldy it ra ]1a mot nda cia phan chia ds8.
Cac s6 phai ghi that ré.

g) Cac khoing cach gilta cdc vach phai that déu nhau va
khéng nhé hon 1mm.
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1. Binh dinh mic (binh do) la
binh hinh qua 18, ¢8 hep, thudng

¢d mit nham. Trén ¢8 binh ¢6 mot
hodc vai vach cho biét & nhiét dd @
xac dinh néu d6 chat long vao ]

binh cho dén vach thi thé tich
chét iéng ¢d trong binh tuong dng
vai thé tich da ghi trén binh, Nguii .
ta thudng sin xudt cac loai binh » j>

2 lit, 1 lit, 500mi, 250mi, 200ml, !
100ml, 50mi, 25mi, 10ml.

Binh dinh muc thustng duge
dung dé pha ch€ cdc dung dich eo
néng do chinh xac. Ngudi ta cho
chdt léng hodc chit ran cé khéi
lugng xic dinh vao binh va thém
din nudc (hodc dung méi thich
hap) vao do 2/3 thé tich binh va
l&c tron déu binh dé hoa tan hoan
toan chét va sau khi da can bang
nhiét d¢ thi thém ddn nuéc hoic
dung méi cho dén cach vach cda binh chiing 1lmi. Dung gidy
loc lau khé ¢8 binh & trén vach r6i diing dng nhd giot thém
timg giot dung mdi (c§ tranh khong d€ bén lén thanh ¢ binh)
cho dén vach.

Hink 3.4. Binh dinh milc.

D# tranh sai 56, khi quan sit phai dé mit & cing m#at phing
ngang vdi vach vad thém dung méi sac cho mat khum cia chit
léng ti€p xtc voi mét phidng ngang cda vach. Sau dé day nit
va ldc manh d€ ch4t 1dng trong binh dudc trom déu.

2. Pipet 1a dung cu dé chuyén mdt thé€ tich xdc dinh chit
16ng ti binh ndy sang binh khac. C6 2 loai pipet : pipet thudng
va pipet chia dd.

a) Pipet thuong 1la moOt 6ng thiy tinh, § gita & moét biu
hinh cdu hosc hinh tru. & phia trén va phia dudi 1& 6ng thiy
tinh nhd, ddu mit phia duéi duge vust nhon d& ¢ 16 hep sao
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Hinh 3.5. Pipet.
a) Pipet thudng ; b) pipet
chia d& ; ¢) cach cdm pipet.

T4-HHPT-Phan HI

]
b} aj

Hink 3.6. Buret.
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cho ch&t 1dng chay ra khéi pipet voi téc do thich hop. O éng
phia trén c6 1 vach, cing c6 trudng hgp & 1 éng phia dudi co
1 vach thd hai. Néu hiat chdt léng vao pipet sao cho mat khum
cia chdt léng ti€p xic v6i mat phdng ngang cda vach va cho
chét long chay hoan toan ra khdi pipet hoac chay dén khi mat
khum tiép xic v6i vach phia dudi (néu pipet cé 2 vach) thi thé
tich chdt long 14y ra bing ding thé tich ghi trén plpet & nhiét
d6 xdc dinh da cho.

b) Pipet chia d¢ 12 mot 6ng hinh try, phia dudi vudt nhon d&
¢é 16 cd kich thuéc thich hgp. Trén pipet cd chia thanh nhiéu
vach tuong tUng véi cdc th&€ tich chét léng 18y ra khac nhau.

Thuong hay dung cde loai pipet thuong : 5, 10, 25, 50, 100m!
vd cdc loai pipet chia dd 10, 5, 2, 1ml.

3. Buret la mét &ng hinh tru phia trén ¢d chia do phia duéi
la vdi cd khoa (hinh 3.6a) hodc néi v61 8ng thuy tinh dAu mdt
vudt nhon qua moét 8ng cao su cd ciap didu chinh (hinh 3.6b)
hoac c6 qua cdu bang thdy tinh trong 6ng cao su (hinh 3.6¢)
d& diéu chinh t6c d6 chay cda chét léng.

Buret duge diing chi y&u trong chufdn d9 khi cdn ldy ting
it mot thé tich chit long. .

Thudng dung céac loai buret : 10mi, 256mi, 50mi, chia d6 dén
0,1ml va cd th€ doc dén 0,01m! (bang uédc lugng). D6i véi cic

muc dich phan tich vi lugng ngusi ta cdn ding cdc microburet
iml, 2mi.

11 - Ki€m tra cdc dung cu do thé tich

Trudc khi st dung phai ki€m tra lai thé€ tich cdc dung cu
do vi nhitng sai 56 khi chia d¢ trén dung cu cd thé vuot qu4
xa sai s6 cta phép phén tich. M6i nha hda hoc phai bigt tu
ki€m tra ldy dung cu ma minh sé diung.

1. Chon dung cu do thé tich

Trude khi ki€m tra phai biét chon dung cu do theo céc yéu
c8u chung da néfu & trén, va theo nhilng yéu cdu riéng ddi voi
ting loai dung cy.
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a) Binh dinh muc. Vach chia phéi cach xa nit d& khi lac thi
du bot khi giip trén déu chit 16ng trong binh. Dudng kinh trong
ctia ¢d binh trén vach mic phai phit hgp v6i thé€ tich cua binh

Thé tich, mi 50 100 250 500 1000 2000

Dutng kinh ¢8 binh '

16n nhat, mm 10 12 15 18 20 25

Dudng kinh ¢ binh

bé nhdt, mm 6 8 10 12 14 18
b) Pipet '

Nén chon pipet ¢é dudng kinh 6ng thdy tinh hep khéng qua
6mm, ti vach dén bAu khong dugc it hon 10mm va ti biu lén
dén miéng khong duge dusi 110mm.

Tiéu chudn guan trong d€ chon pipet la tdc dd chdy tu-do
ciia chit Idng ra khdi pipet. Ngudi ta quy u6c thdi gian chit
léng chaAy ra khoi pipet khéng dude qua 1 phiit nhung cing
khong duge it hon thoi gian t8i thi€u quy dinh cho mdi loai
pipet nhu sau :

Thé tich pipet, mi : 5 10 50 100 200
Thai gian chay, gidy : 15 20 30 40 50
¢} Buret. Tiéu chudn quan trong d€ chon buret hosc pipet
chia dé cing la téc dé chay tu do clia chédt léng khéng duge
qud 3 phit nhung khéng duge it hon théi gian quy dinh déi
vai ting loai buret voi do dai khdae nhau sau day :

Do dai dng buret, cm Thoi gian chay ra téi thiéu, gigy

70 160
65 140
60 120
55 105
50 80
45 80
40 70
35 60
30 50
25 _ ' 40
20 35
15 30
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2. Rira dung cu

Truéc khi s dung hoac ki€m tra phai ria sach cdc dung cu
do th& tich. Dung cu duge coi 12 sach, nfu nudc thdm déu bé
mit dung cu khéng tao thanh giot hodc titng ddm. Né&u thay
tinh bi dinh cdc ch&t béo thi khi d§ nudc ra khéi dung cu, nusde
lap tic bién di rdt nhanh & ving bi bén.

Dé rita dung cu thiy tinh c6 thé diung cédc hda chit khac
nhav. Thudng hay ding hén hgp sunfocromic, diéu ché& bing
cach hoa tan 15g K,Cr,0, trong 500m! H,50, dac. Dé rita,
mdi ddu ngudi ta d8 hén hgp nay vao binh sao cho chit rua
thim déu toan bd thanh binh va sau khi dgi moét thai gian (tir
mudi phat dén vai gi¥ hoac néu dung cu bin qua thi dé cach
1 dém), d6 ché4t rita trd lai vao binh chia. Sau dd, rita dung
cu méi didu bAng nudc mdy, réi tring bing nuéc cét.

Dung dich KOH trong rugu, dung dich KMnO, trong kiém
déu la nhitng chit rita cd hiéu qua, song khéng duge d€ ti€p
xtic lau véi dung cy vi thdy tinh d& bi kiém &n mon. Khi rda
bing dung dich KMnO, trong kiém thi sau khi ria xong phai
sic binh bing dung dich HCI dam dac d€ hoa tan hét cdc vét
MnQO, céon bam lai trén thanh binh. Trong trudng hop khi ria
bang cdc héa chat khéng ed két qua thi phai két hop vai cdc
bién phdp co hoc, vi du dung chdi long cd cdn dai d€ ria buret

bing nuéc xa phong, lic cic manh gidy loc hoac cat veéi nudc

xa phong d€ ria binh dinh mitc, sdic pipet bing dung dich xa
phong nong. Nhung cing hét sic trinh dung cde bién phép co
hoc qua manh cd thé lam x4y x4t thanh binh tao nén nguén
glc giy bidn tigp tuc.

3. Nguyén tdc ki€m tra dung cu do thé tich

Phuong phdp chung dé€ ki€m tra thé tich cdc dung cu do 1a
cAn lugng nudc nguyén chét chi€m bdi thé tich cla dung cu dd
¢ nhiét do ki€m tra. Cing c6 thé kiém tra bing céch so sanh
thé tich dung cu do véi thé tich cia mot dung cu khéc da duge
chugn héa cdn than. Tuy vay céch can vAn la t6t hon.
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Don vi co ban d€ do thé tich trong he do.lubng qubc t& SI
14 met khdi, don vi udc s6 13 déximet khéi, xentimet khéi. Don
vi duge phép dung déng thoi véi don vi chinh SI la lit, mililit.

1 lit Ia thé tich chi®ém bdi khéi luong lkg ctia nudc nguyén
chét ¢ nhiét dé ma nuée cé khéi luong riéng cuc dai (3,98°C)
va & dp sudt thudng(®).

Nhu vady néu d8 nudc nguyén ch&t vio binh dinh mdc 1 it
cho dé&n vach r6i dem cén trong chan khéng thi lugng nuée néy
¢ 3,98°C va & ap sudt thudng bing 1kg.

Trong thuc t& khi ki€m tra phai cin nuéc & nhiét d6 khac
vA phai can trong khong khi, vi vay khi chuy&n ti khéi lugng
nudc cidn duge sang thé€ tich phai cha ¥ tdi ba y&u td : a) khsi
lugng riéng cta nudc thay d8i theo nhiét d6 ; b) thé tich binh
thuy tinh thay d8i theo nhiét d6 va ¢} nude duge cn trong
khéng khi chit khéng phai can trong chan khéng.

Khi chudn hoi th& tich cic dung cu do ngudi ta thudng quy
udc chon nhigt d6 20°C, tdc 1a nhigt doé trung binh cta cac
phong thi nghiem. DI nhién, néu sit dyng dung cu do & nhiét
do trén 20°C thi thé tich binh phai 16n hon thé tich da ghi,
va néu lam vigc ¢ nhiét dd dudi 20°C thi th€ tich phai bé hon.

Tuy vay, nhiét d6 chudn hod th& tich cdc binh cé th& khiac
vai 20°C. Do d¢ d€ chuyé&n ti khéi lugng nufc cn duge trong
khong khi (voi qua can thudng la bing déng thau) sang thé
tich & nhiét do thi nghiém, phai bist khéi lugng rléng cda nude |
& cdc nhiét d¢ khae nhau,

Mat khdac, phai chuyén duge khdi luong nuée cén trong khéng
khi sang khéi lugng can trong chin khong.

O day phai hiéu chinh sic ddy cta khong khi ddi vai qua
can va d6i vdi vat can. Mubn vay, phai bigt chinh x&c kh6i

* Trong hod hoc phan tich ngudi ta quy udc théng nhft si dung hé¢ do ludng qudc
té SI bt dAu ti nam 1977. Don v1 chinh cla SI dé do d¢ dai 1a m, do da don vi
do thé tich chinh 11 met khéi (m ). Tuy vay lit vin la don vi dude phép dang dong
tht vdi don vl chinh 81, 1 %1 160 hdn 1dm® 1a 28mm’. Sy khac nhau ndy la khéng
dang ké (3.107 %}, nén ngudi ta vin coi 1 it = 1 dm® s lml =1 em’.
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lugng riéng céia qua can va khéi lugng riéng clia khéong khi.
Khi cin cdc vat cé khéi lugng 16n thudng dung qua can béng
déng thau (d = 8,4),

Khéi luong riéng cha khéng khi d, (g/mi) thudng duge tinh
tron bang 0,0012g/mi.(*)

Vi dy 3.1. Khi ki€m tra thé€ tich binh dinh myc 1 lit, ngudi
ta cin lugng nudc chia trong binh & 22°C thi duge 997,12¢
(qua cin bang déng thau). Tinh thé tich binh & 20°C.

Khéi lugng nuéc néu cén trong chan khéng sé bang :

997,12 997,12
0,0978 84

997,12+0,0012 ( ) =997,12+1,057=998,18¢

kh6i lugng riéng cia nude & 22° la 0,9978

998,18
£ 0, =
Thé tich nuéec & 22°C 099780 1000,38mi

Thé tich binh & 20°C dugc tinh theo hé thic :
Vy = V, + V(20 - 1)
O day & = hé s6 gian né cia thiy tinh thuong bing 2.5.10°5/dé,
cla thuy tinh borosilicat bing 1.1075/do.

V,, = thé tich binh & 20°C

V, = th€ tich binh & nhiét do t.

Trong vi du trén ta cd :
V,, = 1000,38 + 2,5.107°.1000,38(20 - 22) = 1000,33m..

*+ Mudn tink chinh xac khéi ludng rigng ciia khdng khi ngudi ta ding céng thic

0,0012931p ~ 0,000494
a7 760(1 +0,00367)

= ap sufit khi quyén, mmHg (dua vé 0°C)
= &p suft hoi nude bia hoa, mmHg
t = nhiet da, °C.

> "
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thé tich binh bing

D& tranh phai tinh toan éﬁng kénh ngudi ta lap sdn cdac
bang cho ta khéi lugng nudc phai cdn trong khéng khi & nhiét
dé thi nghiém dé duge thé€ tich cha binh chda 1 lit nuac
20°C. Trong cot 1 cta bang (3.1) ghi nhiét d6 thi nghiém, tiic
la nhiét d6 ki€m tra hoac chudn hda binh. Trong cét 2 ghi khdi
lugng ctia 1 lit nuée can trong chan khoéng & nhiét do thi nghiém
(1000d). Trong codt 3 ghi s6 hidu chinh A vé su thay d&i khéi
lugng caa 1 lit nude can trong chan khéng & nhiét d6 thi nghiem
so v#i nhiét d6 chudn (3,98°C).

Trong cft 4 ghi 36 hiéu chinh B vé sy khdc nhau giita khdi
lugng cia nudc khi cin trong khong khi vA trong chén khong.
(1 lit nudc khi can trong khéng khi sé hut di so v&i khi can
trong chan khong mét khéi luong bing hidu khdi lugng khong
khi bi ddy bdi binh véi khéi luong khong khi bj ddy bdi qua
can bing dong thau diung dé ddi trong vdi nuéde).

Trong c6t 5 ghi s6 hiéu chinh C vé d6 hiéu chinh sy gian
nd cua thuay tinh (khi c¢dn 1 lit) & nhiét d6 t vé 20°C.

Trong cét 6 cho gia tri téng cdc s6 hiéu chinh A + B + C
va trong cét 7 la 1000 - (A + B + €) 1a khéi luong ctia nuéc
phai can ¢ nhiét do6 thi nghiém d€ ¢d duge thé tich ding bing
1000mi & 20°C.

Vi du 3.2. Khi ki€ém tra binh dinh mic 250m! ngudi ta
thém nudc cdt & nhiet do 28°C dén vach r6i can thdy khsi
lugng cda nuée 1a 248,92g. Tinh thé€ tich cta binh & nhist d6

- 20°C.

Theo bang 3.1 thi & 28°C 1 lit nuéc can nang 995,44g, viy

248,92.10°

595.44 = 250,06ml.

Vi du 3.3. Tinh thé tich binh dinh mdc 500mi & 25°C biét
rang khi kiém tra binh & 30°C khéi lugng nuéc cidn duge la

 497,38¢. Cho h¢ s6 gian nd ctia thiy tinh la 1.1075,
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Tra bang ta thiy ¢ 30°C : A = 4,33g ; B = 1,0lg ; goi thé

. A+B
tich binh & 30°C 1a V, ta cd : V.1 - (—5—) = 497,38, vay
A+B 4,33 + 1,01

Vi = 497,38 + = 497,88 + ————— = 500,05m!

Thé tich binh & 26°C: V,5 =V, +500.10°5(25 - 30) = 500,03m!

4. Cdch kiém tra

Dat dung cu cdn kiém tra (sau khi da rda sach) va nuéc
cdt dung d€ ki€m tra trong phong cin mét thdi gian lau dé
- thiét 18p can bang nhiét d¢ giita nudc va khong khi trong phong.
Nhiét dé clia phdong can va nhiét d6 cia nude phai duge do
bing nhiét k€ chinh xdc d&én % 0,1°C. '

a) Bink dinh mic. D€ ki€m tra cic binh ¢6 dung tich lén
hon 100mi nén diung cén ¢6 tai cuc dai 2kg v&i 46 nhay it nhat
bing 0,01g. Binh phai duge lam khé cén thgn. Mudn vay, nén
tring bang rugu tuyét d6i hodc axeton réi théi qua blnh mot
ludng khong khi khé, sach. Khong dude sdy binh dinh miic (ciing
nhu cdc dung cu do thé tich chinh xdc khdc) trong tu sdy, vi
sau khi gidn né do dun ndng thi cdc dung cu nay khi dé ngusi
khéng trd lai ding thé€ tich nhu ban diu.

Dé ki€ém tra thé tich cic binh da duge chudn hoa, ta dat
binh Ién dia can phai va bén canh nd dat cdc qua can tuong
ing véi khéi lugng nudc dng véi thé tich cia binh (vi du dat
1000g d6i v6i binh 1 lit). Ding qua can kh&c hoac bi dat lén
dia trdi d€ thiét 1ap cin bang. Sau d6 nhéc binh ra, thém nuéc
cdt cho dén vach, c¢6 ging khong duge d€ cd giot nuéc nao bim
lén thanh binh trén vach mdc (néu cd thi phai diung gidy loe
lau khé). Nhdc hé&t qua can ra va thay vao d6 cdc qua can cé
khéi lugng bang (A + B + C)g hodc bing udc s6 hoac boi s6
cia 86 dd tuy theo thé& tich cua binh. Sau dé thém bét ciac qua
cin ¢ dia phai dé€ dat t6i vi tri can bing lic ddu. Khéi lugng
quid can phdi thém hoac bdt dugc tinh ra thé€ tich phai higu
chinh bing cdch chia cho khéi lugng cda 1 lit nuée & nhiét do
thi nghiém. '
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Khi kiém tra, d6 sai léch v& thé€ tich cho phép la :

Th€ tich binh, mi 50 100 250 500 1000 2000
Giéi han sai sd, m{ : 0,05 0,08 0,11 0,15 0,30 0,50
Gidi han sai 88, % 0,1 0,08 0,044 0,03 0,03 0,025

Né&u cdn chufin héa thé tich binh thi ngudi ta thém nude
vao binh cho dé&n khi dat t6i trang thai can bing lic ddu va
ddnh dfu muc chit léng trong binh bing moét biang gidy dan
ti€p xic véi méat phing vach khum cla nudc trong binh va sau
dé khdAc thanh vach.

b) Pipet thutng., Hdt nudc vao pipet 18n qud vach dé vai cm,
gilt pipet & vi tri thing ding va ti ddu mut pipet cho ti€p xic
v&i thanh cde kho, sach va tli ti xoay pipet (ngdn tay trd phai
van bit 18y miéng pipet) cho nudc chiy didn xudng cho téi khi
méit khum cta nude tring voi vach chia trén cd pipet.

Nhéc pipet ra, gitt & vi tri thing ding va dé d4u muit pipet
cho ti€p xic voi thanh lo c4n hodc binh hinh ndn cd nit nhiam
sach (dd duge lam khé va can trudc) d& cho nudc chay hoan
toan tu do ra khéi pipet, d€ nguyén pipet § vi tri nhu vay
trong 15 giay, rdi nhdc pipet ra (khéng thdi giot chit ldéng cdn
s6t lai & ddu miait pipet}). Sau dd cdn ca lo can (hoac binh) véi
nude (ed nip diy kin).

Can cd vao khéi lugng nudc di cdn va cdc s8 liéu trén bang
ta tinh ra thé€ tich cia pipet. Cdc két qua kim tra phai duge
lap lai vai 14n va n&u k&t qua hai l&n cdn khéc nhau qui 0,01g
thi phai kifm tra lai.

Né&u phai chudn hda pipet thi mdi dau dan mot bing gidy
milimet 1&n ¢é pipet. Sau dd hit mot thé tich nudc da do trude
tugng dWng vdi thé tich pipet. Danh ddu mat khum cia nuéc
trén bang gifly r6i cidn lugng nuéc chidy ra nhu trén. Can ct
vao khéi luong nudc va s6 lidu trén bang ta tinh ra thé tich
tuong Ung cua pipet. Tiay theo su khidc nhau giita thé tich thu
duge va thé tich dy tinh ghi trén pipet (theo lugng nudc can
dugc) va can cd vao dudng kinh trong cta c8 pipet ma ta tinh
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ra d6 dai trén bang gidy phai dich chuyén d€ pipef cd thé tich
mong mudn, 181 khac vach chia trén pipet tuong dng véi vach
di danh ddu trén bang gidy.

Bidng 3.1
Bang sd liéu chuln hda thE tich
Nhi¢t | Khéi luong | S6 sé | s6 S8 hitu 1000~ Nhiét
d6 | chan khong | hiéu hi¢gn | higu chinh -4+ B+C)y| do
0°C | cita 1000mI | chinh | chinh | chinh | A + B + Cg 0°cC
nudc Ag B,g C‘,g
15 | 999.13% | 087 | 1,07 | 0,13 2,07 997,93 15
16 998,97 1,03 | 1,07 | 0,10 2,20 997,80 16
17 998 80 120 | 1,07 | 008 2,35 997,65 17
18 998,62 138 | 1,06 | 0,05 2,49 99751 | 18
19 998,43 1,57 | 106 | 0,03 2,66 997,34 19
20 998,23 1,77 | 1,05 | 0,00 2,82 997,18 20
21 998,02 1,98 | 1,05 |-0,03 3,00 997,00 21
2 997,80 220 | 1,05 |-005 3,20 996,80 22
23 997,56 244 | 1,04 [-0,08 3,40 996,60 23
24 | 99732 268 | 1,04 |-0,10 3,62 996,38 24
25 997,07 293 | 1,03 |-013 3,83 996,17 25
26 996,81 319 | 1,03 [-0,15 4,07 995,93 26
27 996.54 346 | 1,03 |-0,18 4,31 995,69 27
28 996,26 3,74 | 1,02 |-0,20 4,56 995,44 28
29 995,97 303 | 102 |-023 4,82 995,18 29
30 995,67 433 | 101 |-025 5,0 994,91 30
31 995,37 463 | 1,01 |-028 5,36 994,64 3l
32 995,05 495 | 101 |-030 5,66 © 994,34 32
33 994,73 527 | 100 |-0,33 5,94 994,06 33
34 994,40 560 | 1,00 [-035 6,25 993,75 34
35 994,04 594 | 099 |-038 6,55 993,45 35

+ D&i voi thdy tinh thudng (Na, Ca), néu thdy tinh borositicat thi s6 hiéu chinh
s& 16n hon 0,4,
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Sai s6 pipet khéong duge vugt qua cde gidi han sau :

Thé tich pipet, m! : 2 5 10 25 50 100
Gi6i han sai s6, m{ : 0,006 0,01 002 0,025 005 008
%: 03 02 02 01 01 008

Qua day ta cing thdy cdc pipet bé kém chinh xic hon va
d&€ lam viéc chinh xac nén diung cdc pipet cé thé tich = 25mli.

¢) Buret. Mac buret da rita sach vao gig & vi tri thing ding.
D8 nuéc vao buret 18n qud vach khéng d6 Sem. Dgi 1 phat dé
cho nudc dong & thanh buret kip chay xu&ng hé&t. Diéu chinh
voi buret dé ha muc nudc xudng sao cho mat khum ti€p xic
voi vach khéng. Cédn thén dung gidy loc th&m giot nuéc con
dong & dudi buret. Phai cha ¥ quan sit ding d6 cd bot khi &
trong ph&n dudi cia buret, néu cd, phai mé vdéi d€ nudc chiy
manh khéi buret va dfy bot khi ra ngoai.

Mé voi ti tit cho nudc chady cham (t6c d6 1Omi/phit) vao
cac lo can khd (dd duge cén trudc) theo titng khodng mét trén
buret (0 - 5 0-10; 0 - 15 ; 0 - 20 ; 0 - 25m{). Lam lai
thi nghiém vai 14n sao cho két qua cdc l4n can khong chénh
léch nhau qua 10mg. Xhi doc s6 trén buret phai d€ mét ngang
véi mat phéng vach khum va phai doc chinh xdc dén 0,01m!
va phai dgi 1/2 phuat sau khi cho chdt 1ong chay dén vach, r6i
moi doc 86 trén buret. Can cd vao khéi lugng nuéc can dude
ta tinh thé tich tuvong Wng trén buret. N&éu dd chénh léch gitta
gia tri ki€m tra v6i th&€ tich tung doan tuong dng ghi trén
buret vuot qua 0,01m! thi phai lap bang hidu chinh gém 2 cot :
cht trdi ghi sé do th€ tich trén buret, c6t phai ghi th& tich
thye. BAng nady can ddn ngay vao gid buret.

Sau day la cdc sai s6 cho phép khi ki€m tra buret :

Thé& tich ghi trén buret, mi: 5 10 50 100
Gidi han sai s6 , ml 0,01 0,02 0,05 0,10
% : 0,2 0,2 0,1 0,1
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5. Hiéu chinh nhiét do. Khi sd dung cac dung cu do thé
tich ta thudng lam viéc & nhiét do khac véi nhiét 46 khi kiém
tra thé tich, vi vAy céin chG y hiéu chinh nhiét d6. Ngudi ta
thudng quy uéc hé s8 gian nd thé€ tich trung binh cda nude va
cde dung dich loang (< 0,1M) la 0,00025/1°C (0,025%), trong
khoang nhiét d6 tit 20 - 30°C, hé s6 giin nd th€ tich caa thiy
tinh thudng la 0,000025/1°C.

Vi du 3.4. Khi pha ché& dung dich KCl 0,1018M ngudi ta hoa
tan lugng can cfn thigt cia KCI trong nude & 25°C réi pha lodng
trong binh dinh mic 1 lit duge ki€m tra chinh xdc & 20°C.

Hay tinh nfng d6 cia dung dich KCl & 25°C va ¢ 20°C.

Thé tich binh & 25°C :

V,o = 1 + (0,000025.5) = 1,00013!
3 25°C : _
_0,1018
KCH ™ 1,00013
Thé tich nudc & 20°C :

1,00013 - ¢5.0,00025) = 0,99888!

0,1018
ke1 = 50888 = »1019M

C = 0,1018M

3 20°C : C

CAU HOI VA BAI TAP

Néu nhiing ngudn gde sai 8§ khi caAn trén can phan tich.
Neu cang dyng cia a) binh dinh mic ; b) buret ; ¢) pipet
Néu nhilng ngudn géc sai s6 khi do thé tich bang
a) binh dinh mic ; b) burel va c) pipet.
4. Tai sac khi Iy dung dich 1l turel va pipet phai dé buret va pipet & vi tri thiing diing.

Vi sace khi doc s8 trén buret ciing nhu khi didu chinh chdt 16ng dén vach cia pipet.

va binh dinh milc phai dé mét & cing mat phing ngang vdi vach chia va mit khum
cia chdt 16ng.

Vi sao phai kidm tra dung cu do thé tich. Neu nguyén tic kiém tra:
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Sai 86 nao sé xfy ra

ay khi ¢an CaClz trang lo cin khéng day nip.

b} khi can 13804 trong lo cin khong day nip.

c) khi can NaCl (khan) trong lo can khong day nip.

Khi kidm tra binh djnh miic 50,00m! ngudi ta iy nudc cil & 28°C dén vach mic
r6i can thdy khdi lugng ciia nudc bing 49,775 gam. Tinh thé tich binh dinh mic &
20°C,

10. Tinh thé tich binh dinh mic 250m! & 25°C, biét ring khi kiém tra binh & 30°C

11.

khoi lugng nudc can dudce la 248,76 gam. Cho biét hé s6 piin nd cia thiy iinh
.S
1a 1.10,

Dé pha ché dung dick chufn AgNO3 0,01006M ngudi ta can hda chit tinh khiét
réi hoa tan trong midc va pha lodng vdi aude thanh 1,0002 (it (ding binh dinh mic
dugc kiém tra chinh xéc 3 20°C).

Hay tink ndng dd cla dung dich AgNOs & 20°C va & 27°C.
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Chuong 4
PHUONG PHAP PHAN TiCH KHOI LUONG

§4.1. NGUYEN TAC CHUNG

D& xdc dinh. khéi lugng cdu td M cd trong d6i tugng phén
tich X ngudi ta tach hoan toan M ra khdi cic cdu id khac duéi
dang mé6t hop chit hdéa hoc cd thanh phén xdc dinh, vi.du
M, A . Dua vao luong cin cia X va cia M, A ma tinh khéi
lugng M hodc ham lugng % cta M cd trong dbéi tugng phéan
tich. :

C6 thé tach cfu tit xdc dinh dusi dang hgp chAdt it tan. Vi

dy, dinh luong sunfat bang céch lam ké&t tia dudi dang BaSO,.
Né&u cfu tid xdc dinh d& bay hoi hoac cd thé dé dang chuyén
thanh hgp chdt dé bay hoi @ nhirng didu kién thuc nghiém xdc
dinh, thi ¢ thé dung phuong phap dudi bing cach dun ndng
hoac nung méiu phan tich & nhiét d6 cao va dua vao khéi lugng
hut di khi x& 1{ phan tich ma suy ra ham ludng cfiu ti xdc
dinh trong d6i tugng phan tich.

Vi du, d€ xac dinh nudc két tinh ¢d trong bari clorua ngim
nuée BaCl,. 2H,O, ngudi ta siy méiu d nhiét d6 120°C cho dén
khi dudi hét nude.

Can cid vao d6 hut khdi lugng cua miu trude va sau khi s&y
ma suy ra ham lugng H,O trong BaCl, 2H,0.

Cing cé thé giit lai cqu ti xdc dinh sau khi bi dudi ra khoi
mAu phan tich bing m6t s6 chdt hdp phu thich hgp. Dua vio
do tang kh&i lugng cha cdc chdt hdp phu sau tht nghiém ma
suy ra ham lugng cdu t& xdc dinh cd trong méu phan tich.
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Vi dy : d€ dinh lugng cacbon, hidro trong céc chdt hitu co
ngudi ta dbét chdy miu d€ chuyén cacbon thanh khi cacbonic
va hidro thanh H,O, r6i cho h&p phu chon loc d€ giit lai Co,
va H,0, cin cu vao khdi lugng cha ching ma tinh ra ham
lucng C H trong méu.

Phuang phdp phan tich khéi lugng két tia ddng vai tro quan
trong va ¢6 Ung dung rong rai nhdt. Cac giai doan co ban cta
qué trinh phan tich khéi lugng két téa bao gém :

- Can miu va chuyén miu vao dung dich

- Lam k&t tda cfu td xdc dinh dudi dang hop chat khs tan
(dang k&t tda).

- Loc va rda két tua.

— Sdy, nung (n&u céin thiét) dé chuyén dang két tda thanh
dang can.

- Cén san ph&m khs.
- Tinh k&t qua phan tich.

Trong cdc giai doan ndi trén thi giai doan lam két tia déng
vai trd quan trong nhét. Viéec chon thude thir lam két tda o6
¥ nghia to 16n d6i v6i d6 chinh xdc phan tich cing nhu quyst
dinh d&n cac thao tdc xi li k&t tia vé sau. Viée chon thudc
thit phai cén cd vao yéu cfu cia dang két téa va dang cdn.

$4.2. TINH TOAN TRONG
PHAN TiCH KHOI LUONG

Trong phan tich khéi lugng thuding phai tinh cac didu kién
tién hanh phén tich : tinh lugng méu cén cin phai ldy dé phan
tich, tinh diéu kién lam k&t tda (lua chon thude thd lam két
tha, che céc ion edn trd, anh hudng cta pH, ciia chét tao phic
phu v.v..) va tinh két qua phan tich. Viéc tinh diéu kién l1am
két tha di duge xét trong phin li thuyst can bing ion*. O day

* Xem Nguyén Tinh Dung, Hoéa hgc phan tich, Can bing ion trong dung djch,

NXBGD Ha Noi, 2000
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chi xét d6n mot s6 vi du tinh toan lién quan dén viéc tinh
lugng chit phan tich va ddnh gi4 k&t qua phan tich.

Viéc tinh todn trong phﬁn' tich khéi lugng (cing nhu phéan
tich th& tich) duge ti€n hanh thuén lgi bing cdch sit dung dinh
luat hgp thie. Vi vy o diy cd nhéc lai ndi dung chu y&u cuia

dinh luit nay**.

I - Djnh luét hgp thuc

1. Toa 4 phdn iing

Khi phan dng héa hoc xfy ra hoan toan thi tl sé gikta do
bién dfi s6 mol (hodc d0 bién d8i néng d9) cia mdéi chdt phan

dng v&i hé sd hop thie

tuong dng duge goi 12 toa do phan uUng.

Dai lugng nay chung cho moi chdt phan dng.

D6 voi phan dng

v A + vBB — vCC + vDD

ta co :
toa d6 phdn dng : £ =
hoac x =
Tdng quit E =
x =

An, Ang  Ang  Ang

NS Ye 4))

AC, AC, AC. AC,

v "B Yc¢ VD

An

_vi_ {4.1)
AC,

- (4.2)

G day An, AC; Ia d6 bién d6i s6 mol hogc néng d¢ cia cfu

td i bft ki trong phan
An.

AC.

dng ma ta xét :

—_ o]
n T ony

¢ -c

++'Xem Nguyén Tinh Dung, trong "Mot s6 vén dé chon loc ciia héa hoc”, 1p 2,
trang 99 - 102, NXBGD, Ha Noi, 2000.
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n, C, chi s6 mol, néng do sau phan dng ;
n? ; CP chl $8 mol, néng d6 trudc phan dng.

3
An, AC, < 0 di v6i cdc chit dau, va > 0 d6i véi céc chit cubi.

Dé cac biéu thidc (4.1) va (4.2) 4p dung cho mgi cfu tu, ta
quy udc v, < 0 d&i v6i chat ddu va », > 0 d&i véi cdc chdt cubi.

T (4.1) va (4.2) ta suy ra :.
An; = v, (4.3)

1

AC- = xvi . (44)

1
Tt (4.3) va (4.4) ta ¢ thé ddnh gid lugng chit tham gia
phan dng, néu biét toa d6 phin dng. Tt dé cd th& tinh lugng
chdt sau khi phan dng k&t thidc :

n; = n? + An, (4.5)

C, = C° + AC, (4.6)

1

2. Toa dé cuc dai
Tu (4.5) va (4.6) ta thdy khi phédn dung két thic thi néng do
chdt dau khéng cdn nita (n, va C; — 0) do dg
n g
'Ei = _n?ﬁ’i = m‘ va Ii o= —‘?i“

|vi

Gia tri bé nhéit trong cde gia tri §; (hodic x;) dugc goi 1a toa
d6 cyc dai cha phan dng, vi phidn dng sé ding lai khi lugng
ciua cdu td i nay bing khong. Ta viét

n

o = min{ad|v.||v. < 0} hoac | (4.7)
x = min{C?f|vi| |1ai < 0} {4.8)

max

II - Tinh lugng chét phén tich

Viéc tinh lugng ch&t phan tich cdn Ify nhim thdéa man cic
yéu clu

- thich hop cho viée xi i miu : khéng tdn qud nhiéu thube
thit, khéng mAt qui nhidu thoi gian khi hda tan miu.
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- Lugng két tua tao ra thich hop cho vige xit 1 d& chuyén
thanh dang cin (khéng qua it cing khéng qua nhiéu). Néu
luong két tua it qua thi sai 38 do m&t mat khi loc, ria, sé 16n.
Néu két tda qua nhiéu thi s&8 m&t nhidu thai gian d€ x¢ 1i,
khong thich hgp véi kich ¢ cde dung cu phan tich thong thudng
(phéu loc, chén loc), t8n thudc thd khéng cén thiét.

Vi du 4.1, D& dinh lugng clo trong mudi an cd do tinh khiét
= 80% cin cin lugng mudi bing bao nhiéu dé sau khi hda tan
va két tha ion CI” duéi dang AgCl thi k&t tia can duge c6 khsi
lugng vao ¢& 0,6 gam.

Phuong trinh phan ing ké&t tas :
NaCl + AgNO, — AgCl | + NaNO,

o m (g
" NaCl
0,5
" AgCl
0,6
Toa 49 ouc dai = ma = F = 21
m = 0,5.%
58,4427 100
Lugng cédn cén ldy : ag = 0’5'12’5_3-2_1"@ = 0,2549g

Céan can chinh xic ¢d 0,25 gam mudi an.

Vi dy 4.2. Tinh s6 mililit NH, 4,5% d = 0,98 g/ml) cdn d€
lam két tha sdt dudi dang sht (III) hidroxit tit mét méu 1,000
gam quing sit chdia 30% Fe,0,, biét rdng cdn dung thudc thu
dv 10% so v@i lugng U thuyét.

S48 mol Fe cé trong quang :

1,000.30.2 0,60 _3
IOOXFeZOJ ~ 159,69 3,767.107° mol.
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Néng d6 mol cia NH, :

4,5.1000' 44,1 _
CNH.J = 100:’0,98.NH3 = 17.03 = 2,5890 .

Fe** + 3NH, + 3H,0 — Fe(OH);| + 3NH;

2,589V
o -7 )
n® 3757.10 S50
2,689V
_3 _ H — =
Epex 3871073 = Foo V = 4,353
Thé& tich thusc thi cén ding :
110 110 ;
V'WO = 4,353.“@ = 4,788m£

Cén ldy d6 4,8ml NH, 4,5% d€ lam két tda Fe(OH),.

II1 - Tinh két qua phan tich
Vi du 4.3.

D€ dinh lugng sit ngudi ta can 0,5150 gam quing sit hoéa
tan trong axit va oxi hda sAt thanh Fe®. Sau dd lam két tia
sat dudi dang hidroxit, loc, nung, can duge 0,2505 gam Fe,Q,.
Tinh % Fe trong quing (a%).

2Fe¥ — 2Fe(OH); —  Fe,0,
o 0,5150.¢
n ——
100.55,85
0,2505
159,69
£ 0,5150¢  0,2505
max 100.55,85.2 ~ 159,69

Ham lugng sit trong quing :

0,2505. 100 . 55,85. 2
0,5150.159,69

a% =

= 34,02%

Vi’ du 4.4. D€ xdc dinh ham lugng photpho trong mét mAu
quing phoiphat ngudi ta hda tan 0,4180 gam quing va lam ké&t
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tia photpho dudi dang MgNH,PO, 6H,0. Sau d6 nung d& chuyén
thanh Mg,P,0,. Khéi lugng Mg,P,0, can dugc bing 0,2208
gam. Tinh ham lugng P,O, trong quang.

P,05 — 2MgNH, PO, — .Mg2P207
mg ag

“max P 205 Mg,P,0,
m 02208
141,95 — 222,55
141,95 '
m = 0,2208. 5555 = 0,1408¢
100 .
%P,05 = 0,1408. e = 33,68%

Vi du 4.5. Hoa tan 0,5908¢ mot m&u phan tich chia AL(SO,),,
MgS0, va tap chit tro. Lam két tia AlP* va Mg?* dudi dang
oxiquinolat Al(C,H,NO), va Mg(C.HNO),. Loc k&t tua, lam
kho, sdy 4 300°C duge 0,8976g. Nung d€ chuyén thanh ALO,
vA MgO duge 0,1050g. Tinh thanh phdn % cda AL(S0,), va
MgS0, cé trong méu.

Goi s6 gam cia AlL(SO,), la x vA s6 gam cia MgSO, 1a

ALSO), - 2ACHNO),  — ALO,
o x gam x
" anso,, T 342,135
_ & _x
n 342,135 342,135
MgSO, —- Mg(C,HNO), ~  MgO
Lo Ygm _
MgS0, ~ 120,341
. _y _y
120,341 120,341
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Ta c¢6 céc phuong trinh :

459,439 +

312,61 = 0,8976 .

X —
342,135° 120,341

x _y _ .
342,135 101,96 + 750 34 40,3044 = 0,1050

O day, kh6i lugng mol ctia ANCHNO); 459,439 ;
Mg(C,H,NO), 312,61 ; ALO, 101,96 ; MgO 40,3040

hay 2,6857x + 2,508y = 0,8976
0,2980x + 0,3349y = 0,1050
Giai duge x = 0,2221g
y = 0,1159g
%AL(S0,); = 37,59%
%MgS0, = 19,62%

§4.2. YEU CAU bOI VOI DANG
KET TUA VA DANG CAN

Dang két tda 12 dang hgp chdt tao thanh khi cho thubc thi
lam két tia phan dng v6i cdu ti x4c dinh. Dang cén 132 hop
chdt ma ta do truc ti€p khdi lugng cia né d€ tinh k&t qua
phan tich. Trong nhiéu trudng hop dang két tGa va dang cén
12 mot, vi dy BaSO,, AgCl v.v... Trong nhiéu trudng hop dang
két tia cd thanh phin khdong xdac dinh nén khong thé cin cui
vao d6 d€ tinh két qua phan tich, nén sau khi lam két ta
phai x& li héa hoc va xi i nhiét d€ chuyén thanh dang cén
cé thanh phdn xic dinh va cd th& can duge. Vi du, khi 1am
két tia ion Fe* bang natri axetat thi thu dugc axetat bazg
Fe(IIl), trong d6 thanh phén ion OH~ va CH,COO0” dao dong
thy theo lugng thudc thit, pH, nhiét d4 v.v... Khi nung ¢ nhiét
dd cao thi dang k&t tda chuyén hoan todn thanh dang can sit
(I1I) oxit, c¢d thanh phin x4c dinh. Cic hgp chét dung lam dang
két tua phai théa mén cdc yéu cfiu sau

~ 6 d6 tan bé nhft
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- ¢6 d6 tinh khi&t cao nh#ft hodc chi chia cac tap chédt cd
thé dui dé dang khi sdy va nung.

- ké&t tha tao thanh phai d4& x 1i (khi leec, ria).
- d& dang chuyén thanh dang c4n khi sy va nung.

Thuan lgi nhdt 13 chon duge két tia & trang thai tinh thé

to hat vi it h4p phu ch4t b&n, d& loc, dé rira.
Dang can phai théa man céc yéu cdu sau :
- ¢dé thanh phfin hda hoc ¢ng ding cong thic

- bén hda hoc nghia 12 khong bj thay d3di trong qud trinh
thao tdc phan tich vé sau (khong bi oxi hda bdi khéng khi,
khéng hat &m hoac h&p phu khi cacbonic vA khéng tu phan
huy). -

- chia cfiu ti phan tich véi ham lugng cang thdp cang tét.
Diéu ndy nhdm gidm d&€n mudc thdp nhit anh huéng cta
cdc sai 86 thuc nghiém d&n k&t qui cudi cing. Ching han,
khi dinh lugng crom duéi dang crom oxit Cr,0; thi sai s6 do
mit Ilmg k& tda khi phan tich dng v6i sy m4t

2Cr 104 L.
Cr,0; = 153 = 0,7mgCr ; con khi xac dinh crom & dang

BaCrO, thi Iluwgng m&t tuong dng cha crom I3

C
r o 02 _ 0,2mg Cr. Nhu vay viéc sit dung BaCrO,

BaCro, '~ = 2533
lam dang can t6t hon Cr,0;.

2¢
Chi y rdng, cde ti s6 T va
3

Cr,0
thita s6 phan tich khéi lugng.

Cr . .
BaCro, thudng duge goi la

§4.3. LUA CHON DIRU KIEN LAM KET TUA

Viéc xem xét li thuyst cdc yéu t8 anh hudng dé&n viéc lam
k&t tia hoan todn cfu ti xéc dinh (d6 tan, pH, chét tao phic
v.v..), cing nhu cdc y&u t6 Anh hudng d&n do tinh khi&t cha
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két tia da duge xét dén trong phan I'. O day chi xét dén mot
s6 didu kién thuc nghiém cda viéc lam k&t tua trong phan tich
kh6i lugng nhu chon lugng chét phan tich, lugng thude thi lam
k&t taa, nhigt d6, v.ov...

I - Lugng chét phan tich

Khong nén ldy lugng can chit phén tich qua bé vi s& mic
phai sai s8 lén khi can. Mat khédc, cling khong duge 18y lugng
cdn qua lén vi s& thu duge qua nhidu két tia, lam mét rét
nhidu thi gis d& loc, rta va khong tién khi lam viéc v&i cdc
dung cu phan tich théng thudng (phéu loc, chén nung, cbc v.v...).
Théng thudng khi phan tich nhitng hgp chét xdc dinh trong dd
chi cdn phan tich ham lugng mot cfu td chinh thl chi nén 14y
lugng cAn tir 0,2g (d6i véi cac hop kim nhe v.v..) dén lg (d6i
v8i quang, silicat v.v..). Khi phan tich cdc lugng vét thi tiy
theo mAu ma cd thé 18y lugng can lon tit 10 - 100g.

I - Ch#t lam két taa

Ch4t lam ké&t tha thudng duge chon sao cho d§ tan két tua
tao thanh la bé nhAt, va phai ¢é tinh chon loc, nghia 1a khong
lam két tta dong thoi cdc ion khae c¢d trong dung dich phén.
tich. Phai chon chit lam k&t tda v& lugng du cia nd sao cho
gsau khi lJam két tda, lugng clu td xdc dinh con lai trong dung
dich khéng vuot qud gidi han d6 chinh xdc phép can (0,0002g).
Thoéng thudng néng d6 thudc thi lam két taa bac gid cing lén
hon nhiéu l8n néng do cdu ti xdc dinh. D& lam k&t tua hoan
toan can lay ti 1& thé tich thudc thi so v6i thé tich dung dich
phan tich bang ti 16 hé s6 hop thic trong phuong trinh phan
Ung gita ion lam k&t tda va ion cén xic dinh (xem phén I,
trang 177).

Khi lam két tia cdc k&t tda tinh thé€ thi nén ti€n hanh lam
két tta cham t¥ cdc dung dich loang bang cdc thubc thi loang.

* Nguyén tinh Dung, Héa hoc phén tich, phin I Li thuy&t od sd. Nha XBGD Ha ndi,

1981, Héa hoc phén tich, Can bing ioh trong dung dich, NXBGD, 2000.
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Né&u két taa 1a vo dinh hinh (mét sé hidroxit, sunfua), nhat la
két tha va nudc, thi tdt nhidt la lam ké&t tda tit cdc dung dich
dac bing cac thufc th¥ cd néng dd cao va lam két tda nhanh,
nhim muc dich lam gidm b& mat chung va gidm thé tich két
tia. Sau khi lam k&t tda xong lai pha loang véi nuée trude khi
loc d& giai hdp mot phdn 16n cac ion la ra khdi bé mat ket
tia va lam cho viéc loc duge dé dang.

DGi véi két taa tinh thé thi phai ¢é thdi gian lam musdi can
thiét trudc khi loc. Con d6i vai két tha vo dinh hinh thi nén
loc nhanh ma khéng nén cho két tua tiép xic lau véi dung dich
nudc cdi dé giam b6t hién tugng nhiém ban két tua.

IIT - Nhiét dg

Ndi chung, thudng lam k&t tda khi dun ndng. Ddi voi két
tda tinh thé thi viéc dun néng cé tdc dung lam tang do tan,

lam gidm d¢ qua bao hoa tuong d6i va gidm duge s§ trung tdm

két tinh ban ddu, tao duge két tha tinh thé€ to hat.

D6i voi két tha vo dinh hinh, visc dun ndng giip déng tu
va lam to hat.

D6i vai két tha c6 dd tan tang khi dun ndng thi trudc khi
loc, phai lam ngudi va phai ra bing nudc ria ngubi. D& véi
két tia keo cé dd tan bé nhu Fe(III) hidroxit thi phai loc néng
va ria bing nudc rita ndng d€ tranh sy pepti hda.

_§4.4. LOC VA RUA KET TUA

Trong nhiéu quy trinh phan tich khéi lugng ngudi ta dé nghi

d€ lang dung dich mét thai gian trude khi loc. D6i véi két taa -

tinh thé viée d€ lang cd tdc dung thic ddy qud trinh mudi, do
do két tha tach ra sach hon, to hat, dé loc. Thai gian lam mudi
cd thé kéo dai tit ndta gid dén 24 gis. Tuy vay, cfin xem xéti
tung trudng hop cu th€ dé€ tranh cic sai sé cd thd xay ra.
Chéng han, khi ¢d sy két tua sau cdc ion la, thi n&u d€ tigp
xuc két tda vai nude cdi cang lau thi lugng ion la bi két tda
cang nhiéu. Khi lam két tia nhém duéi dang hidroxit bing
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amoniac dd, néu d& lang lau thi dung dich sé hdp phu khi
cacbonic ti khéng khi tao tharh amoni cacbonat giy ra su két
tia ion Ca?* duéi dang cacbonat.

Déi véi cdc két tia vo dinh hinh thi sau khi da déng tu nén
loe ngay, vi vigc d€ lang lau s& lam két tua chdc lai, rdt kho
ria. Mat khdc, mot s6 k&t tua lai tdach ra it dung dich kiém,
néu dé lang lau thi cdc tap ch4t tit thanh binh sé kéo theo viao
két tia do thay tinh bi an mon trong méi trudng kiém (vi du
stlic).

DE€ loc két taa trong phan tich dinh luong thudng ding chén
loc thiy tinh va gidy loc. C4c chén loc duge d4anh s6 ti 1 dén

-4 tuy theo kich thudc 18 : s6 1 : dudng kinh 15 tit 100 - 1204 :

$6 2 :40 — 504 ; 86 3 : 20 - 254 ; va s6 4 : < 10x. Tuy theo
dang va kich thudc hat k&t tia ma chon chén loc cd sé thich
hop. Thudng loc bang hit chan khéng. Sau khi loc xong cd thé
lam khé va& can truc ti€p chén va két tia. Tuy vay, chén loc
chi dung duge khi phai lam khé két tia ¢ nhist do dudi 600°C.

Trong phén tich dinh l¢ong thudng dung gify loc khong tan
tic 14 gidy loc thuing da duge xit H bang axit clohidric va axit
flohidric. 8au khi nung xong lugng tan con lai chi ti
0,03 - 0,08mg. Kich thudc 16 gify loc tit 2 - 6u4. Gify loc diung
thich hgp d€ loc cdc két tia keo cd thé tich lon. Khong thé
can tryc ti€p két tia vdi gidy loc duge ma phai nung d&€ hoa
tro gifly loc. G day cd thé x4y ra qua trinh khi ch4t phan tich
bdi cacbon (vi du khéng thé nung AgCl trén gidy loc "khéng
tan"). ' .

Khi loc nén dung phuong phap gan két hgp véi rita két tda.
Mdi ddu gan phédn l6n nuéc cai trén két tia. Sau d¢ thém ting
it mot nude ria vao két taa trong cée, dun nong néu cén thist,
dé€ lang va lai gan dédn nudc ria qua gidy loe hosc chén loc.
N&u k&t tia cd do tan rAt bé va cd hién tuong pepti hoa thi
t6t nhét la nén ria bing nudc cit ndng. Néu két tda d& chuyén
thanh trang thadi keo thi nén rda bing mét dung dich lodng
chdt dién li déng tu thich hgp d& khi xi i vé sau cd thé dusi
dé& dang. Vi du, diing dung dich NHNO, 1 - 3% lam nudc rita
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rdt tién, vi khi nung thi NH,NO; bi phan hdy vad sin phdm
phan hdy cia né khong tao hgp chit dé bay hoi v6i cac ion
kim loai.

Né&u hgp chit két tda cd do tan 16n thi phai tim cach lam
han ch& sy mat k&t tda khi rda. CS th€ ria bing nudc rda
chita thuéc thit ¢6 ion clung tén véi ion cha két tda, néu thude
thi nay dugc dudi dé dang khi nung k&t tua. N&u khong, thi
méi ddu vAn rita bang dung dich thude thlt chita ion cung tén
véi ion cua két tia d€ dudi hét nude cdi va tap chat hdp phu
vao két tia, va sau dé ria bang it nudc cAt ngudi d€ dudi hét
lugng du cta dung dich da diung d€ ria.

Trong mét ¢6 trudng hgp ngusi ta rda bing dung méi hitu
co, vi du nudec - rdugu, nugc - axeton d€ han ch€ d¢ tan cia
két tia.

Trong trudng hgp viée ria chi don thudn d€ duéi tap chédt
cd trong nudc cai bi gitt lai trong két taa, thi viée rira dat hiéu
qui cao nhdt néu ta chia thé tich nuéc rda thanh tidng phén
nhé va ria nhidu 14n ma khéng nén rda it 14n, méi l4n lai
dung thé tich 1én. )

Didu nay c¢d thé rat ra tit suy ludn sau :

Néu th€ tich nudc cai bi git lai trén két tha la v va néng
do ch4t bdn trong nudc cii ban ddu la C_ mol/i, th€ tich nudc
rda 12 V thi ndéng d6 ch&t b&n trong nudc cai cdon lai trén két
tla sau ld4n rita thd nh4t 13 :

G=v+v %
Sau l4n ria thd hai :
v’
1 v 2
CG=v+v " (V+v) G

Sau ldn rua thd n :

v n
Co = (V + v) Co
va lugng chét bdn con lai trén két tda sau ldn ria thd n la
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v L]
W, =Co = (y39) vG
Théng thudng V > v nén W_ sé cang bé khi n cang lon.

Vidunfuv =1,C, =1,V =25 n = 2 thi
1

W= (55 1)2 1.1 =1,510%

néu V= 10, n = 5 thi

1
10 + 1

Trong truong hgp k&t tda bi bdn do hidp phu bé mit thi hiéu
sult rda gidm ddn khi s6 14n rita cang ting. Vé nguyén tic
khéng th€ dudi hoan toan ion h&p phu duge. Phuung phdp ria
cd hiéu qua & day 14 rita bing nuée rita cd chida ion cd thé
trao d8i v4i ion d6i hdp phu ma khi xit i vé sau cd thé dubi
dé dang khéi ké&t tua.

W= )5.1.1=7.10—6g

§4.5. CHUYEN DANG KET TUA THANH
DANG CAN

D& chuyén dang két tia thanh dang ean thudng dung phuong
phdp sdy khoé vd nung nhim muc dich du8i hét nuéc h&p phu
hoac nudc két tinh, hoac chuyén hoan toan thinh hgp chét cd
thanh phén xdc dinh, hodc phan hiy hoan toan tap chit gid
lai trén k&t tda khi ria. Mot s6 két tda cd th€ chuyén d& dang
thanh dang cén, bang cach sfy kho 0 nhiét d6 thudng khéng
cdn dun nong, bang cdch rita két tia v6i dung méi hitu co nhu
rugu, ete. Vi du, xdc dinh natri duéi dang mudi natri uranyl
axetat NaZn(UO,), (CH,C00),.6H,0. Nhiéu két tda duge chuyén
thanh dang cin bing cdch sdy ¢ nhiét do khoang 100°C. Vi du,
cd th€ sdy kho cdc két tia kim loai tdch ra khi dién phan, céc
két tiua kim loai voi thude thit hitu co, v.v..

Phuong phap phé bién dé chuyén dang két tia thanh dang
cin la nung & nhiét do tit 600°C - 1100°C.
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Né&u thanh phén hda hoc cia chdt két tia khong thay dgi khi
chuyén sang dang can, vi du, cac két tia BaSO4, PbSO4, AgCl
. . thi khéng cdn nung & nhiét dé qua cao. 0 day chi cdn nung

a nhu_at dé du hoa tro gidy loc, hodc du d€ dudi hét nudc bam
vao b& mat k&t tua, hoac nam trong cic khe gitta cac hat két
tua, Trong mot s8 trudng hgp viéc nung ¢ nhiét d6 qud cao cd
thé lam xdy ra cac qua trinh phy. Vi du, khi nung BaS0O, &
nhiét d6 qud cao thi két tda cd thé bi phan huy thanh BaO vi
SO, (trén 800°C).

D6i véi cdc két tda bi thay d6i thanh phén hda hoc khi
chuyén sang dang can thi phai nung & nhiét dé da cao. Vi du
két tia Fe(II) hidroxit chuyén hoan toan thanh oxit Fe,0, &
nhiét d& 1000 - 1100°C. Cac sunfua kim loai chi chuyén thanh
oxit ¢ nhiét d6 rdt cao.

Cung mot dang ké&t tda c¢d thé chuyén thanh cic dang cAn
khdc nhau khi nung & cdc nhiét do khac nhau. Vi du dang két
tha canxi oxalat duge chuy€én thanh céc dang can CaC,0,H,0

(s&y & 105 - 110°C) ; CaC,0, (200°C) ; CaCO, (475 - 525°C) ;

hode CaQ (1100 - 1200°C). Khi nung phii chd ¥ t6i cdc qui
trinh phu c6 thé xdy ra, gay sai s6 phan tich, trong do ddng
chi ¥ la sy khi k&t tha va su bay hoi. C6 thé xay ra sy khu
khi nung trén ngon lia dén khi hoac dén ét xang cling nhu
khi héa tro gidy loc. Vi du, khi nung két tha BaSO, trong chén
nung day ndp, do thifu khong khi nén tro gidy loc sé khu mﬁt
phdn BaSO, thanh BaS :

BaSO, + 4C -» BaS + 4CO

Dé tranh sy khd phai d4p dung nhiéu bién phap, vi du cho
nung lau k&t tua khi cd khoéng khi d€. ti€n hanh oxi héa lai
san phdm da bi khid. Hodc sau khi dét chay gidy loc thi lam
ngudi chén, thém vai hat NH,NO; vao chén réi mdi nung tiép
tue v.v...

Mét s8 hop chdt dé bay hoi khi nung ¢ nhiét dd cao, vi du
AgCl, Mo,0, v. v... Mgt 86 két tia tao thanh bdi thudc thit hiu
cd, bi phﬁn hiy khi nung, nhu cidc mudi cia cde axit hdu co
bi phan hdy thanh oxit kim loai hodc kim loai tu do. Mot s6
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chat khi nung khong cd khéong khi bi thang hoa ma khéng phan
hiy, vi du ké&t tua d6 niken dimetylglioximat thang hoa ré rét
ad 250°C. _

Khi nung & nhiét d6 trén 600°C thi thuong dung chén sii,
Ni, Fe hoac Pt.

0 nhiét d6 cao cd th€ can cd mau sdc cha chén platin ma
suy dodn nhiét d6 nung :

Miu Nhist do
Bat ddu hoa do trong téi 545°

: d anh sing thuong  600°
D6 thim 700°
Bat dau d6 anh dao (¢4 man) 800°
Dé anh dao 900°
bé chai 1000°
DPa cam 1100°
Da cam - chdi 1200°
Trang . - 1300°
Trang chdi 1400°
Trang chdi, lée mit 1560 - 1600°C.

D61 véi cdc chén khdc (s¢, sit, Ni) cing cd thé dung gan
ddang thang nhiét d6 nay.

Chén platin ¢ vu di€m lon la nhiét d6 nong chay cao nhit
(1755°C), khong phan dng vdi oxi khéng khi, v6i hdu hét cdc
axit ; cé th€ dung d€ nung véi Na,CO,, c6 dé din nhidt cao,
nhiét dung thdp, hdp phu rdt it hoi nuéc trong khéng khi.
Nhuge di€m 16n la dat tién, mém, dé bi bién dang, téac dung
v6i hau hét cdc kim loai d§ tao thanh hgp kim. Vi vay, phai
dit chén platin ndng do trén gida bing platin hodc thach anh.
Khi gip chén ndng dé phai dung cip cd du mit platin. Khi
lam ngudi d&n nhiét do phong thi eé thé gip bang cap niken
(khéng duge dung cap sét hodic ciip sit chi ma niken) Pt ctng
tdc dung v6i rdt nhiéu phi kim nhu P, As, 8i, C, 8 va nhidu
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hop chdt khdc nhu cde photphat, cac sunfua, cdc oxit, peoxit,
hidroxit kiém, kiém th8, tali, cac xianua, cac nitrat kiém, kiém
thé, nudc cudng toan, FeCl, trong HCl v.v... ; khéng dugc nung
mat chit chua bist thanh phan trong chén platin.

Chén bac cd d6 ndng chay thdp (981°C) dugc ding khi cén
dun ndéng chiy vdi kiém hoac lam bay hdi cdc dung dich kiém.

 Chén niken, sit ding chd y&u d€ dun chay v6i natri peoxit
Na,O,. Chén sit khong ding dun chdy duge qua 6 l&n, nhung
uu di€m 13 gid thanh ré.

§4.6. SU HUT AM CUA KET TUA

Két tta sau khi sy va nung phai dugc lam ngudi trude khi
can. O day thudng xdy ra qua trinh két tia hdp phu hoi nuéc
tit khi quyén. Nguyén nhan hiat &m cé thé la do sy hdp phu
nuéc vao bé mat cdc hat rdn va trong cde vi mao quin cua
cac gen sau khi sy hofic nung (vi du cdc két tda nhom oxit,
silicagen). Su hit 4&m ciing c6 thé do su tao thanh céc tinh thé
ngam nudc (vl du CaCl, khan hit dm tao thanh CaCl,.6H,0)
hodc su tao thanh cdc hgp ch&t héa hoc méi (vi du anhidrit
photphoric (hit &m tao thanh _HPO3 v.v.).

Sau khi sdy hoac nung phai lam ngudi két tia va chén trong
bdu khi quyén khé. Thudng dung cdc binh lam khd cd nap chit

hit &m. Cadn nhd ring, trong khi quyé&n, cin bing véi cdc chit -

lam khoé déu céd mot lugng hoi nudce xdc dinh. Trong bang 4.1
cd ghi lugng hoi nudc (mg) trong 1 it khong khi ecan bang véi
cdc ch&t hit &m khdc nhau (trong blnh hit &m)

Khi chon chdt 1am khé phai ché y dén d6 4m ctia khi quyén
trong binh lam kh6 khi ci4n bing. Trong s8 céc chdt lam kho
thuong ding cd ghi trong bang 4.1 thi P,0; 1a chdt hit &m
manh nhat. Tuy vay, sau mot thdi gian hit &m cé hinh thanh
mot 16p axit metaphotphoric & bé mat dan tdi khd nang hiat
§m ti&p tuc bi kém di ; CaCl, "khan" ban & thi trudng thudng
chita mot lugng nude nhidt dinh, vi vay khl quydn can bang véi
CaCl, nay chiéa lugng hoi nude tuong udng voi khi quyén cén
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bing trén CaCl, H,0. Thudng ding loai CaCl, da duge nung &
nhiét do vira phe‘u 200 - 300°C, vl toc do6 thlet lap can bang
hai nudc trén CaCl, nady nhanh hon d6i véi loai da dugc nung
qua diém ndng chéy (7729).

Bing 4.1
Mikc d hit &m cha mét s chdt 1am kho
Chét lam kho Lugng mg H,0O Ché4t lam kho Lugng mg 11,0
trong 1 lit khéng khi trong 1 lit khong khi
clia binh hut 4m nap cia binh hil 4m nap
cht lam kho chit lam kho
CaCl,.H,0 1,5 CaS0, khan 0,005
NaOH thanh 0,80 Ca0O 0,003
CaCl, khan 0,36 H,80, 0,0025
Silicagen 0,03 (d = 1,838)
Mg(C10,), . 3H,0 0,03 Mg(Cl0,), khan 0,002
KOH thanh 0,014 P,0; 0,000025
Al,O, 0,005

H,50, dac c6 tinh oxi hod manh, trong khéng khi cé mau
thﬁm do cd bui roi vao va san ph&m oxi hos 13 50, cd thé lam
bidn chit phan tich hodc xdy ra phan dng phy ; khé nang hit
&m cling thay d8i theo dé loang.

Cén chi y ring, khi md ndp binh lam khé thi khong khi 4m
0 ngoai sé thay thé moét phdn khéng khi kho trong binh lam
kh6 va phadi mét thdi gian sau méi thigt lap duge can bing.

§4.7. PHAM VI UNG DUNG
CUA PHAN TiCH KHOI LUONG

N¢i chung, phuong phdp phan tich khéi lugng cho két qua
khd tin cay va chinh xdc khi xdc dinh cdc c&u ti lugng 1ém va
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trung binh. D6i v4i da s6 cac phudng phap khdi lugng, sai sé
thudng dao dong trong giéi han t¥ 0,2 - 0,4%. Khi si dung
cdc cAn vi phan tich cho phép can d&n +1.107% va +1.107% va
diing moi bién phap dé€ loai bd cac sai s6 khac thi c6 thé néng
dd chinh xdc phan tich khéi lugng 1én téi 0,01%. Tuy vay chi
trong cdc phép phan tich dic biét, nhu xdc dinh khéi lugng
nguyén td, mdi yéu céu vé d6 chinh xdc cao nhu vay.

Nhuge di€m 16n cia phan tich khéi luong la thdi gian phin
tich qua dai, khéng thich hop khi cdn phan tich nhanh nhu
trong phép phan tich ki€ém tra sian xudt. Phuong phdp kh&i
lugng ciing it ding khi phén tich cdc d6i tugng phdc tap vi khi

<&y phai tién hanh mot loat thao tac téch trude cac cfu tl cin
trd, di6u nay lam phic tap va cang kéo dai thoi gian phén tich.

Bdng 4.2
Dang két tha va dang cin trong mdt sé tredng hop phin tich khdi hremg

inl;yg?n:’d Dang két wa Dang can
Kati KC10, KCio,
Carpxi CaG,0, CaO
Nhom AlI(OH), (AL O . nH,0) ALO,
Silic H,8i0, (5i0; . nH,0) §i0, .
Photpho Mg NH, PO, . Mg, F,0,
Luu huynh . BaS0, . BaS0,
Clo AgCl AgCl
Bac: AgCl AgCl
Kém ZnNH, PO, Zn,P,0,
Crom Cr(OH); (Cr, 04 . nH,0) Cry0y
Mangan Mn{{OH), Mn,0,
St Fe(OH), (Fe,0, . nH,0} Fe, 0,
Caoban CaS Co30,
Niken Niken dimetylglioximat Ni(Dim), | Niken dimetylglioximat Ni(Dim),
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Vi vay phan tich khéi lugng chi dung khi yéu cdu vé 4o
chinh x4c cao va la yéu cdu chid yéu cia phép phan tich, ma
khong céin chd y y&u t6 thoi gian, vi du khi cdn x4c dinh thanh
phédn cdc chfit khoang méi, cac hgp chit t6ng hgp méi, phan
tich cdc miu chuin d&€ kiém tra cac phuong phép phan tich

méi v.v..

Trong bﬁng 4.2 c6 ghi dang két tha va dang cAn trong mét s6
trusng hgp phén tich khdi lugng ciia mét s6 nguyén t6 thuong gip

§4.8. Vi DU THUC HANH
VE PHAN TiCH KHOI LUONG

I - Xdc dinh nuéc két tinh trong BaCl, . 2H,0

1. Nguyén tic

Céc tinh th€ BaCl, ngdm nu6c ndm cén béng vai hol nude
theo cdc qua trinh sau :

BaCl, . 2H,0 = BaCl, . H,0 + H,0 (hoi)
BaCl, . H,0 = BaCl, + H,0 (hoi)
Ap sudt cta hoi nubc thay d8i tiy theo nhiét do :

(°C) p, mmHg
25 2,5
40 3,8
50 30,15
80 52,50
100 271,30

Thuc nghiém cho thfy c¢d th€ dufi hoan toan nuéc trong
mudi BaCl,2H,0 & nhigt d¢ 130°C

D& xdc dinh nudc két tinh trong BaCl, 2H,0, ngudi ta ding
phucng phdp gidn ti€p dda trén viée sy mubi & nhiét d6 trén
110°C d€ dui hét nudc va dua vao lugng cAn cia mubi trude
va sau khi sfiy dé tinh ham lugng % cta nuSc két tinh.
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. Hoa chdt, dung cu
BaCl, . 2H,0
- Lo can thuy tinh cd nép

3. Cdch xdc dinh

a) Rlia sach lo can. Dat lo cdn vA ndp vao ti sdy & nhiét
dé6 130 = 5°C. Sau 15 - 20 phat mang binh 1am khé lai canh
tu sdy. Dung mot td gidy sach g&p thanh bang nhé va day.
Cam lo can va nép cho vao binh lam khé. Day nip binh lam
khé lai va dung hai tay gid yén nip trong 5 phit. Sau dd,
mang cén than binh lam khé vao phdng can va dgi thém 25

phit nita. Sau d6 can chinh xdc 1o can va nap (khéi luong Gg). -

b) Can mot lo cAn khéc trén can ki thuit vi 14y lugng can
BaCl,.2H,0 vao lg cAn nay sao cho lugng mudi vao ¢o 1,5¢.
Trit cn thin lugng mudi nay vao lo cAn di xac dinh khéi
lugng & trén. Can chinh xic lo can va muéi.

c) Md ndp lo can va dat lo cin va ndp vao ti sdy r6i =iy
g nhiét d6 130 + 5°C trong 1 giy. Sau do, lai 18y lo can ra va
day nap lai r6i cho vao binh lam kho va dua vao phdong cén.
Sau khi d€ ngudi 30 phat, nhic lo can ra, khé md nép lo cén
réi day lai va cdn chinh xdc.

d) Lai dua lo cAn vao td sfy va sfy thém 40 phiut nda. Lam
ngudi va lai can chinh xdac nhu trén. N&u k&t qua hai l4n cén
chl chénh nhau 0,1 - 0,2mg thi coi nhu nuéc da bi dudi hét.
Né&u khéng, thi phai ti€p tuc sfy, 1am ngudi- rfi can lai dén khi
thu duce khéi lugng khong déi.

Ghi két qua phan tich theo méu sau :

Két qui can
Val ¢aAn

Lint | Lin 2 | LAn 3 | Gid trj trung binh

1. Lo cin

2. Lo cin + BaCl, . 2H,0
3. Lo can + BaCl, (1)

4. Lo can + BaCl, (2)

a2
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Tinh két qua

1. Khéi lugng lo céan : G0

2. Khéi lugng lo can + BaCl,2H,0 : G,

3. Khéi lugng lo can + BaCl2 : Gr2

4. Khéi lugng BaCl,.2H,0 : Gy - G,
5. Khdi lugng nudc : G - Gy
6. % H,0 trong BaCl, . 2H,0

G, -G,
%H,0 = m . 100%
- 2H,0 . 100
Thanh phén li thuyét : W = 14,75%

II - Dinh lugng bari trong BaCl, . 2H,0

1. Nguyén téc

Nguyén tdc cta viéc xdc dinh khéi lugng ion Ba?* la lam
két tda nd dudi dang bari sunfat. Loc két tha, rita sach, sdy
kho, nung réi can. Khi dinh lugng ¢dn chd ¥ céc didu kién sau :

a) Két tia BaSO, cd d§ tan rdt bé, ¢ 0,29mg & 25°C va
= 0,d4mg & 100°C trong 100mi dung dich. Bdi vl do tan cia
két tia trong dung dich khi dun néng khong chénh léch nhisu
so v6i do tan trong dung dich khi ngudi, vi vy ngudi ta thuding
rita két tha bing nudc ndng.

b) D6 tan tang khi néng d6 HCI trong dung dich lam k&t
tha tang. Vi du, & nhiét d6 thudng dd tan cia BaSO, trong
100m! nude la 0,4mg, trong HCl 0,1M 1a 1mg va trong HCI
1M 13 8,Tmg.

Tuy vay, sy cd mat cha lugng it HCl trong dung dich lam
ngin ngi¥a sy k&t tia cdc mubi bari it tan trong dung dich
trung tinh hoic kiém (vi du cdc mubi cacbonat, photphat). Vise
lam két tda trong mdi trudng axit ciing lam giadm cong ké&t bari
hidroxit. HC] cd mat tao didu kién d€ thu duge k&t tua chic,
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lang nhanh, dé loc. Thudng tién hanh lam két tda trong dung
dich HC] 0,05M.

c) Nguén gdc sai s6 khé ph bién khi xdc dinh khéi liong
bari duéi dang BaSO, 1a su cong két cic ion la ¢6 mat trong
dung dich. Cdc anion (Cl-, NO; , ClO; v.v..) bi cong ké&t dusi

dang muéi bari. Cdc cation kim loai kiém, canxi, Fe(III) bi
cong két duéi dang mubi sunfat, hoac hidrosunfat. Mot
s6 cation cd ban kinh gén bing ban kinh ctia ion BaZ* ¢6 thé
xam nhdp vao két tia BaSO do tao thanh dung dich rin (K*,
Sr 24+ Pb2+)

d) Kich thude tinh th& BaSO, phu thuéc néng do thu6c tha,
va tudi cia thudc thi.

2. Hoa chit, dung cu
- BaCl,.2H,0
~ HCI 0,10M
- H,80, 0,020M
- AgNO, 0,010M
- HNO, 2,0M
- Chén nung bing si
- Gidy loc khéong tan bang xanh.
- Bese 200m!
- Bese 250m!
-~ Mat kinh déng h6
- Dia thuy tinh
- Binh hinh tru chia 46, 10m!
- Cap gap chén nung
- Nuédc cdt

3. Pkmmg' phdp dinh Tiwong

Can chinh xdc mot lugag can BaCl,.2H,O0 d€ sau khi hoa
tan vao 100m! nufec thi duge dung dlch BaCl cti 0,01M (hda
tan trong bese 250ml). :
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Thém vao dung dich trén 10m! HCI 0,1M. Dat céc dung dung
dich phan tich va dung dich thuée thd (et 100mi H,80, 0,02M)
trén bép dién. {(Luong H,S0, phai tinh trudc d€ bac dam lam
k&t tia hoan toan Ba?* va con du 20%). Dun nong dung dich
dén gén sdi (= 90°C). Dung diia thuy tinh rét nhanh mé6t phan
lon H,S0, vao coc BaCl, va khudy nhanh trong 2 - 3 phut.
Sau dd, nging khudy va cho két tia ldng xuéng. Thém tiép
cho hét phan H,850, con lai. Néu két tda chua xuit hién hoac
chua téch ra hoan toan thi phai dit cfc trén ndi dun cdach thiy
vd dun trong 5 phiit.

Sau dd, kiém tra sy két tla hoan toan (thém vai giot H,80,
vio phdn nuée trong trén két tda vd quan sit xem cd duc
khong). Day céc bing mat kinh déng hé (khéng duge nhéc dia
thiy tinh ra khoi cdc) va d€ yén trén ndi dun cach thiy chitng
1 - 2 gid. Ubc lugng lugng két tda xudt hién d& chon gidy loc
khong tan c6 dung kinh thich hap. Gdp gify loc, cho vao phéu
loc. Méi ddu gan phdn nudc trong ¢ trén két tia cho chay qua
gidy loc. Sau dd diung nudc ndng d€ rita két tia trong cée réi
lai dé ldng va gan ph&n nuéc trong l18n gify loc. Sau vai ldn
rda thi chuyén toan bd két tua lén gidy loc va ti€p tuc rita két
tia trén gidy loc bang nudc ndng dén khi khéng thiy vét jon
CI” trong nudc rua (thtt bing dung dich AgNO, da duge axit
hda bang HNQ,). Téng lugng nude ria vao khoang 200mi. Nung
trudc chén nung,-lam ngudi, can chinh xac dé€ 1§y khéi lugng

‘chén khéng. Cho gidy loc va két tha vao chén. Lam kho trong

ti sfy va sau d6 nung cdn thAn trong 1o dién & nhiét do
900 - 950°C (méi ddu dat chén & cia 10 nung, sau khi gidy
héa tro thi dua chén vao trong 1d). Sau khi nung lam nguéi
chén trong binh lam khé rdi can.

Sau dd lai nung tiép 15 - 20 phut nita réi lai can cho tdi
khi kh&i lugng cac ldn can khong chénh léch nhau qui 0,2mg

Tinh ham luong % bari trong méu BaCl, . 2H,0.
Mau ghi k&t qua phan tich
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K&t qua can
Va1 can
Lan 1 | 14n 2 | T.4n 3 | Gia i trung binh
Can BaCl, . 2H,0
1. L¢ can
2. Lo can + BaCl, . 2H,0
Can chén nung
Chén khong sau khi nung
ldn 1
l4n 2
Chén + BaSO,
Cheén + BaSQ, sau khi nung
ldn 1
14n 2
Khéi lugng lo can : G,
Khéi lugng lo can + BaCl,2H,0 : G,
Kh6i lugng BaCl,2H,0 : G, - G,
Khéi lugng chén nung ; GF3
Khéi lugng chén nung + BaSO, : G,
Khéi luong BaSO, : G, - G,
% Ba trong BaCl,.2H,0 :
G, — Gy Ba 100%
G, - G, " BaSO, '
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IIi - Dinh lugng sit trong phén sit (I} amoni

1. Nguyén tdc

Lam k&t tta sit hidroxit td dung dich chda ion Fe(IIl) khi
dun ndng bang amoniac du. Loc két tha, rita, nung d€ chuyén
thanh Fe (III) oxit rdi can.

a) Tinh chét ctia Fe(Ill) hidroxit

- Né&u thém nhanh amoniac vao dung dich Fe (III) khi ngusi
thi tao thanh ké&t tha sat (III) hidroxit vé6 dinh hinh cd thanh
phdn bat dinh. Khi lam muéi thi ké& tda chuyén mo6t phén
thanh trang théi tinh thé goetit «-FeOOH va hematit a—Fe,0,.
Trong mdt s6 didu kién lam mudi dac biét thi cd céde tinh thé
B-FeOOH va y-FeQOH tao thanh, Khi lam két tua tit dung
dich ndng thi cé a-Fe,0, tao thanh. Két tha sat (III) hidroxit
cd do tan rit bé. Tich s6 tan cta sét (III) hidroxit v6 dinh hinh
méi ché & nhiét d6 thudng 12 10737, Khi d& musi thl 44 tan
giam do kich thudc hat ting. Tich s6 tan cda a-Fe,0, 1a 107925,
Ngay ca trong dung dich axit y&Su dd tan cda sit (III) hidroxit
cing khong 16n. Ching han, &6 pH = 4 d¢ tan khéng 16n hon
0,02mg/l Fe. Do dd, khi zdc dinh khéi lugng sdt thi sy mét
mdt sit do vigéc lam két tia khong hoan toan'hoic do hoa tan
khi ria két tua la khong dang ké.

- Ké&t tta siat (III) hidroxit ¢d bé mat lén, va 1a loai két tha
keo dong tu di€n hinh. K&t tia git lai mot lugng 16n nudc hdp
phu. D& lam déng tu két tia keo cdn lam két tha & nhiét do
sdi va gilt dung dich & nhiét dé 100°C modt thdi gian, sau khi
lam két tda.

Khi lam k&t tda trong méi trudng axit y&u thi kst tia cd
khuynh hudng h&p phu anion :

OH™ OH~™
Fe’* OH- + H' + A -F* OH™ A
o) OH,
(bé mit) {axit trong (bé min
két tha dung djch) két tua
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Bd hdp phu ting khi dién tich anion tang va khi néng do
jon H' tang. Trong moi trudng kiém thi k&t tia hap phu cation

OH™ OH~"

Fe** OH™ + OH™ M* - Fe*t OH™ M*
OH™ OH™
: OH™
(bé man) {bazo trong (bé mat)
két taa dung djch) kétl toa

Vi vay, khi lam két tha trong amoniac du thi xdy ra sy cong
két cation. D¢ hdp phu ting khi dién tich cdc cation tang, va
d6 tan cda cdc hidroxit gidm. Lugng du ion NH; lam giam sy
cong két cdc cation. Khi ¢6 mat cdc cation hda tri hai (Ca?*,
Cu?*, Mg?, Zn?* v.v..) thi cdn st dung hop li lugng du it
amoniac v3 lugng l6n mudi amoni d€ thay thé& cdc ion hda tri
hai cong k&t bAng cdc ion amoni.

- D€ loc két taa keo sat (IIT) hidroxit nén dung gidy loc, va
loc bang phuong phap gan. Nén ria bing nudc néng hodc dung
dich NH,Cl 1%. Khéng nén rita ngit quang, vi két tlia ¢6 thé
bi khé réi co lai vA mit ra thanh khe va khi rita lai thi nude
rita sé chay theo khe va két tda khéng duge rita sach nila.

b) Tinh chét cia sét (III) oxit

Khi nung & nhiét d¢ cao (800° - 1000°C) thi sit (III) hidroxit
s& chuy@n thanh sit (III} oxit :

Fe,O; . xH,0 — Fe,0, + xH,0
Viéc nung két tida phai duge thuc hién & diéu kién cé du
oxi, néu khéng , thi cd thé xdy ra su kht sit (III) oxit thanh

sit td oxit hodc sdt kim loai, bdi cacbon tao thanh & giai doan
hda tro gidy loc, hodc bdi khi khi khi nung bang den khi.

O nhiét dé qua cao sit (III) oxit cing bi chuyén mét phén
thanh sit tit oxit : '

6Fe,0; = 4Fe,0, + 0,
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Vi du, khi nung mot mau sat (II1) oxit nguyén chit & 1100°C
dén khéi luong khéng d&i thi khéi luong mau hut di 0,004%
tugng dng voi su tao thanh 0,12% sét tu oxit.

Céc sdn phdm khit cta sit (II) oxit khi nung tigp tuc &
khéng khi s& chuyén cham trd lai sat (III) oxit.

2.

3.

Hia chdt, dung. cu

Phen siAt - amoni (NH4)2Fe(SO4}2
HC11:1 '
HNO, dac

NH, 1 :1

AgNO, 0,01M

K,Fe(CN), 0,01 - 0,02%

Céc (bese) 400 mi

Bese 200' m! (3 - 4 c&i)

Dia thuy tinh

Pipet chia d¢ 5m!

Phéu loc .

Chén nung (si)

Gidy loc bang trdng hoic dd khong tan
Nude cat

Phuong phdp dinh luong

Phuong phap xdc dinh khéi luong sit it duge dung trong
thue t€ vi nhidu nguyén t6 cd thé k&t tda duge bdi amoniac.
Phuong phap chi ¢d § nghia khi phan tich hé théng cdc
silicat. Bai thuc hanh nay ¢6 muyc dich minh hoa viéc k&t tia
bing amoniac va cdch x& H mét két tla & trang thai keo, vé
dinh hinh.

Can chinh xdc khoang 1g phén sit amoni FeS0,.(NH,),80,.6H,0
(hoac mot lugng mau dt chwa 0,15 - 0,2¢ Fe) va cho vao cdc
thiy tinh pirex 400ml. Hoda tan bing cdch thém ddn dén
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40 - B50mi nuéc va 20mi HCl 1 : 1. Day cdc bang mit kinh
dong hé. Dun c#n than dung dich dén sbdi. Dung pipet chia d§
5ml ldy dé 1mi HNO, dac (16M) va thém tiung giot vdo dung
dich s6i : M6i ddu dung dich sat (II) sunfat s& hda tham do
tao thanh FeS8O,NO va sau dé bi phan hty chuyén thanh sat
(I11) sunfat mau vang. Tiép tuc dun s6i (46 3 - 5 phat) dén
khi dung dich ¢d mau vang hdn. Kifm tra su oxi hda hoan
toan Fe(Il) thanh Fe(Ill) bing cach ldy 1 giot nhd dung dich
cho vao éng nghiém, pha lodng vdi nudc, dua 1 giot dung dich
loang lén tdm si@ va thd v§i dung dich kali ferixianua)
0,01 - 0,02% méi ch& N&u ed mau xanh xudt hién thi ching
td Fe(Il) chua bi oxi hda hoan toan va c&n phai thém tiép tuc
HNO, vao cdc vi dun s6i cho dén khi oxi hda hoan toan.

Ria mat kinh ddng h6, cho nuéc ria vao cfe réi pha loang
dung dich trong c6c dén 200mi., Dun dén gin s6i. Rét cham
dung dich amoniac 1 : 1 t% mét c6c khiac vao dung dich Fe(IID),
déng thdi khudy déu cho t6i khi xu&t hién mui amoniac (sau
khi dun s6i dung dich dén hét khoi).

Ngiing dun va d€ yén dung dich cho két tia ling xubng.
Sau d6 gan phidn nufc trong & irén két tua qua phéu gidy loc
khoéng tan dudng kinh 9cm (bang tridng hoac bang dé). Khi gan
c8 gang gitt cho két tia ¢ lai trong c6c. Ria két tia bang cach
gan 3 — 4 ldn, mbi ldn v6i 75 - 100 m! nudec néng. Sau dd

chuyén toan bd két tia lén gidy loc. Vét cac hat két tda con -

dinh vao thanh c6c bing mét méu gify loc khong tan va cho
mé&u gify nay vao phéu. Ria két tua trén gify bing nudc ndng
cho t&i khi thi nuéc rita bing dung dich AgNO, (d& duge axit
hoa bing axit nitric) thi khéng thfy xuidt hién két tha AgCl
(hoac chi thy hoi duc).

Lam khé phéu trong ta sfy & 100°C. Ldy gify loc ra khoi
phéu va cho vao chén st da duge nung va xédc dinh khéi lugng.
Dat chén vao clia 16 nung va theo doi qud trinh hda tro gify
loc {khéng duge béc lia). _

Chuyén chén vac trong 1& va nung & nhiét do 800 - 900°C
trong 20 phit. Sau d6 lam ngudi chén va can. Lai nung tiép
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chén 10 - 15 phit va can cho téi khéi lugng cac lz?m can khéng
chénh léch nhau quia 0,2mg.

Ghi két qua c¢én theo méu & trang 86

Tinh thanh phin % cia Fe trong miu.

IV - Dinh lugng Niken trong thép

I

Nguyén tic

Lam két ta Ni** (khi ¢ Fe*") bing dung dich dimetylglioxim
trong rugu. Che Fe* bang ion tatrat

3

(Fe** + T2" == FeT* g8 = 7,49)

. Héa chdt dung cu

Mau thép (can luong méu chda 25 - 35mg niken)
HCl1:1

HNO, 1 : 1

Axit tatrie 20% -

NH, dic

Dung dich dimetylglioxim trong rugu

AgNO, 0,01M

Bese 400m! _

Binh dong 100mi, 25mi, 20ml, 10m!

Chén loc thity tinh s8 3

Phirong phdp dinh luwong

Can chinh . xdc mot lugng miu thép chita cd 25 - 35mg Ni,
cho vao bese 400 - 500m! ; Hoa tan mAu khi dun ndng véi
60m!I HC1 1 : 1

Thém cln than 10m! HNO; 1 : 1 va dun sbi dung dich cho
dén khi dudi hét nito oxit. Pha loang dung dich thanh 200m!,
dun dé&€n gén sbi, thém 25m! dung dich axit tatric 20% (hda tan
256g axit tatric trong 100m! nudc. Trude khi diing c&n phai loc
néu thdy dung dich khéng tromng).
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Trung hoa dung dich bang NH, dac cho téi khi c¢ mui NH,
trong hai bdc 1én. Thém tiép 1m! NH, nita. Néu thdy cd két
tda thi phaj loc, rita bang dung dich NH,Cl khi e it NH,. Tap
hgp tdt cd nudec rua vae nude loc.

Axit hda dung dich thu duge bang HCl va dun ndng dén
w— T0°C. Thém 20ml dung dich dimetyiglioxim trong“ rugu. (Héa
tan 1 gam dimetylglioxim trong 1 lit etanol 95%).

Kiém héa dung dich bang NH, cho dén c6 mui. Thém tiép
lm! NH, nita. D& yén két toa trong 30 phit ¢ 60°C va sau do
lam nguoi dé&n nhiét d6 phong. '

"Loc k&t tda qua mdt chén loe thay tinh (dd dugc can trude),
rita két tha véi nude lanh cho sach hét vét CI° (tht vai AgNO,).
Lam khé két tiia bing ciach sdy chén & 110° - 120°C cho téi
khdi lugng khong ddi. Tinh % niken trong thép.

CAU HOI 'VA BAl TAP

1. Neéun cic yéu oo d6i v3i phan ifing két tia dung trong phan tich khoi luong.

[

Néu cac yéu ciu d6i vai dang kél tha va dang can.

3. D& dinh long Cl7 npudi ta lam k&1 wia CI dudi dang AgCl Sau do
lam khd vi can. Giai thich 1ai sao phadi wan theo cac yéu cdu thie nghiém
sau day :

a) Them rit chdm AgNO; khi khudy manh

b} Dun s6i dung dich chita két tia va dé yen vai gid réi mdi loc.

¢) Dung nudc ria co chlia HNO,,. ' '

dy Khang duge dé két 1ha tidp xdc l4u véi anh sing mit wdi.

4. D42 dinh lugng canxi thi dang cin nao sau diy cho két qua tét hon : CaC,0y;
Ca0 ; CaS0, ; CaF, (nghia 1a d6i vdi mot ludng canxi da cho s& thu dudc
kh6i higng két tha Idn nhAt).

5. Chudn hoa dung dich H,50, theo phuong phéﬁ khdi luong bing cach lam két
tia ion S()ih dudi dang BaSO,. ’

Bi€t ring 50,00m! dung dich axit cho ta 405,6 mg BaSO, Tinh ndéng do moll
cia H,80,. ) -
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10.

Nudc bidn chita 885 ppm S (dude dang SO57). Tinh khoi lugng BaSQy, co (hé
thu dude td 1 it nude bidn

Tinh thé tich dung dich dlmctylgllmum CillgN,05 nong d6 P = 1% cdn aé

am k& taa Ni¥T dung dich Ni** chifa 50mg Ni, biét ring da dang du 5%
thude th so véi lugng cdn thiét tinh theo li lvhuyét dé két tia hoan LloAn niken.

Tinh thé tich BaCl, 0,0600M cdn dé lam két ta hét SO~ 1l dung dich thu
duge khi hoa tan 1,010 gam méu chida 20% S (& dang SO} ). Cén phai ding
du 20% thubc thd so vdi lugng tinh theo 1i thuyét.

Tu 0,5606 g quing kém 1a thu dudec 0 17506g Cd,P,0; va Zn,P,0,. Tt hén hgp
nay ta thu duge ZnSO, vi chuyén ra Zn0 thi dude 0 3983g Tink % khdi iugng
ca Zn va Cd trong quing.

Ché héa 0,75g miu thudc rd sau DDT (C4HyCls) véi HNO, bde khsi, va lam
k&l tha clo thoat ra dudi dang AgCl dugc 0,239 g AgCl.

Tink % khoi lugng DDT c6 trong thudc tnit siu.
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Chuong 5
DPAI CUONG VE PHAN TICH THE TICH

§5.1. CAC DINH NGHIA VA KHAI NIEM CO BAN

Theo nguyén tic chung, d€ phan tich mdt chdt A ngudi ta
tim cach chuyén nd vao dung dich bang mdt dung méi thich
hop (nude, axit, kiém v.v..). Sau dé lfy chinh xdc V, ml dung
dich thu dugc va thém din ting it mét thuSc thit B vac dung
dich cho d&n khi B phin dng viua hét véi A va trong dung dich
khéng con du A hosc B. Bi&t néng d6 chdt B la C, va thé

B
tich V clia nd da dung trong phan Ung, ta cd thé tinh dé dang
ndng d6 duong lugng cia chdt A :
VaCy,
Cy = | (5.1)

A VA

Dung dich A can xdc dinh néng d6 duqc'gqi 14 dung dich’

cin chudn. Dung dich B da bigt ndng d¢ chinh xdc va dugc
diing d& xdc dinh néng do cic dung dich khic dude goi la dung
dich chudén. Qui trinh thém din thudc thit B vao dung dich
cn chufn dugc goi 1a qud trinh chudn d¢. Khi lugng chit B
da cho vao di d€ phan dng vita hét vai toan bd chat A cd
trong dung dich thi ta ndi ring phép chufn d6 da dat dén diém
tuong- duong. Trong chudn d6 th€ tich ngudi ta thudng dva vio
mot tin hidu nao dd (vi du sy d6i mau, su xudt hién két tda
v.v..}) ctia mdt trong cdc chdt tham gia phan dng hodc méft chat
phu c6 trong dung dich. Ch#t thay d&i tin hiéu khi chudn d¢
duge goi la chdt chi thi. Bdi vi trong thuc t&, ching ta thudng
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ngung chudn do khi chdt chi thi thay d&i tin hiéu, vi vay
thdi di€m tai d6 chét chi thi d8i tin hisu duge goi 1a di€m ket

‘thicc chudn d¢ hoac diém ding chudn do. Trong thyc t&, diém

ditng chudn dé cé thé khong triung véi didm tuong duong va
diéu d6 gay ra sai s6 chudn d6. Sai s§ chuin do thudng do hai
yéu tf :

= do sd dung chdt chi thi khéng thich hop (sai s6 chi thi)

- do ki thust chudn d% : sit dung cac pipet, buret khéng
ding, giot dung dich & buret ra qud 16n v.v.. Trong cac phuong
phdp phén tich thé tich, phai nghién cdu cac y&u t6 cd thé€ lam
gidm saj s6 d&n myc thdp nhat.

§5.2. PHAN LOAI CAC PHUONG PHAP
PHAN TiCH THE TiCH

Céc phan dng chudn do dung trong phén tich thé tich phai
théa man céc yéu cdu sau day :

1. Téc do phadn dng phai dd¢ lén. Trong thuc t& cdac phan
Ung tao két tia, dac biét 1a trong cic dung dich lodng, khong
phai bao giy cing xfy ra nhanh. Nhiéu phan dng oxi hda -
- khit cing xdy ra khong di nhanh. Trong mét s6 trudng hop
ngudi ta thudng phai thay ddi mot s6 y&u t6 cd lgi cho viéce
tang tSc dd phin wng, vi du thém rugu d€ lam tang téc do
xuft hién k&t tda, thém chdt xde tdc hose thay dgi nhiét do
d€ lam tang tc d6 cdc phan dng oxi hda—khit v.v..

2. Phan ung chudn do phai xay ra theo ding hé s6 hgp thic
cia phuong trinh phan dng. Ciac phan dng phu xdy ra khéng
duge anh hudng dén phan dng chuin do. Trong nhidu phan tng
oxi héa - khit khi phan dng chudn d6 xdy ra thi ¢ kem . theo
phan dng phy, vi du phan #ng cam dng, lam sai léch k&t qua

phan tich. Ching han, khi chusin d§ SO2-, HSO; bang iot thi
¢6 x4y ra phin dng cam tung giita cdc ion SO%~, HSO; voi oxi
khong khi.
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3. Phai cd chit chi thi thich hdp cho phép xdc dinh tuogng
d6i chinh x4c di€m tuong duong.

Do nhing yéu cdu chat ché ndi trén ma sé phan dng diung
duge trong phan tich thé tich tuong d6i khéng nhiéu. Ngudi ta
thudng dung hai loai phan wng chinh :

a) Cac phén dng k&t hgp ion, bao gébm cdc phin tng axit-bazo,
cdc phan dng tao phite, va cdc phan dUng tao két tda-kho tan.

b) Cédc phan tdng trac dfi electron (oxi héa — khir).

Céc loai phin dUng nay cing la co sd d€ phan loai cdc phudng
phap phan tich th& tich khic nhau : phuong phép chuin dé
axit - bazo, phuong phip chuén dé tac phiec, phuong phép két
tia va phuong phdp chuin d6 oxi héa - khu.

§5.3. TINH TOAN KET QUA PHAN TiCH THE TiCH

Trong phan tich thé tich, ching ta thudng phai tinh ndng
d6 cac chat ti két qua chuin db.

Cd thé tinh theo dinh luat hgp thic hodc theo quy tic duong
lugng.

I - Tinh két qua chuédn dé irdc ti€p

Trong chudn d¢ tryc tiép ngudi ta dung pipet 18y chinh xdc

Vg m! dung dich cén chuin B, thém dung dich chuin A cd’

néng 46 C, mol/l (da duge bist chinh xac) tir buret vao dung
dich B cho dén khi phan dng xdy ra hoan toan. Ghi thé tich
V, ml trén buret va tinh néng 49 dung dich B.

1. Tinh theo dinh ludl hop thic

Nhu di ndi & trén, theo dinh luat h¢p thic khi phan dng
giita chdt A va chdt B dat t6i mdc dd hoan toan (khong cén
du cHu ti phan idng), thi toa d0 phan dng tinh d& véi mébi
chat dat téi trang thai cuc dai, va cic toa do cuc dai nay phdi
bang nhau va chung cho moi chdt phan dng. Toa d6 cuc dai
bing s6 mol ban diu chia cho hé s6 hop thic cia mébi chat.
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Chéng han, d6i v4i phan dng :

v, A + vBB - vCC +vDD (5.2)

' A
T{ing s6 mol van dfu, n° C AVA()mnd) CBVB(mnwl)
(trudc phin ding)

Toa d§ phan ing £ CAVA CBVB
cuc dai, max Va : Vg
Dinh luat hop thie :
_ CAVA _ CBVB
é-max - Va - vp
Tit (5.3) ta suy ra
cC.V, v
A"A "B
C, = . — mmoliml
B VB VA

2. Tinh theo quy tdc duong fu'ang
————( ) v DB

D6i v6i phin ng (52), gid st D= —
A

(Klmol = khéi lugng mol)

(5.3)

(5.4)

=M

g

- d6i ndéng d6 mol clia cdc chit sang néng d6¢ duong lugng

Cy(A) = n, 0, (A)
_ Cn(B) = nyCy, (B)
~ Ap dung quy tAc duong lugng
s6 md = C\(A). V, = Cy(B) V,
CN(A).VA
VB'
- Tinh néng d6 mol cha B :

Cny(B) CM(A).VA n,
= .— mmoliml
Va ip

suy ra 1 Cp(B) =

Cy(B) = —
B

(5.5)

He thic (5.5) va (5.4) 1a déng nhét néu ny=v, va n,= v,

T7 -HHPT-Phdn |l
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Vi du 5.1

D€ chuin hda dung dich NaOH ngu&i ta hoa tan 1,2600
gam axit oxalic H,C,0,2H,0 vao nudc va thém nudc dén
500,00mi. Chuén d6 25,00m! dung dich thu duge hét 12,58 mi
. NaOH. Tinh Cy_ oy (molil).

a) Tinh theo dinh ludt hop thic

Phuong trinh phan dng chufn d8

H,C,0, + 2NaOH — Na,C,0, + 2H,0
nmol gD B0 oo
22t 2
£ 1,260 25  C.12,58
max 126,00 ° 500 ~ 2.1000
Suy ra

c _2.1,260.25,00.1000
NaOH = 126,00.500,00. 12,58

= 0,07949 mol/l

b) Tinh theo quy tdc duong lugng

b _ _Kl’"011420204.2H20 _ 12600 _ . oo
H,C,0,.2H,0™ 2 - g Teetleem

Néng do duong lugng cua H,C,0,

eg _ 1,2600 1000
Dg ~ 63,00 ' 500,00 = »04000N

Néng d¢ duong lugng cta NaOH = ndng d6 mol
Cy (NaOH) = C,,(NaOH)

VNaon - On(NaOH) = Vrizczod'CN(Hzczoex)
12,58.C.0n = 25,00.0,04000
25,00.0,064000 '
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Vi du 5.2. D& xdc dinh ham lugng st ti‘ong méot méu hgp
kim chia sit ngudi ta hda tan 1,0000g trong axit, khi Fe3*
thanh Fe?*. Chuin d6 Fe?* hét 50,12 ml K,Cr,0, c6 d6 chudn
T = 0,000470 (g/ml) K,Cr,0, Tinh ham lugng % cia Fe trong
hgp kim.

D8i d¢ chusn sang ndng do mol cia K,Cr,0, :

_ T(g/m!).1000mi  0,000470.1000

- 3
CKZCrZOT = K,Cr,04 = 294,184 = 1,6976.10° M

a) Tinh theo dinh ludt hop thic
L Cr,03 + 6Fe?* +14H* = 2Cr3 +6Fe3* +7H,0
1,5976107350,12  m(g)

8] .

nomol 1000 Fe

£ - 1,5976.10°50,12 m

max - 1000 ~ 55,887x 6

55,8871,5976.1073,50,12.6

suy ra m = 1000 = 0,0268g

0,0268
%Fe = 1,000.100 = 2,68%

b) Tinh theo quy téc duong luong
Néng d6 duong lugng cia K,Cr,0, :
T(g/m1).1000ml  0,000470.1000

CN(KCr0p) = Pecoow | K016
= 23’4—4’32(1 x 6 = 0,009586 N
Dg,. =Klmol(Fe)
86 dp, = E;%l
6 dg, = 56 dgcro,
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m _ 0,009586. 50,12

Fe — 1000 ”"
0,009586. 50,12 . 55,887
—-m = 1000 = 0,0268¢
%Fe = 2,68%

II - Tinh két qua chuén d6 gidn ti€p

Trong nhiing trudng hgp khi vi mét 1 do nao d6 (chang han
do t8c d phdn d¢ng khong di nhanh, do khoéng cd chdt chi thi
thich hgp, v.v...) ngudi ta thudng tién hanh chudn d6 gian tiép :
chuéin d¢ th€ vad chufn d6 nghich.

1. Chufin d¢ thé

Ch&t cén chuén A phan ¢ng v4i mét thude thi thich hgp
14y du d€ tao ra san phdm B. Chufn d6 B bing mot ch&t chuin
C thich hop. Trong trudng hgp nay A duge th§ bing B.

Vi du 5.3. D& dinh lugng ddng ngudi ta hoa tan 1,080 gam
quang déng. Thém KI du. Sau dd chufn d¢ iot gidi phéng ra
hét 15,65 ml Na,8,0, 0,0950M. Tinh % Cu trong quéng.

Phuong trinh phén dng :
2Cu?* '+ 5I" (du) — 2Cul} + I
Cu®* da bi "thé" bing IS ‘
Chuéin d¢ I bang Na,$,0, :
28,02" + I; = 8,027 + 3I”
a) Tinh theo dinh lugt hop thitc (DIht)
2Cu?* + 5" — 2Cul} + Iy

86 mol mc—(g) 0
trudc phan dng, n° “
Toa d¢ phan ing m
cyc dai —_
He @8 Simax 63546 .2
. m
S6 mol sau phin Ung, n _“_63,546.2
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Iy + 28,017 — 8,02 + 3I

o ot m 0,0950 . 15,65
R mol $3546.2 1000
: m 0,0950.15 65
€ max 63,546 2 1000 . 2
m 0,0950. 15,65
Dlht : &5 5463 =~ 10003
0,0950.15,65.63,546.2
- m = 15602 = 0,09448g
0,09448
%Cu = _ITCW 100 = 8,75%

b) Tinh theo quy tde duong luong
Cu®* + ¢ + 1" = Cull}
3I° = Iy + 2e

Do+ = Kimol (Cu?ty — 58 do2t = glu = sﬁdls— ;
5 KlmoX(I3) -
LT T2

I; + 2 — 3I°

28,027 8,02 + 2

Klmol (1)
Dla_ = 3 {(khdng thay d8i so véi trong phan @ng (1))
Dg or= = Kimol(8,037) — Cs o~ = 0,0950 M = 0,0950N
56 dia_ = sd d820§_ — 86 doo+ = s8 dszoi_ = wisf%—?@
% _ 0,09?36(1)5,65 —m < 0,0950115:),3363,546 _ 0,094483.
%Cu = %-3-6—48 100 = 8,75 %
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2. Chudn d6 nghich
Cho dung dich thudéc thd B (ly chinh x4c va du) vao dung
dich A. Sau dé chufin dd lugng du cla B bing chit chudn C,

Vi du 5.4. Thém 25,00 mi AgNO, 0,1248M vao 20,00 mi dung
dich NaCl. Chufin d¢ AgNO, du hé’t 11,54m! NH,SCN 0,0875M.
Tinh néng dé mol/l cua NaCl

a) Tinh theo dinh luat hgp thic
Phuong trinh phan @ng chufn do :
. AgNO, + NaCl — AgCl | + NaNO©,
n®, mmol 25,00.0,1248 20,00.Cy ¢

20,00 Cyp,

& max ——— (tinh d6i v6i NaCl vi od
toa do phin déng bé nhét)

n  (25,00.0,1248)-20,00C 0

NaCl
AgNO; + NHSCN —  AgSCN}+ NH,NO,
n®, mmol (25,00.0,1248-20,00C,,, (0,0875.11,54)

25,00.0,1248-20,00C 0,0875.11,64

'Emax NaCt

Blht :  (25,00.0,1248-20,00C ) = 0,0875.11,54
_25,00.0,1248 — 0,0875. 11,64

NaCl — 20,00

b) Tinkh theo quy téc duong luong

Néng do duong lugng cac chét trong cd hai phan ﬂng déu
bidng néng 4o mol

Cagno, = 1248M = 0,1248N

suy ra C

= 0,1055M

Cnpgson = 0,0875M = 0,0875N

- 86 md

86 mdy,~ = tOng s6 md ABNO, g =

AgNO,

= t6ng s§ mdAgN03 - 86 mdy, SCN
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Viacr- CN(NaCl} =(25,00.0,1248) - (0,0875).11,54 = 20,00.C (NaCl)

25,000,1248 — 0,087611,54
suy ra Cy (NaCl) = 20,00 = 00,1056 N

c = 0,1055 M

NaCl

- ¢} Khi 4p dung quy tdc duong lugng cAn chi ¥ dén sy thay
dd1 duong lugng cla titng chit trong cdc phan dng khédc nhau.

Vi du 5.5. DE trung hda 50,00mi dung dich kali tetraoxalat
KH,(C,0,), (dung dich A} cén dang 22,50m! NaQOH 0,2000M.
Dé phan dng hét vai 25,00 m! dung dich A cAn dung 27,50m!l
KMnO,. Tinh néng d6 mol/l cia KMnO,.

a) Tinh theo dinh lugt hop thiuc

Phin ung 1

KH,{(C,0,), + 3NaOH — KNa,(C,0

n® mmol 50,00.C 0,2000.22,50
4.5

3

4,5 45
5 — C = 355 = 0,03000 M.

), + BH,0

50,00C

€ max

Dlht 50,00C =
Phén ung 2
KH,(C,0,, - K" + HC,0; + H,C,0,
0,03000 '

0,03000 0,03000

5 x| €02 — 2C0, + 2e

2 x| MnO, + 8H* + 5e — Mn?* + 4H,0

5C,07° + 2MnQ, + 16H" — 10C0,+2Mn?*+8H,0

n®mmol 0,06000.25,00 27.50C

0,060025,00 27,50C
€ max 5 2
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0,0600025,00  2790Ckmno,
Diht ; . _ 5

0,06000. 25,00. 2
Suy ra Cyyyy = 5.97.50 = 0,02182 M

b) Tinh theo quy tdc duong lugng
Tu phan dng (1) :

0,2000. 22,50
Cy (KTOX) = =5 5000 = 0.09000N
G 0,09000
- Oy = — = = 0,03000M
n 3

Tiu phan dng (2)
Cy(KTOX) = Cym = 0,03000.4 = 0,1200N

0,1200. 25,00 :
CN(KMHO4) = —715'0— = 0,10909N
C
N 0,10909
Cy(KMnQ,) = — = = 2,182.10°*M
n 5]

§5.4. CAC DUNG DICH CHUAN VA PHUONG PHAP
CHUAN HOA TRONG PHAN TiCH THE TicH

D& tién hanh chufin d6 bit budc phai ¢d cac dung dich chudn
c¢é néng d6 da biét chinh x4c.

Co thé diéu ché& cdc dung dich chufin ti¥ mét s6 chit chudn
géc la nhitng chdt nguyén chédt, thong thudng la nhiing chat
ran (lugng tap chét trong dd khéng duge vugt qua 0,01 - 0,02%),
dé tinh ché, dé baoc quan, khéng hit &m, khong bi hu héng khi
bao quan, ¢é thanh phin ng ding cong thdc, va cd khdi lugng
~ duong luong 16n. Dung dich chudn duge pha ch& tit mét lugng
can chinh xdc chdt chufn, Mot s& chit chudn gdc thudng gip
1a borax Na,B,0,.10H,0 ; axit oxalic H,C,0,.2H,0, axit benzoic
C,H;COOH ; AgNO,, K,Cr,0,, As,0; vv.
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Trong trudng hop khong cd chdt chudn goc thich hop ngudi’
ta si dung cdc chdt chuin phu ¢é do tinh khiét thdp hon hoac
khéng thé€ can chinh xdc duge. Nong do chét chudn phu dugc
thit lap theo chét chuin géc. Vi dy, ndéng d6 dung dich chufn
HCl duoc thigt lap theo borax Na,B,0,.10H,0, néng do dung -
dich chuin NaOH duge thiét lap theo axit oxalic H,C,0,.2H,0,
hoac axit benzoic C,H,COOH v.v..

Viéc thiét lap néng d6 dung dich chusn (chufn héa) ¢é vai
tro rdat quan trong vi né quyét dinh dé chinh xdc cua phuong
phap phan tich. Viéc chufn hda phai tién hanh hét sic cdn
than va phai dat duge do6 chinh xdc cao hon viée chufin do
thdng thuong (sai 86 < 0,1%). Mudn dat duge yéu cdu dé cua
phép chusn hda, phai cd cic didu kién :

1. Phai cd chét chudn g6c thich hgp.

2. Khong ldy lugng cén chidt gbc qud it. T6t hon 13 nén can
tiung lugng can riéng 1é va chu&n d6 truc tidp. Néu d8 chinh
xdc cia phép can la 0,1mg thi lugng c4n t6i thi€u phai 14y la
200mg dé€ cho sai s6 £20,1%. Trong trudng hop chét gbc cd duong
lugng bé thi thé tich dung dich chusin phu tiéu thu khi chu&n
d6 cd thé qua lén. Vi vay, ¢ day t6t hon 1a nén pha cde dung
dich chuén géc cd néng dé chinh xac va tuong d6i 16n va sau
do ldy cdc thé€ tich chinh xdc dung dich nay d6 chugn do.

3. Khi chudn d6 phai tinh todn sao cho cdc thé tich tiéu thu
khi chudn d6 la khong qua bé. Néu sai s6 khi doc trén buret d6i
vdi mbi phép chuéin d6 la 0,03m!, mubn dat dén dé chinh xac
0;,1% thi th€ tich tiéu thu khi chudn d6 phai la 30m! tré lén.

D& gidm sai s6 nén tranh thd kha ning chudn ds truc tiép
va han ch& viée chuin dé nguoe.

4. Nén ¢4 gang chudn hda bing cdc chdt chuiin géc va nén
trdnh chufin héa bing chit chufn phu vi nhu vy s& lam tang
sal sd lén gdp d6i. Ching han, d§ chusn hda dung dich HCI
khéng nén dung dung dich chudn NaOH ma nén dung chit géc
borax chiang han. Tuy nhién, dé tang d6 chinh xic nén ki€m
tra néng do cic dung dich chudn da dugc chufn hda doc lap.
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Vi dy, ki€ém tra néng d6 dung dich chufin HCI] 0,1M bang dung
dich chuéin NaOH 0,1M da dugc thiét lap mét cach doc lap.

5. Mé&i phép chudn hdéa phai tién hanh it nhat 12 3 thi nghiem
song song, va cdc k& qua chufn hda chi duge sai khdc nhau
trong gidi han 0,1 - 0,2%.

CAU HOI VA BAI TAP

1. .0é chuin héa dung dich NaOH ngudi ta ding chit chudn axit benzoic.

Can 1,2200 gam axit, hoa tan trong rugu etylic vi pha loing vdi nude thanh 1 it
Chudn 9 25,00 m! dung dich thu dugc hét 18,50m/ NaOH. Tinh nbng 4o molil
cha NaOH.

Phuong trinh phin fng chudn @0 :
CH;COOH + NaQH — CH;COONa + H,0
2. Hoa tan 2,200 gam Na,CO; vae mude r6i pha losng thanh 500,00m/. Chuin dé
~ 25,00m! dung dich thu duge h&t 24,09mi HCL Tinh ndng 46 me! cila HCL
Phuong trinh phan (ng chuidn 49 : '
Na,CO, + ZHCE —» 2NaCl + H,0 + €O,
3. Pé chudn d¢ 0,1506g H,C,0, 2H,0 phai ding 14,32 m! KMnO, ¢ d¢ chudn
T = 0,00510 g/ml, Tinh d% tinh khiét clia axit oxalic ngam nudc.
Phuong trinh phan {ing chudn d9 :
SH,C,0, + 2MnO; + 6H® — 10C0, + 2Mn** + 8H,0
4. Hoa tan 0,300g KIO, vao mude. Thém KI du va HC! réi chudn d¢ iot gidi
phéng ra hél 38,75ml! Na,$,0,,
Tinh néng d6 molfl cha Na,S,0,
Sd d6 cac phan ing xdy ra :
10, + 17 + H" = I + H,0
I, +80;° =50 +317
5. Hoa tan ag K,Cr,0, vao nudc va cho phdn ing vdi KI du khi c6 H,SO, 2N.

Chuin do iot gi2i phong ra hét 14,75m! Na,$,0, c6 dd chudn theo iot
TN‘zszog i, = 0,01278g/ml. Tinh ag K,Cr,0,
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Héa tan 0,2940g K,Cr,Q, 1rong nude va pha lodng thanh 200,00mf. Axit hoa
25,00m! dung dich nay bing H,80, ZN. Theém KI du. chudn d6 ot giai phong
ra hét 10,68 mi Na,8,0,.

Tinh nong 4§ molit va do chuin cua dung dich Na,8,0,.

Them 50,00mi AgNO; 0,02410M vzo 100,0n! dung dich t'eCly vd HNO, 1M,
Chuén ¢¢ hén hop thu duge hét 20,15m/ NH,SCN 0,01751M. Tinh chinh xac
ndng do dung dich FeCl,. '

Phan tich tinh chit cic phép chudn 4o (trdc ti€p, thé, nghich) cia cic phép
chudn & da cho trong cac bai tip & trén.
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| Chr.tang 6
PHUONG PHAP CHUAN DO AXIT - BAZO

Mot trong cic phuong phip phan tich thé tich quan trong
la phuong phip chudn d6 axit - bazo, dua trén sy tuong tic
gitta cdc axit va bazo va duge ding dé dinh lugng ching.

Nhu da ndi trong phin mé dfu, modét vén dé quan trong
trong phan tich thé€ tich 1a phai chon duge chit chi thi thich
hop sao cho di€m két thuc chufn dé cang gin véi di€m tuong
dudng cang t6t. Muén chon dugc chét chi thi thich hop cédn
nghién cdu dic tinh cda cac chdt chi thi diung trong chugn do

va phai ndm dugc quy luAt bién di nbng d6 clia cdc chit tac

dung trong qud trinh chuéin do.

+

§6.1. CAC CHAT CHI THI ' .
TRONG CHUAN B0 AXIT - BAZO

I - Ban chiit cha cdc chit chi thi axit - bazo

Cac chidt chi thi dung trong chufn d$ axit — bazo phai théa
mén yéu cfu cd ban la sy d8i mau cda chét chi thi phai thuan
nghich véi sy bién d8i pH trong dung dich trong qua trinh
chuin d4. Mudn vay, ban than ch4t chi thi phai la mot axit
hoac baza yé’u' vd mau clia hai dang axit va bazo lién hgp cta
chét chi thi phai khdc nhau. H4u hét cac ch4t chi thi la nhitng
axit hoac bazo hifu cd yéu. N6i chung, cdu tric cua cac chit
chi thi déu rit phic tap va su chuyén t dang axit sang dang
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bazo déu cd kém theo su chuyén vi néi phan lam thay d6i mau
sic cha chét chi thi. Tuy theo cfu tric ma cdc chdt chi thi 6
th€é cd dién tich khac nhau, vi du dang axit ¢6 thé la phan tu
trung hoa dién HIn®, la cation HIn*, anion HIn", hoidc ion ludng
cuc, HIn® v.v..

Co thé€ phan chia cédc chat chi thi thuong dung thanh 3 loai :

1. Céc chdt chi thi thudc logi phtalein, vi du : phenolphtalein,
thimolphtalein, naphtolphtalein v.v..

Co ch& d8i mau cha phenolphtalein, mét dai bleu dién hinh
clia 1031 nay nhu sau :

00" 200
b g

Lacton, khong mdu Khong miu

i
WY 0L
o= O™

Quincnghenolat 33 tim Khiing méu

Phenolphtalein la axit 2 ndc, trong méi trudng axit hoac
trung tinh tén tai & dang lacton khong mau, khi phan li
proton, mdi ddu chuyén thanh anion cacboxylat khong mau va
sau d6 chuy€n vi néi phan thanh quinonphenolat cé mau do
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tim. Trong dung dich kiém manh thi lai chuyén- sang dang
cacbinol khéng mau :

O ~
AN
.
C
S oH
’/i coC
AN

2. Cac sunfonphtalein, vi du phenol dd, bromphencl xanh,

crezol d6. Co ché d8i mau cia phenol dé, dai bi€u di€n hinh
clla nhém nay nhu sau :

THO OH o M
m ~ C _OH m N ]
& - ?

=
— C
50, SO7;
oK, =1.5 7 |/ s
N L
phenol d& dang da cam phenol d3 dang vang
{ Axit manh) { Axit )
o o
_ X
OH
[ N
H -
PK,=7.9 507
- i
phenol d6 dang do
(Kiém)

3 Céc hop chét azo, vi du metyl da cam, tropeolin co, metyl
dé, do trung tinh, congo d6, metyl vang.

Da s6 cac chit chl thi thuse loai azo déu cé mau vang hoic
da cam trong cdc dung dich trung tinh va kiém, cd mau dé
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Bing 6.1
Mgt 56 chit chi thi axit - bazo thong dung
. . Dung| [oai dién Mau 1 Mau Kh;ﬁng
Tén thi trudng Tén khoa hoc L PO dang | dang :
moi tich . chuyén
axit baza ,
. mau
o crezol 46 o—crezol sunfonphialein | mide Ai Bf : do vang | 0.2-0,8
Thimolxanh | Thimol sunfonphtalein nide [A™ BT do | vang | 1,2-2,8
Tropeolin00  [natri diphenylamino nudc [AT BT dé | vang | 1,3-32
P~ benzensunfonat .
2-4,dinitro- | 2-4, dinitrophencl nuéc [A™ B khdng | vang | 2,4-4,0
phenal g man
Metyt viing dimetyl aminoazobenzen | rugu {A” B® d6 | vang | 2,9-40
W%
Metyldacam |natri dimetyl aminoazo- | nude |AT B~ d6 | vang | 3,1-4,4
- benzensunfonat
Bromphenol  tetrabromsunfonphialein | nudc |AT B*= vang | nau | 3,0-4,6
xanh tim
Bromcrezot luc jietrabrom—meta- crezol nude |[ATTBET vang | xanh | 3,8-5,4
sunfonphtalein
Metyl 9o axit p- dimetyl amino- mide [A° B~ dd | vang | 44-6,2
- azobenzen- o- cachoxylic e
Clorophenol da | diclorosunfonphtalein nudc AL B | vang | d6 | 48-64
Bromecrezol nfu |dibrom- o— crezolsunfor— | nude |[AT BT vang | nau | 5,2-6,8
- phtaiein
Bromthimol  |dibromthimolsunfon- nude |AT"BET | vang | xanh | 62-76
xanh -phtalein
p-nitrophenol | p-nitrophenol nuéc [A°B~ khong | vang | 5,0-7,0
mAay
Quy azolitmin nude JABET | dS | xaoh | 5,0-80
Phenol 43 phenol sunfonphtalein nude AT B*T | vang | @0 | 64-8,0
Détrung tinh  [dimetyl diamino- ruou [A™ B g6 | ving | 6,8-8,0
— phenazynciorua. 70% . e da cam
Crezof dd o-crezolsunfonphtalein | rucu |[A™ B~ | vang | d6 | 7.2-88
20%
- naphtol- a—naphtolphialein nigu (A B * héng | lyc | 7,8-87
- phialein so% ) . _
Thirmol xanh Thimolsunfonphtalcin nude A~ B~ | vang | xanh | 8,0-90
Phenolphtatein |phenotphtalein nigu |A“B™ khong| do | 8,0-98
0% mau '
‘Thimelphtalein |thimolphtalein ou |A B khéng | xanh | 9,4-10.6
90% miu '
Alizarinvang  |axit nitroanilinaze salisilic | nudc A B vang | tim [10,1-120
TropeolinC  |natri azorezorxinsunfonat | nudc |A~ B ‘vang | nau |11,0~130
da cam
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'trong cdc dung dich axit. Co ché& d6i mau cia metyl da cam,
mét chat chi thi théng dung, nhu sau :

+ « _
(CHaly NH—_S>—N=N-—7_H—50; ==

H
i=" NN ¥
(CHa), N —x-.;): N—N - _:>_ ST

dé heng
{fon hdng cuc)

OH’
|-'|T (CHa), N—(} j\(';gN—@—SO:s

{rniond

Trong bang 6.1. ¢d ghi mdt sé chdt chi thi théng dung kem
theo khodng chuyén mau, loai dién tich cla cdc dang axit (A)
va bazo (B)

H - Khoang pH chuyén mau ciia cfic chét chi thi
axit - bazo

Khoang pH tai dé chét chi thi d8i mau duge goi 14 khoang
pH chuyén mau ctia chit chi thi. N&u ki hiéu dang axit cda
chdt chi thi la Hln va dang bazo la In thi cd thé biu dién
can biéng gitta hai dang bang so dé

Hin = H* + In* K (6.1)

a

vOi hang s6 cén bang diéu kién

. (HH[In]
¢ = HIn] 6.2)
T (6.2) ta suy ra hoat dd cta ion hidro
, [HInl
+ = =
H") = K, (6.3)

» D& téng quat cming t6i khong ghi dign tich cdc dang cia ch& chi thi.
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L&y logarit cac s6 hang & 2 v& cta bidu thic (6.3) va sau
khi d8i diu ta c6 : '

: [In)
pH = pKa + lg[—I—:{—I’;ﬂ (6.4}
gia tri pK, 1a chi s6 hang s§ phan li digu kién, phu thudc lye

ion va méi trudng ion cia dung dich, ¢d gid tri bang :

: O :
pK, = pK, + Ig 7 (6.5)
' Hin -
f 12 hé s6 hoat d6, pK, = - IgK,_, K, 1a hdng s6 phan li nhiét

déng. Mau cha ch&t chi thi phu thuéc ti s6 néng d6 cua hai
dang ¢ mau In vi HIn, ma theo (6.4) ti s§ nay bi&n ddi theo
pH.

Théng thutong mat ta cd thé thdy su tén tai cta cid 2 dang-
¢ mau néu ndng 46 cia mot dang khong 1dn hon qua 10 14n
néng d6 dang tht hai. Chidng han, néu In ¢ mau vang, HIn
cd mau d6, thi mét ta chi thdy mau dé khi [HIn]l > 10 [In],
hosic chi thy mau vang khi [In] > 10 (HIn].

Trong khu vuc —11—0 < [I[;?I{]
trung gian clia ¢4 hai dang, nhu vay khoang pH chuy&n mau
sé la

< 10 thi mét cd thé thdy mau

1 ,
lg 10 < pH < pK' + 1gl0
hay pK; -1 < pH < pK’ +1

pK,; +

Vi du, d8i v8i metyl vang khoang pH chuyén mau tit 2,9 - 4,0
nghia 14 & pH > 4,0 thi m4t ta chi thdy mau vang cia dang
bazo In, vda 6 pH < 2,9 thi thdy mau dd cia dang axit HIn va
di nhién s& th&y mau trung gian cua hai dang (da cam) trong
khodng 2,9 <« pH < 4,0.

Ch# y : khoang chuyén mau tinh duge & trén ( pK.’ £ 1)

'mang tinh chdt quy uéc
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D6i v6i nhiéu chdt chi thi sy ddi mau da xay ra khi ti le
néng d6 cdc dang cd mau chua dat t6i 10, vi vay khoang pH
chuy€n mau bé hon 2 don vi. Vi du, khoang chuyén mau cia
metyl da cam 1a 3,1 - 4,4 v.v..

III - Chi s6 chusn do pT cta chét chi thj

Trong khoang pH chuyén mau cd mét gia tri pH tai dé mau
thay d8i r6 nhit. Gid tri nay goi 1a chi s6 chuin do (pT) cua
chdt chi thi, vi phép chufn d6 thudng két thic tai gia tri pH
nay. Chi s6 chufin do phu thudc vao chit chi thi va cing phu
thudc vao thd ty chuin d¢. Chang han khi chudn d¢ axit bing
kiém dung phenoclphtalein lam chi thi thi mau chuyén tit khéng
mau pH < 8 dén mau dd pH = 10. Nhung thuc t& thi khi
chuén d¢ d&n pH = 9 ta da th&y xudt hién mau héng r6 va
cé th€ nging chudn d6 duge. Vi v4y trong trudng hop nay
pT = 9. Ngugce lai khi chudn d6 bazo bang axit thi mau chuyén
tt dé6 (pH > 10) sang mdt mau (pH = 8) ma khéng thé nging
tai pH = 9 vi tit 46 sang héng thi rdt kho phan biét, vi vay
§ day pT = 8. Khi dung metyl da cam lam chi thi trong phép
chudn d¢ axit bang kiém thi mau phai chuyén td¥ dé sang vang
(pT = 4,4), cdn trong trudng hop chudn d6 nguge lai thi mau
chuyén tit vang sang héng da cam (pT = 4,0) 13 da r6.°

Chi 86 chufn d¢, cing nhu khodng chuyén mau phu thude

nhiéu yé&u t6 khdc nhau nhu nhiét do, dung méi, luc ion va-

moi trudng ion ctta dung dich. Ching han, trong méi trudng
jion NaCl, ¢ luc ion I = 3 thi chi s6 chufin d6 cia metyl da
cam khi chufin dé bazo bang axit 1a pT = 3,55, khong phai
bang 4,00.

§6.2. CHUAN PO CAC AXIT VA BAZO MANH
D€ c¢6 thé chon chat chi thi thich hgp cho ting trudng hop
chudn dé cln phai ndm dude quy luat bign d8i pH cia dung

dich theo lugng chidt chufn tiéu thy khi chufin dé. Dudng phu
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thuge gilta hai dai lugng nay dugc goi 14 dudng chudén dé, 6 thé
duge x&y dung theo toa d6 pH - V hosc pH - P, trong d6 V
la thé tich dung dich chuin thém vao mot thé tich xdc dinh
dung dich ciin chudn, P 13 ti s6 s duong lugng (ho#c s6 mol)
cia chdt chudn véi dai lugng tuong dng cia chdt cdn chudn.

Viéc tinh todn va xay dung dudng chufn dd cho phép lua
chon hgp U chédt chi thi vA danh gia duge sai s6 chudn do.

I - Chufin d§ bazo manh bing axit manh

1. Duwirng chudn dé
Xét phép chusn d6 V mi baz¢ manh XOH néng 46 C Jnofll

" bing dung dich axit manh HY C molfl*. Thé€ tich axit HY da

dung khi chufin d8 13 Vmi,
Phuong trinh phan dng chu&n dd :
XOH + HY = XY + H,0
Tai di€m tuong duong [H'] = [OH1, pH = 7,00.
Tai bat ki thdi di€m ndo cia qui trinh chufn d6 ta déu cd

thé ap dung phuong trinh dinh luat bdo toan proton (6 day
tring v6i phvong trinh bdo toan dién tich) cho hé chudn do :

[H'] - [OH] + [X*] - [Y] =0 (6.6)

cv
Cuy V+Vv

D

it

& day,  [H'Y = h; [OH] = K /h, [Y] =
cv

L+ v]

[X*] =Cyoy = vV

Thay th& vao (6.6), ta cd phuong trinh téng quit cia dudng
chudn d4 bazd manh bing axit manh :
K. CoVo cv

A= — + - = 0
A V'-l-V0 V+Vo

+ Dé tdng quit chuing 16i quy udc X* chi cation kim loai kidm (Na*, K* ..), Y
chi anion axit manh (Cl™, Br , NO; vv..)
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. Sau khi t8 hogp cdn thiét ta rat ra :

Kw
C. o+ (h — =)
v o h
v = (6.7)
€=t -5
- 7 C r
Nhan (6.7) v6i ti s8 ¢ ta it ra tl 8 mol cing la tl s6 s6
Q

duong lugng P (bdi vi néng d6 mol cla chdt phan dng bang
néng dé¢ duong lugng)

P s8 mol axit HY _ 86 duong lugng HY v
~ tong s6 mol bazo XOH ~ t6ng s6 duong lugng XOH ~ CV
KW
Cle, + (h - 3)!
P = . K, (6.8)
ColC = (B = 57)1
Bidng 6.2
K&t qué tinh dwéng chudn d§ dung dich bazo manh
XOH biing axit manh HY € = C, = 0,1000 M
pH h - % P =P -10%
13,00 -1,0.10" 0 -100
12,00 -1,0.10° 0,818 - 18,2
11,00 -1,0.107 0,98 -20
10,00 -1,0.10" 0,998 -0,2
9,00 -1,0.10% 0,9998 T -0,02
7,00 0 1,00 0,00
5,00 1,0.10° 1,0002 +0,02
4,00 1,0.10" 1,002 +0,2
3,00 1,0.103 1,020 +2,0
2,00 1,0.102 1,22 +22,0
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8,0

Trén bang 6.2. c¢d cho két qua tinh dudng chudn dé XOH
0,100M bang HY 0,100M. K&t qua tinh duge diung d€ x4y dung

dudng chudn dé & hinh 6.1.

pH
ut
B
12 - B
11
10
9
8
7
6
5
4 .
3 0\
2 .
1 -
0l .

1

Hink 6.1. Dudng chuin d& dung dich XOH 0,160 M bing dung dich HY 0,100 M.

Phuong trinh (6.8) 1a phuong trinh dudng chufn do dung
dich bazo manh bing dung dich axit manh. Ap dung phuong

trinh nhu sau :
~ Cho C, C_, pH ¢ th& tinh dé& dang P -

Vidy € = C_ =

[H'] = A =

1,00.10°1° . {OH"]

b 01000 - 1,00.1074
0,1000 + 1,00.107¢

= 0,998

It

¢ pH = 4,00, [H'] = 4 = 1,00.10°4

0,1000 M ; pH = 10,00 :

K

w

_— = 4
= = 1,00.10°

99,8 %
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1000 + 1,00.1074
p-2 0 _ 1,0020 = 100,2%.
0,1000 — 1,00.107¢

- Néu cho C, C, V, V thi ¢6 thé tinh P sau dé tinh [H']
ré6i pH. '

Vidy, C = C, = 0,1000 M ; V_ = 2500mi ; V = 20,00 m!

20,00.0,1000
P = 25,00.0,1000 = 8%

K
V < 25,00 nén dung dich c6 maéi trudng bazg, ¢d thé coi h «

R
K
- 0,100 — T“’
P=0800=——"
KW
0,100 + -~
K K
suy ra%: 0,0111 va h = d

Trld_—z = 9,9.10_13 pH = 12,05

. 24,95
vdi V =2495m! P = 2—5’% = 0,998
K
0,100 — ~h—“’_ K
0,998 = ————— suy ra — = 1,001.10°%
K, 3
0,100 + —*
h = 99910711 pH = 10,00
Kw
Phép tinh gin ding duge chdp nhan vi b « —
- Tai di€m tuong duong toa d¢ cuc dai Roax = CVig = C,V,
CVig
nén P, = oA = 1, do d6 tit (6.8) ta thiy ngay la
[H"] = [OH"] = 1,00.1077, pH = 7,00.
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Trong bang 6.2 ¢d cho k&t qua tinh dudng chudn d6 dung
dich XOH C = 0,1000 M bing HY C = 0,1000 M. Trén hinh 6.1 cd
cho ké&t qua vé duding chuén do theo céc s6 liéu da cho trong bang.
O cot cudi cia bang cd ghi gia tri sai s6 ¢ = P - 1 tinh theo %.

T k&t qua tinh vaA xay dung dudng chudn d¢ cé thé rit ra
modt s§ nhan xét : :

a) Trudc di€m tuong duong va sau diém tuong duong dudng
chudn do6 phan 4nh sy bién d8i rdt cham pH theo P (AB ; CD).
Nhung & siat diém tuong duong thi sy bién thién pH theo P
xay ra rdt do6t ngdét. Ching han, khi da cho 99,8% axit (cdn
thiéu = 0,2%) thi pH = 10. Nhung n&u thém qua du axit 1én
0,2% nita (P = 1,002) thi pH da xufng dén 4 ! Nghia 1a pH

. bién thién 6 don vi trong khi lugng dung dich chufn chi bién

thién trong gidi han * 0,2%. (Néu so v6i lic méi chudn do dé
lam ting 1 don vi pH phai thém dén 81% HY). Trén dudng
chufn 46, khu vue bién d6i nhay vot pH nay gin nhu la 1
doan thing ding (BC). Su bién thién dot ngdt pH tuong dng
vfi su bién thién mét lugng khéng ding k€ chit chufn (trong
pham vi sai s cho phép) & gidn dim tuong duong taoc thanh
bude nhdy chudn do.

b) Su xu#ft hién budc nhay chuén dé cho phép md rong pham
vi chon chit chi thi va ¢d kh3 nang chufn dd chinh x4c.

Thuc t€, muén chu&n do chinh xdc phai chon chét chi thi
théa man duge hai yéu cdu :

~ C6 chi s6 chuén do trung hoac rit gin v6i pH tai di€m
tuong duong cia phép chuén d6 (pT = pH, ).

- Phai d6i mau dot ngodt tai di€m ké&t thic chuin d6. Cac
didu kién nay khéng phai lic nao ciing thyc hién duge, va mdi
nhin qua ta cing thiy s6 lugng chit chi thi dung cho mot
phép chudn do6 cu thé la khong nhidu. Tuy vay, do su xuét
hién buéc nhay chuidn do ma ta khéng nhdt thiét phai chon
chat chi thi e6 pT = pH,, ma cd thé chon b4t ki chdt chi thi
nao c6 chi 86 chudn dé ném trong budc nhdy chudn dé tuong
Wng vdi sai s6 cho phép (g = %= 0,1 - 0,2%). Chéng han, trong
vi du trén ta cd th€ chon metyl da cam (pT = 4,0) ; metyl dé
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(PT = 5,0) ; phenol d6 (pT = 6,0, mau tit do sang vang)
phenolphtalein (pT = 8,0, mau tit d6 sang m4t mau) v.v.. ma
sai s6 chuiin d6 khong vugt qua + 0,2%.

Diéu quan trong 12 khi budc nhay chufn do cang lén thi
phép chudn d6 cang chinh x4c bdi vi mau cta chét chi thi thay
ddi dot ngodt va ta cd thé ngitng chudn do ding thoi diém mong
muén. Chang han, trong vi du trén, néu ding metyl d6é lam chi
thi khi da chuin do dugc 99,98% XOH thi mau cia chat chi
thi van la mau vang (pH = 9), nhung néu chi cin thém tigp
0,04% lugng HY nita (ing v6i 0,04m! HY, tdc la co 1 giot HY,
néu chudn d¢ 100 mi XOH) thi lap tdéc mau chat chi thi chuyén
sang héng da.cam (pT = 5) va ta cd th& két thuc phép chuén
d6 voi sai s6 + 0,02%.

Ngugc lai, néu bude nhay chusn d9 rat hep thi khé ma chusin
d¢ chinh xic duge, ngay ci khi c6 kha ning chon duge chat
chi thi c¢6 chi s6 chudn d6 pT rat gin pH,, bdi vi & day mau
chat chi thi bign déi r&t cham, lam cho ta khéng bigt k&t thic
chufn d¢ tai thdi didm nao la viia va sai s8 thé tich dung dich
chufin sé& l6n.

¢} BuGe nhay chudn d6 phu thujc néng do cia cdc axit va
kiém dung trong chufn d6. Néu néng d6 axit va kiém cang 16n
thi budc nhdy chufn d¢ cang 16n va ngugc lai néu nfng d6 cac
axit va bazo cang bé thi buéc nhay chufin d6 cang hep va phép
chuéin d6 cang kém chinh xdc.

2. Sai 50 chudn dé

Sai s6 chudn d0 1a ti 86 % giita lugng ch&t chufin da cho du

hodc cho con thi€u so véi lugng cdn thiét d€ chudn 4o dén
di€ém tuong dudng. Trong trusng hop d4u sai s6 cd ddu duong
va trong trudng hgp sau sai s6 4m.

Nhu vay, trong trudng hop chufn d¢ bazo manh XOH bing
axit manh HY ta c6 : o

sai s6 chuin d9 ,

_ 86 mol HY cho du _ (Chvay
9= i8ng 56 mol HY tai diém tuong duong = (Cjyy),4
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s6 mol HY cdn thigu

g= -
4 day C’ 1a ki hiéu chi néng d6 du.
Bai vi Cyvhy = (Cxondy

va (Cravmics = Cxordeon dau

nén ct thé viét :

_ CHY CXOH
T=T

XOH c"XOH

56 mol HY tai di€m tuong duong

- (C;-i‘l')lhiéu
(CHY)[d

(6.9)

v6i chdp nhan C’ ]a néng d6 du, C la néng dé chdt tai diém

ditng chufn d&

Trong trudng hop cho du HY(C’), thanh phdn tai di€m dimng
chuén d6 : H,O0 + HY(C’). Theo diéu kién proton (DKP) vii

mic khéng H,O, HY ta ¢6 :
[H*] = [0OH] + Chy
suy ra C;{Y = [H*] - [OH"]

_ C()Vo _ Qv
XOH Zv+v " V+v

C

(di€m ding gin diém tuong duong)
T (6.11) ta rit ra

Vo ¢ X v, C
— o — ay =
v=e, ViV, ST+,
cc
va C °

XoH = T C,
T8 hop (6.9), (6.10) ta cd :

(6.10)

(6.11)

(6.12)

(6.13)

121



va td hop (6.13) vai (6.12) :
K C+C
w 8]
9= ("~ %) ©14)

Trong trudng hgp cho con thidgu HY, thanh phén tai digm
tuong ducng :

H,0, XOH (C")
Phuong trinh DKP :
[H'] = [OH"] ~ Cyqy
Suy ra Cy,, = —([H'1 - [OH)) (6.15)

T8 hop (8.9) véi (6.15) va (6.12) ta cing vin dugc biéu thic
(6.14). '

Béi vi Cyy = Cyy — Cxon

C v -CV
HY [ 2+}
nén q = = =P -1 (6.16)
CXOH Covn '
Ciang vay C;COII = Cyoy — Cyy do dd
q = _CX()H__C()VO_CV__P‘_:l
CXOH Ct}Vo

Coé thé tinh d& dang g néu bist P. Do dd bi€u thitc (6.14)
cing thu dugec khi t8 hgp (6.8) vdi (6.16) v6i chép nhan

(» - ?) «C C,

Chu ¥ rang, bi€u thitc (6.16) cing duge thist lap ti suy luan
theo quy téc duong lugng : Coi P 1a ti 56 s6 duong lugng cia
hai chat phan ting. Moi sai léch v6i dai lugng nay déu gay sai
88, vi vy ta ludn ludn co

g=P-Py,=P-1 (6.17)
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0 day, néng d6 duong lugng bing ndng dé mol, nén P la ti

86 mol P = —=—- cing la ti 86 s6 duong luong.
CUVO
Ta xét mot s& vi du

Vi du 6.1. Danh gia sai s6 khi chugn dé dung dich NaOH
0,0200 M bang HCIl 0,100 M néu két thic chudn dé tai pT = 4,0.

. K
C, = 0,0200M ; C = 0,100M ; h = 1,0.107% > —h—“’

T (6.14)
C+C

o]

cc,

0,100 + 0,020 '
’_._0_0’__2 = 6.1073 = 0,6%

= 4
= LO10" =5366.0,0200

g =h

Sai s6 duong vi chudn d8 qua (pT < 7,0)

Vi dy 6.2. Danh gi4 kha nang dung metyl d5 lam chi thi
cho phép chudn d6 NaOH 0,0500 M bing HCI 0,0600 M, néu chép
nhéan sai s6 ¢ = + 0,1%.

Céch 1. Tinh budc nhiy chusin do,

K
- Ddu buéc nhdy ¢ = -0,1% = -1,0.10°3, -~ = &

h
do dé
K cc
0,0500.0,060
= =y 0 = 11073,  2:0500.0,0600 2,73.10°5
h C+C, 0,0500 + 0,0600

Vay pOH = 4,56 va pH, = 9,44
Kw
— Cuéi budc nhay ¢ = + 0,1% = 1.10°3 ; # >

6,00.5,00.104

Vay b = 1.1073, —
(6,00 + 5,00).1072

= 2,73.10°3

vd pH, = 4,56
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Nhu vay, pH, = 14 - pH v& budc nhay tit pH = 9,44 - 4,56

Metyl d6 cd pT = 5,0 nAm trong bube nhay chuin d6, nén
c6 thé dung metyl dé lam ch4t chi thi.

Cdch 2. Tinh sai s6 chudn do khi ding metyl d6 lam chi thi.

Chdt chi thi d8i mau tit vang sang héng da cam (pT = 5,0)

6 + 5).1072
g = (1.107° - 1.107%) 6+ 9107 3,66.10% = 0,04%
6.5.107
g < 0,1% nén cd thé dung metyl d6 lam chi thi.
. K,
Tai di€m ddu budc nhay chuidn dd 7 s h va tit (6.14) ta c6
K e
W O
T = 4, mT (6.18)
hy 1¢+C,
- K, cc,
tai difm cudi budc nhay A > W nén h, = q, C+76'0 (6.19)

vid bdi vi - g, = g, (dfu budc nhay sai s6 &4m, cu6i budc nhay

sai s6 duong) nén (7;)4 = h_ va do d6 (pOH), = pH_ hay

pH, = 14 - pH, (6.20)
Ta ndi rdng duong chufn d6 cd tinh 460 xing.

T (6.18) va (6.19) ta cing thdy ngay la khi C, C_ cang lén
thi [OH™] tai di€ém ddu va {(H'] tai di€m cudi chudn d6 cang
lon, nghia 1a pH tai di€m ddu budc nhay cang ldn ; va pH tai
difm cufi budc nhay cang bé, nghia la budc nhay cang dai.

Viéc tinh todn cho thdy v6i q = + 0,2% thl dng véi
cC=C 1072 budc nhay chufn d6 bdng 9 - 5

C = = 107! buéc nhay chufn d6 bing 10 - 4
C=C, 1 bude nhay chuin d6 bang 11 - 3

Oy
[ |
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'e*‘kg-

Trén hinh 6.2 cd vé cdc dudng chuin dd trong cde trudng
hap néng dé cac chét khac nhau

pH,

141
134
12
11
10
9

Phenolphialein

8
7
'E ______
5
4 —_

34 T
2 —
1 - -

n L e e e [P - m——— P ——

Hink 6.2. Cac dudng chudn d6 bazo manh blng axit manh
G ¢Ac nbng d9 khic nhau.

Il - Chuédn d¢ axit manh bing bazo manh

1. Duirng chudn dp
Tuong ty nhu trén, viéc 4p dung phuong trinh trung hoa

dién cho

trong do

phép rit ra phuong trinh dudng chudn ds :

., _K_w+ cv CV, _
h V+V, V+V0‘

0

: €, V la néng d6 va thé tich dung dich bazo chugn
XOH (vi du NaOH)

C,, V, 1a néng d6 va thé tich dung dich axit cén
chugn HY (vi du HCD.
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Két qua t8 hgp cho ta :

K
c[c = (r-3)]
cv R
P= o = = (6.21)

Cdc ké&t Iudn rit ra tit viée phan tich dudng chudn d4, trong
truong hgp chufn d6 bazo manh bang axit manh, cing dap dung
duge. Trén hinh 6.3 ¢d vé cac dudng chuin d6 axit manh bing
bazg manh dng vOi ndng dé cdc chit chufn d6 khdc nhau.

PH,
141

13 T

i

. - o 0M
12| g
: - - 001
» o
.
10 i

Phenolphtaicin

m W

S o= M W
=
2
. Z 1
; |
: . I
: | I8
Y
[
| B
LE
al
| o
|
"
=

_— .. e

1 P
Hinh 6.3. Dudng chuin dd axit manh bing bazo manh.

2. Sai s§ chuln d

Cing lap luin nhu trén & day ta cd

C. C,
sai s6 chufn dé g = XOH —_ _XOoH (6.22)

(CXOH)ld - CHY
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Cxpp = ndéng 46 XOH cho du
Cxop = nong d6 XOH cén cho dé dat diém tuvong duong
Cyy = t8ng ndng d6 HY tai diém ditng chudn do
Thay C.XOH = [CH™] - [H*]
SV, g,
Y = v+v, T Cc+c,

C

véo (6.22) ta rat ra phudng trinh dudng chudn dé

K, C+¢C
¢ =-(h-7) cc,:,O (623

Bigu thic (6.23) cing duge rit ra dé dang bing cdch t8 hop

_ K
(6.17) véi (6.21) néu chdp mhan (h - %) « C, C,

Cha y rdng, v8i ¢ da cho trude va véi néng d6 cdc ch4t
chudn d¢ gi6ng nhau thi pH taj di€m ddu buéc nhdy & day
trung véi pH tai di€m cuéi bude nhay trong trudng hgp chudn
dé nguge lai (bazo manh bing axit manh), va di nhién pH tai
di€m cusi budc nhay & day lai trang véi pH tai difm dau budc
nhay trong trudng hop trén.

Trong cac phép chufn d6 n&u tinh dugc sai s6 chudn do ta
cd thé€ tinh chinh xdc néng d6 cdc ch&t chuin dé.

Vi du 6.3. Tinh chinh xac néng d¢ dung dich HCI, biét
ring khi chudn d6 50,00 m! dung dich axit nay phai dung hét
30,00 m! dung dich NaOH 0,0500 M d€ 1am d8i mau metyl da
cam tu dé sang vang (pT = 4,4).

Néng d¢ gidn dung (thue nghiém, C,ny cia HCI :

0,0500.30,00
COTN = —’mﬁ'—— = 0,0300M
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(52
Sai s8 chudn dé :
0,0500 + 0,0300

g = —107%4 = -21.1073
5,00.3,00.107%
Néng d6 chinh xac cia HCI :
C o) = 90,0300 + 0,0300.2,1.107% = 0,03006M.
= 0,0301M

56.3. C_HUKN PO CAC PON AXIT YEU
VA DON BAZO YEU

I - Chufin d&é don bazo yéu bing axit manh

1. Puirng chudin 4o

Trong trudng hop téng quat khi chufin d6 V m! bazo B*
néng do C_ mol/l bing dung dich axit manh HY C molfl

— truéc khi chufin d6, dung dich cd phan dng bazo :
K

. _ _ W
B + H,0 == HB* + OH™ K =X,
- Phuong trinh phan ing chufin d¢ :

B + H = HB

Tai diém tuong duong, thanh phdn chd y&u cia dung dich
-la HB, H,0, vi vy dung dich cd phan tdng axit y&u

HB= H"'+B K (6.24)

[+

Ndi chung phai chon céc chdt chi thi s pT < 7.

+ D& tdng quat chiing 16i khong ghi dien tich cla bazd B va axit lién hgp HB (néu
B khong tich dién thi axit litn hgp 13 BH', con néu bazd 13 anion B thi axit lién hop
HB khong tich dién)
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Viéc dénh gia pH tai di€m tuong duong thu:dng duge tién
hanh dva vao can bang :

HB = H'+B K,
C COVCI
th+V0
cv
a N
{1 {(—r5 — k) R h
(vasv, )

Phuong trinh duimg chufn d¢ duge xay dung tit phuong trinh
dinh Iudt bado toan proton. Chang han, d6i véi phép chufn d6
B 1a bazo khong tich dién bang HY :

[H*] - [OH"] + [BH'] - [Y'] =
Covo h

A . +31 _ —
dday 1 [BH'] = Cy oyt = 3y v E TR (6.25)
_ cv
Y= Cuy = yov,
Sau khi t6 hgp ta c6 phuong trinh
K, cv |
-t GV Toe Ao (598
A V+V, V+V K, +h
vi cudi cing
h Ky
ov ClGrTat(*-7)]
P = = (6.27)
COVO KW

CGLC - (r-%7)]

Trong béng (6.3) cd ghi k&t qua tinh dudng chufn dé NH,
0,100M bang HCI1 0,100M.

G day ¢ = ¢, = 0,100 ; K, = 5,75.10"10
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Tai di€m tuong duong : [H*] = ﬂKaCNH+ va
- 4

100

by = V5,75.10-1°.0'— = 5,36.10°¢
2 .

pHy = 5,27

V& nguyén téc cd thé chon metyl dé (pT = 5) ; metyl da
cam (pT = 4) lam chi thi.

ey

Bdng 6.3
K&t qua tinh dwdng chuln ¢¢ dung dich NH,
bing dung djch HCI
€ = C, = 0,100 ; Knug = 5,75.10°"°

pH ok —Ih& Kah+ A P g=FP-1)%
10,00 ~1,0.10 1 0,148 0,147 -85,3
9,00 -1,0.107° 0,635 0,635 -36,5
8,00 -9,9.1077 0,946 0,946 -5,4
7,00 0 0,994 0,994 -0,6
6,50 2,84.107° 0,9982 0,9982 ~0,18
6,00 991077 0,9994 0,9994 -0,06
5,00 1,0.10°% 0,99994 1,00014 +0,01
4,00 1,0.10 * 0,999994 1,002 +0,2
3,50 3,16.10 ¢ 0,999998 1,003 +0,3
3,00 1,0.107 1,00000 1,020 +2,0
2,00 1,010 2 1,00000 1,22 +22

Trén hinh 6.4 ¢6 vé dudng chufin db dya vao cdc két qua
tinh duge trén bang 6.3. Dudng chufn do cd dang nhu d6i vai
truing hgp chufin d¢ bazo manh bing. axit manh. Di€m khéc
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/’s

la budc nhiy chudn
dé hep hon (6,5 - 4,0
- dng v6i sai s6 + 0,1
- 0,2%) va léch vao
vung axit. Nhu da du
dodn & trén, ta chi cd
th€ dang cdc chét chl
thi ed chi s6 chufn d6
pT < 7, vi du phenol
dé (pT = 6). metyl dé
(pT = 5), metyl da cam
(pT = 4)

Tuy viy, trén dudng
cong & hinh 6.4 ta cing
thdy metyl dé la chét
chi thi t6t, vl chi s6
chufn d¢ ndm trong
buéec nhay, sat diém
tuong duong,

2. Sai s6 chufin d6

1" Cava - Cava

—l—l.—h-l—du
2 o N W & T

o= N Wb o~

Chv)a

Phenalphtalein
----- !
Metyl db ‘
_ Q_M_d; cam
__\_"‘_‘—-—-_._ -—
1 E

Hinh 6.4. Dudng ciudn d§ dung dich NH,
bing HCl € = C, = 0,100M

(Chrv);

(6.28)

o) day : (C’HY)d = nfng d¢ dung djch chufn HY cho qud du

so véi néng 40 (Cyy),, gn d€ dat dén
-di€m tuong duong ;

(Cuy),

- n8ng d6 dung dich HY con thifu so véi

lugng cln d€ dat difm tuong duong.

Bi vi (Cppydyyg

e G
CB

= (Cyzl,y nén cé th€ viét (6.28) dusi dang

(6.29)

Cp = néng d0 B con du chua bj chufn do ; Cyy = néng do
HY du. (Céc bi€u thic (6.28) ; (6.29) cang dudc thist lap ti
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quy tdc duong lugng ging nhu trutyng hgp chudn d6 bazo manh
bang axit manh)

Ap dung didu kién proton cho hé khi cdn du B (chua bi
chudn d6)

TPGH HB, B(C"), H,0
DKP {H*] = [OH'] + [B] - Cp
Suy ra
Cy = —([H*] - [OH™]) + (B] (6.30)

Sai s6 (18 hop (6.30) véi (6.29)) :

((H] - [OHT) [B] [H"] — [OH"]

B Cy
cV cc

(L] 4]

C day, CB=V+V0=C+CO

K{l

“® Tk +MH
Cuéi cung ta cd bi€u thic tinh sai s8 chudn 46 :

K, C+cC,

Phuong trinh (6.32) ciing thu duge khi t6 hgp phuong trinh
diéu kién proton dp dung cho h¢ HB, + HY () + H,0 (du
HY) va biu thuc (6.28).

Trong trudng h¢p nay ta cing cd

g=P-1 (6.33)
cv . i , \ .
P = v la ti 8§ duong lugng clng 1a ti 86 mol cta hai chdt
a o0

phan dng. _
T8 hop (6.33) vai (6.27) ta céng rit ra (6.32) vdi chdp nhan

: K
4 gin di€m tuong duong (h - —,Tw) « C,C,
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Phuang trinh (6.32) khdc véi phuong trinh (6.14) bdi dai
lugng - ap, chi phdn bazo B cdn du chua bj chudn ds.

Vi du 6.4. Chon chét chi thi thich hgp trong s8 cic chéi :
metyl da cam, metyl dd, phenol d6, phenolphtalein d€ x4c
dinh di€m twong duong cia phép chuin d& NH, 0,0300M béng
HCl 0,0600M.(K, , = 575.10710)

NH,

NH, + HCl = NH,CI

_ 0,0300V, - V.
Tgl di€m tuong duong : Vua = ~0.0600 =5
coy o SV _ 0,0300 . == = 0,0200M
NH, AR "L 7
V, 5

[H'],, = V5,75.101100,0200 = 3,39.10°5, pH, , = 5,47
Ta cd thé chon céc chit chi thi : metyl da cam (pT = 4,0) ;

metyl d& (pT = 5,0) ; phenol dé (pT = 6,0)
K,

W

Véi metyl da cam: pT = 4,0; h = 1.107% » K,; h » R
do dd phudng trinh (6.32) duge don gidn thanh :

_, it % K s 0084006 57510710
7= cC B - Y T0,08.0,06 1104

o]

= 51073 - 575.107% = 0,5%

Sai 6 & day duong vi da chufn dd qua (pT = 4 < 547)
| K

w

Véi metyl d6 : pT = 50, h = 11005 > K, ; h » -

5 0,06 +0,03 _ 5,75.10‘10'_
0,03.0,06 1.10-5

q = 1,0.10°
= 5107% - 57510° = 4104 = 0,04%
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Véi phenol dé ; pT = 6,0, A = 1.10°°

_ 1106 0064003 575107
7= 27" 70,080,06 1105

= 5107% - 575107 = —5.10% = -0,05%

Sai s6 am vi chufn d¢ thigu (pT = 6,0 > 547

Két lugn : cd th€ dung metyl dé6 va phenol dé vi sai s§
bé nh4t.

Vi du 6.5. Danh gid pH tai budc nhay trong phép chudn do
dung dich NH, 0,0300 M bing dung dich HCI 0,200M néu chép
nhain sai s8 ¢ = + 0,1%.

Vi sai s6 bé nén cd th8 coi [HY] = [H'], » K, T6 hgp
(6.32) ta rit ra : '

h?t - gC% - (K, CO+ K)) = 0
CC, 0,200.0,0300

@4y C° = F5 6 = 5200 + 00300 = 201107
P4u budéc nhay ¢ = -0,1% = -1.10"3
h? + 2,61.107%k ~ 1,500.10711 = ¢
tinh ra A, = 562.1077, pH, = 6,25 ‘.

Cuéi buéc nhay, ¢ = +0,1% = 1.1073
R - 2,61.105 p - 1,500.10711 = 9
h, = 2,67.1075, pH, = 4,57
Buéce nhay t;‘t 6,20 dé&n 4,57
Il - Chufn d§ don axit yéu biing bazo manh

Xét trudng hop chudn 4§ V m! dung dich axit HA C_ M bing
dung dich XOH C M.

Phuong trinh phan dng chufn dé :
HA + XOH = XA + H,0
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Tai diém tuong duong thanh phdn dung dich gém cé X', A™,
H,0. Dung dich c¢é phan éng bazo

K
w
il (6.34)

a

Chi c¢6 th& chon cic chidt chi thi ¢ pT > 7.

A” + H,0 = HA + OH

pH tai diém tuong duong dugc ddnh gid dua vao cAn bng (6.34)
A" +H,0= HA+ OH

c CoVo
V+V, '
cVv.
oo :
[ ] (ﬂ“‘To - x) x x
x? K,
=K = —= : (6.35)
RA b " K,

(v¥v, 7%)

Dé6i véi trudng hop chufin d¢ axit axetic 0,100 M bing NaOH
0,100M tacd : C = C, = 0,100M ; K, = 1,74.10°3. T (6.35)
ta rat ra : '

K C ' —14
’ 10714.0,100
[OH] = = . — =\ ———— = 53610
K, 2 2.1,74.10°3
pOH = 5,27 va pH = 8,73,

Ta c6 thé chon phenolphtalein lam chi thi vl pT = 9 = pH
1. Dudng chudn df

Xu#t phat ti dinh luit bdo toan proton (mdc khoﬁg : HA,
X0OH) ta co :

[H*] - [OH"] - [A] + [X*] = 0

(6.36)
cCV K
- D O a
6dﬁy: [A]=CHAaA—=V+VO.Ka_+h;
v
+ R —
D_(] = V+V,
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K&t qui tinh dwong cholin 49 dung dich

Bdng 6.4

axit axetic blng dung dich NaOH (C = C, = 0,100¥, X, = 1,74.10°)

pH h_& £, P g=(P~1)%
h K, +h

3,00 1,010° 00171 0,007 -99.3
4,00 1,0.10°* 0,1482 0,147 ~85.3
5,00 1,0.10°° 0,6350 0,635 -36,5
6,00 99.10 7 0,946 0,946 <54
6,50 2,84.10°7 0,9839 0,9822 -138
7,00 0 06,9943 0,9943 -0,57
7,50 —2,85.10 7 0,9982 0,9982 ~0,18
8,00 -9,0.10 7 0,9994 0,9994 -0,06
8,50 -3,16.10° 0,99982 0,99982 -0,018
9,0 -1,0.10"° 0,999942 1,00004 +0,004
10,0 -1,0.10~* 0,999994 1,002 0,2
10,50 ~3,16.10°4 0,9999982 1,0063 0,63
11,00- -1,0.10"° 1,00000 1,02 2,0
12,00 ~1,0.107 1,00000 1,22 22,0

Thay cde gid tri nay vao (6.36) va sau khi t8 hgp cdn thist

ta cd :

K

Ak

o (Cgsr-(*- %))
e (- )]

Trong bang 6.4 cd ghi k&t qua tinh duong chufn do axit
axetic bdng NaOH véi C = C_ = 0,100M

(6.37)
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Két qua tinh trén bang
6.4 va hi€u dién trén
hinh 6.5 cho thdy dutng i
chufin d% cd bude nhay pH 13
tt 7,56 - 10 (g = %0,2%) 1 _ -
hep hon nhidu so vai " {
trudng hgp chudn do axit '°
manh bing bazg manh
cung néng d6. Budc nhay
léch sang viing bazo. Dung
phenolphtalein (pT = 9,0)
lam chi thi cho k&t qua
t6t ¢ < +0,01%). C6 thé
chufdn d6 dén mau d6 cda
phenol dé (pT = 8), tuy
vy d dAy mau chat chi

thi s& bi€n déi rdt cham. Hinh 6.5. Duong chuin do dung dich
’ ) HAx bing dung dich NaOH

Phenolphtaleln

K
.

S o= W W s h Y o O

1

2. Sai s6 chudn d¢

Cang li ludn nhu d6i véi trudng hop chufn d6 bazo B bing
axit manh HY, ¢ day ta cd :

C Cyou -
HA XOH

g = ——— hoic g = {6.38)
Cua Chya

C;-IA = nong d¢ axit chua bj chudn dé

Cyon = noéng d6 XOH du so véi lugng cén thiét d& dat toi
di€m tuong duong.

Ap dung diéu kién proton véi muc khéng 1a A, HA (CHA)
H,O (tai di€ém ding chuén d§) ta cd :

[H] = (OH'] - [HA] + Cj;,

ta rit ra Cua = [H'] - [OH] + [HA]
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va sai s6 g = —{[H'] - [OH™D/C ;4 - apa {6.39)
A cyV cc,

. - C a0
HA = ¢ baa 7 =
K, +h V+V, T C+C,

trong ddg, (6.40)

Thay cac dai lugng trén vao biu thdc (6.39) va sau khi t8
hgp don gidn ta cd :

K 1
w
7= (b= F) G " ona
K, C+C h
w 0
hay 1=-(*-%) e "Ek ©4D

Vi du 6.6 Danh gia sai s6 khi chufn d6 dung dich axit
axetic 0,0500M biang dung dich NaOH 0,100M dén xuit hién
méau héng cda phenolphtalein (pT = 9,00)

C = 0,100, C, = 0,0500, pT = 9,00, » = 1,0.10°°
K

w
¥ _ -5

o 1,0.10

Kw 1

T > h

0,100+0,0500 1,0.107° B
0,100.0,0500 174 105 +10™%

g = 1,01073

2,4.10% = 0,024%

Vi dy 6.7. Tinh pH cia dung dich thu duge khi da thém
9,98m! dung dich NaOH 0,100M vao 20,00m! dung dich HAx
0,0500M '

9,98.0,100

P = 50.00.0,0500

= 0,998
g = 0998 - 1 = -0,002 = -2.10°3
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Cé th€ coi h « K, T6 hop (6.41) ta dugce phuong trinh
bée hai :

GC°K KK
n? + Ly - Y =0
C° +K, O +K,

0,100. 0,0500 1

s _5 163 . N Th i it
Véig = -2.10""; €° = 5956%0,0500 — 30’

K, =1,74.10"°

ta co : _
h% - 3,478.10°8 - 5,22.10°18 = ¢

va h = 3849108  pH = 7,46

3. Két luin chung vé chudn dé cdc don axit vi don bazo yéu

a) Di€m tuong duong cua phép chudn d6 midm trong ving
axit (chufin d% bazo y&u) ho#c vung bazo (chufin do axit y&u).

b) Budc nhay chu#in d6 hep hon nhiéu so véi trudng hop
chufin d6 axit vad bazo manh cing néng d9 va ndm léch vao
ving axit hodc bazo. Cling nhu trong trudng hogp chuén d6 axit
va bazo manh, buéc nhay phu thudc néng d8 cac axit va bazo

~ chuén d9. N6ng dé cang bé thi budc nhay cang hep va sai s

cang 16n. Ngoai ra con phu thudc hing s8 phan li cua axit va
bazo chudn d¢. Tu bidu thic (6.32) ta th&y voi néng do céc
chit chufin dé cho s&n thi sai s§ khi chufin d6 cic bazo y&u
cang bé khi hing 6 phan li K cla axit lién hop v6i bazo chugn
dd cang bé, ngugc lai ti (6.41) ta thdy khi chufn do axit y&u
thi sai s6 cang bé khi hing s phan li' cla axit cang lon. Noi
cach khdc, axit va bazo chufin d6 cang manh thi sai 86 cang
bé, budc nhay chudn d¢ cang lon. .

c) Kha nang chugn d6 cdc don axit phu thu¢c tich hing sé
phéan li va néng d6 cdc axit. Tir (6.41) vai chdp nhan & « K_jh
ta rit ra :

qK,C%h + (g + DR2C® - K (K, + h) = 0 (6.42)
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Chia (6.42) cho A ta dugc

K +h
gK,Co + (g + DhC® - K, —— =0

Thay h = [H*], = TKWKQIO’ vio va col ¢ <1 ta rit ra :

qK,C° - K, = 0
suy.ra K, C° = "}}E (6.432)
CO
Néu coi C°%= 5 thi diéu kién chufin d6 don axit HA la
2K,
K,C, = re (6.43)

Chidng han, muén chufn d6 chinh xd4c dén 0,2% thi
K,C, = 107!, néu ¢, = 1.10°3 thi K, phai 16n hon 1.10°8,

4. Y nghia cta cdc s6 hang trong cdc phuong trinh tinh sai
s8 chufn d6 (6.31) va (6.39) duge suy lusin don gidn nhu sau :

Trong trudng hop chudn 46 bazo y8u bing axit manh thanh
phdn "H tudng" tai di€m tuong duong chi ¢ thé 1a nufe va
axit lién hgp véi bazo chudn dé (HB'). Phuong trinh sai s6
chuin d6 phan dnh sy sai khic giita thanh ph&n thuc t& cg

trong dung dich v6i thanh phén "li tudng” tai di€m tuong duong.’

36 hang thd nhét cha phuong trinh (6.31) phan anh phan du
cita H* hodc OH™ so vdi H,0. Higu ((H'] - [OH))/Cy <6 ddu
dudng vi chufin 40 bazo bing axit. S6 hang thit hai ph&n anh
phan bazo (ap) con du chue bi chudn d¢. S6 hang nay luon
ludn t6n tai vi ngay ca tai diém tuong duong vdn cd mit B

trong dung dich do cén bing phan li cia BH*.

Cing 1i luén tuong tu nhu vay, trong phucng trinh chusn
dg axit HA bang XOH (6+39), s6 hang thd nhit cd ddu am vi
day la phén du H* so véi OH", s hang thd hai phan anh phéan
axit chua bi chufn d6 {eyy5); c6 ddu am.
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§6.4. CHUAN DO HON HOP CAC DON AXIT
VA DON BAZO

I - H6n hgp axit manh va don axit yé&u

Gia s ta chudn d6 Vgnl dung dich chia axit manh HY
Col molfl va HA C M bing dung dich chufn bazd manh XQH
C mol/l. Trong dung dich ¢d cic qua trinh :

HY - HB* +Y
HAS H" +A K,
M6i ddu khi thém XOH thi cha yéu axit manh HY bi trung
hda, béi vl sy c6 mat lugng 16n ion H* do HY phan i ra lam
han ch& quéd trinh phan li cia axit HA. Khi néng d6 HY cbn

rdt it thi axit HA bi trung hda mot phén, nhiéu hay it la tuy
theo hing s6 phan li cha axit HA Ién hay bé.

Trong trudng hop axit HA rdt y&u (K, rét bé) thi phén axit
HA bi trung hoa tai di€m tuong duong thd¢ nhit (chu&n d6 HY)
la khong ding k€ va pH céa dung dich & day dugc tinh theo
cdn bang phan li cia axit HA va ta cd th& chudn d6 rieng HY
trong hén hgp. Tuy vay, cing cd th€ du dodn 1a do sy cd mat
cua axit HA ma pH cta dung dich 8 bién d6i cham khi thém
du XOH, budc nhay chuin dé hep, d¢ chinh xdc chufin do
khéng cao.

Gia s ta nging chudn d6 khi trong dung dich con c6 lugng
du HY chua bi chuén d5. Thanh phin dung dich tai thdi di€m
nay gbm HA, H,0, HY (C’). Phuong trinh diéu kién proton

[H] = [OH'] + [A"] + Chyy
Ta r4t ra phuong trinh tinh sai s6 chufn 46 :

C — -
HY H1-[0H1" [A7]
g, = — = - + (6.44)
: CHY CHY CHY
COIVO C.Col

Cuy = V+V, T C+C,,
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() = gryaam 04y a0 = oy

Thay céac dai luong nay vao bi€u thuc (6.44) va sau khi t4
hgp don gian ta cd :
: K, C+C, C,
g=—({h——)—— + —a,- (6.45)
I ( h ) cc o A

ol

Nhu vay, sai s6 chudn d¢ axit manh trong hén hgp cia nd
vfi axit yéu phuy thufc cid nfng d&é va d0 manh cta axit nay,

Trong trudng hep khéng th€ chuin d$ riéng axit manh trong

hén hgp thi phai chufn d¢ téng axit trong hén hgp. pH tai
diém tuong duong duge tinh theo cdn bing thu proton cia
anion A~

A” + H,0 = HA + OH" K, = 2

a

Cd thé ching minh dé dang tai di€m tuong duong thy hai :

K C+C _ +C C
1 2
u = - (h - hw) C(C D+C 5 - C -:20 “HA (6.46)
( ol 02) ol (7] ’
" h
VOl aya = B35 -

Céc bi€u thic (6.41) va (6.46) cé dang tuong déng nhau, chi
khac thita s8 ndng db.

Vi du 6.8, Dinh gi4 sai s6 khi chufn dé rieng HCI
trong hén hgp HCI 0,0100M va H,BO, 1,000M bang dung dich
NaOH 0,1000M, dang metyl da cam lam chi thi (pT = 4,4).
Coi H,BO, la mot don axit K, = 5,75.10710.

C,, = 0,0100 ; C_, = 1,000 ; C =0,1000
B o= 107%% = 4.10°°

0,11 1 5,7510710
— _ ——5 ¥ ]
¢ = ~4107.3001 T 0,01 410

2,97.1073

0,3%
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Vi du 6.9. Tinh sai s6 khi chusn d6 hén hgp HCI 0,0100M
va CH,COOH 0,0100M bang NaOH 0,100M dung phenolphtalein
lam ch1 thi (pT = 9),

Ap dung (6.46) ta c6

0,12 0,010 1.107°
0,002 0,020 1,74.10°5

Sai s6 duong vi pH > pH, ,

q = 11075,

= 0,06%

Il - Hén hogp hai don axit. yé&u

Gia sl ta chufin do V ml hén hgp axit HA C, M va axit
HB C_, M bang dung dlch X0H ¢ M.

Trong dung dich ¢6 cdc can bing :

HA = H* + A~ K,
HB = H* + B~ K

aB

New K , > K .p thl méi diu axit HA bj trung hda trudc va
khi mét phdn HA da bi chufin do thi s& x4y ra phdn dng trung
hoa d6ng thai cA hai axit.

Ta hay xét pH tai diém tuong duong thd nhit khi d& cho
moét lugng tuong duong XOH véi luong HA v, = C,,V,)
Thanh phfn dung dich tai di€m tuong duong thid nhﬁt gém cd
XA, HB va H,0.

Ap dung didu kien proton v6i muc khong 13 A", HB, H,0
ta cd :

[H*) = [OH"] - [HA] + [B"}

Sau khi td hop cén thiét ta rdt ra bi€u thdc danh gid

gin dang buSc moét néng d6 ion H* tai di€m tuong duong
thd nhat.
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C.V
ol o
Ky *+Kap vV, +V,
hy = o (6.47)
! +KaA VI +Vl')
C.Vv c.\v
o2’ o ol o .
. o270 - . o
Khi L v, +V, > K va K, ——*——VI v > 1 thi ta cd bi€u
thie don gidn :
C
02
hy = K“AK“BFOI (6.48)

Kha nang chufn d6 riéng axit HA trong hén hgp tuy thude
quan hé giita hai hing s8 phan li cia 2 axit. Viéc ching minh
cho théy ¢€ cé thé chudn d6 riéng axit HA trong hén hgp véi

K

, \ - PaA . '
sai 56 chufn d6 khong vugt qua g thi tl s6 Ka phai théa mdin
uB
diéu kién
e (6.49)
aB ol q
. N KaA &
Khi C, = C,, va ¢ < 0,1% thi K, = 10°
K
Khi ¢ € 1% thi —= = 10%
KaB

Khi chuén d6 dén di€ém tuong duong thd nhdt thi sai s8
chudn 46 do con du HA (Ci{A) la :
c
@ = "Fm—
Cha

Theo diéu kién proton véi mic khong la A”, HB, HA, H,0,
ta ¢o : .

[H*] = [OH"] + [B™] - [HA] + Cy,
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do dé : _
—Cpya = -[HY] + [OH"] + [B7] ~ [HA]

va sai sd _
g = —([H'} - [OH ])/C - a + EEEa -
HA HA T T OB
o) day,
o KaB . C COZVO
6" T R+K,’ HBT VvV
_ h . N Colvo _ CCol
“HA T K +h’ HAT ViV T CFC,
Vi vay :
K C+C C
w ol o2
q; = —(h —T)—"CFE,:'—GHA+E;IGB- (6.50)

Khi chufin d¢ dén diém tudgng duong thd hai tic la chudn
d6 t8ng lugng hai axit thi

I »

g = Cxon _ CX_OH
(CXOH)IG (CHA"'CHB):d _
C;(OH = néng d¢ XOH du

«© ) _ CXOHth _ (C +C 2) Vo _ C(Col + Coz)
XOHtd VatV, ol VV.tV, C+C_ +C,

4 day, C;{OH dugc rit ra tit bi€u thic didu kién proton véi
midc khéng la A™, B7, H,0, XOH (C)

[H*] = [OH"] - [HA] - [HB] - C
Vi vay ta rit ra qé dang :

XOH
C

HA CI—IB

Crin)=Cipyp e g B
HB) %y HB
ACyAtTCp CuatCyp

qn =*([H+] - [OH_]I(CHA.‘_
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va sau khi t8 hop ta co :
' K, C+C, +C,
Gy = — (h - _w) ___ ol e
I R/ CC,+C)
Col Co?.

- - {6.51)
Col + COZ HA Col + COZ Hi

Vi dy 6.10 ; Dénh gis kha nang chudn do riéng axit axetic
trong hén hgp axit axetic 0,100M va axit boric 0,100M bing
dung dich NaOH 0,100M. Cho K., = 1,74.10°5 K

HBO, =
3 3
= 5,75.1071° ; sai s6 khéng qui 1%.

Coz 1 -q
Col q2

= ' -5 -0 _ 4
KyadKypo, = 1,74.107%/5,75.10°1 = 3.10% >

(vdi ¢ = 0,01)
Cé kha nang chudn d6 chinh x4c dén 1%.
Tai di€m tuong duong thi nhat

R, = V1,74.105 .5,75.101° = 1,00.10°7 pH, = 7.

Cé th€ chuin d6 dén xuft hién mau héng da cam ciaa chi
thi phenol d6 (pT = 7). Trén dudng chuin do busc nhay pH
h&u nhu khong ré, su chuyén mau cia chét chi thi x8y ra cham.
Néu chufin d¢ dén mau dé cia chdt chi thi (pT = 8) thi sai
s6 tinh theo (6.50) 1a 5,6%. ' :

Nhitng két luan vé& viéc chufn d6 hén hop cdc bazo cing
duge rit ra theo cach tuong ty nhu khi xét phép chufn d6 hén
hgp cédc axit da trinh bay & trén.

§6.5. CHUAN DO CAC DA AXIT VA DA BAZO

I - Da axit

Céc da axit cd th€ coi nhu 1a hén hop nhiéu don axit. Trong
trudng hop ti 86 cdc hing s6 cla cac ndc phan li k€ ti6p vuot
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qua 10* thi vé nguyén tic cd thé chudn 46 riéng ting nfc véi
sai 86 kh6éng qua 1%. Chdng han d&i véi axit photphoric
H,PO, = H* + H,PO;, K, = 107215

al

— - = - 7,21
H,PO, = H* + HPO? K, =10

- - — 10-1232
HPOI~ = H* + PO} K, = 107123
K, K,
= = 10° va = 10° > 10% vi vay c6 th& chudn dd
a2 a3 '

riéng néc 1 va nfc 2 nhu hén hop hai don axit ¢é hdng s6
phén li K , va K ,

1. pH tai cdc diém tuwong duong

Tei diém tuong duong thit nhét :

Phuong trinh phan ng chufin d¢ : _

H,A + XOH -» XH,A + H,0
Thanh phédn dung dich : H,A™ ; H,0
Phuong trinhk DKP :
(H*} = [OH"]1 - [H,A] + [HAZ'] + 2{A*)
Néng d6 [H*] tai diém tuong duong :

K, +K,C? '
B = ¥V —— = (6.52)
1+ K 1co

CVo  CC,
th 1 + Vo C+ Co

O day € = (Cy o), =

Tai diém tuong duong thit hai :

Phuong trinh phadn dng chufn d6 :
H;A + 2XOH — X, HA + H,0

Thanh phdn dung dich : HAZ ; H,0

Phuong trinh dinh lu&t bao toan proton (DKP) :
[H*)= [OH'] + [A*] - [HA'] ~ 2(H,A]

147



Néng d6 [H*) tai di€m tuong duang :

K +K.CO
372

[H*], = \j—*w - (6.53)
1+K1C

CV, cc

4]

V1d2+V0 - C +2C0

Tai dié d = _ Sxon
(Tai di€m tuong duong Xy = CH3A =5 suy ra
20V = CV,, va i C
=3 v - = T
o' o td2 V1d2 zco

Thong thudng K , qui bé nén khong thé chuin d¢ truc tiép
dén di€m tuong duong thd ba.

Tqi diém tuong duong thi ba : HzA
A* + H,0 = HA®™ + OH-
. | (6.54) " d
(C3 —x) Kz . Vo L HoA
Tit x = [OH] ta suy ra [H*]. O day,
o o GG _ OH
3 le:,,+v0 C +3CD HA2_
30 d6 chuéin d6 da axit HA bing
XOH duge cho trén hinh 6.6. Hinh 6.6. So d6 chuin 49
axit HjA béng XOH
2. Pudng chuin 4o V; = 21

Dé xay dung dudng chudn d6 cd thé thist 14p ham lién hé
pH - P(mol), & day P(mol) 1a ti s6 s6 mol clia cdc chét phan
ing ; hosic pH -~ P (dig), & day P(dlg) 1a ti s6 s6 duong lugng
cua cdc chit phan dng. Trong trudng hgp thi nhit P tai cac
diém tuong duong la khac nhau. Vi du, chuén dé H,A(C_, V)
bing NaOH (C,V)

H,A + NaOH -» H,A™ + Na* + H,0
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Tai di€m tuong duong thi nhat C V_ =
P (mol) = Cthl =1
td1 A

Tai di€m tuong duong thd hai

cCV do d¢

H,A +  2NaOH — HA? + 2Na* + 2H,0

AN cv
(CV e = CV, va
cv,
1d2
Py, (mol) = 5w = 2
[+ ]

va tai di€m tuong duong thd ba

H,A + 3NaOH — A¥ + 3Na' + 3H,0

cvV, ¢cv
Ccv CV
T id3 td3
53— = CV, v& Py, (mol) = cv, =3

Theo phuong phép thd hai thi P(dlg) la ti s6 s6 duong lugng
cia chdt phan dng, luén ludn bang 1 & bat ki di€m tuong duong
nao. Trong vi du & trén : :

P g1 (lg)

Py (i)

P y3(dig)

cy = 1 (nong d0 mol cha axit bing néng do dig)

0 D

CViaa

2C._V,

CVia3

3Cv. " 1 (Cya) = 3Cueuay = 3C)

= 1 (Cya) = 20uma) = 2¢,)
) ¥

Khi thiét lap dudng chufn d6 phai tinh néng 46 cia cic cdu
ti cia da axit trong dung dich. D€ bi&u didn thanh phan néng
d¢ nay, tién hon ca 1a dung phan s6 néng d6 ¢ nhu da lam
d&di v8i cdc don axit va don bazo :
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[H,A] [H,A™}
phan s6 néng do cta H A o , = T %At = @ :
? H,A 2 1A
. [HAT [A37]
- = H 3=
HA CH_‘A A CH3A

Theo dinh luat bdo toan néng do ta cd :
CH;’\ = [HA] + [H,A7] + [HA*T] + [A%]

Tt dinh luat tac dung khéi lugng ap dung cho cdc can bang
phan li cha HyA :

HA =H +HA K

al
LA™ = H* + HAZ K,
HAZ = H* + A% K,
ta rit ra : .
| [H,A]
LA™ = Koy 577
B [H,A]
ULAT = KoKy s
_ [H;A]
[A*7] = KalKaZKaSﬁ_IT]g,
[H'] = & |

Sau khi td hop v6i bi€u thdc dinh luat bao toan néng d6 a
trén ta co : '

h3
A = K MK KKK
wl al a2 al aZKaS
k3
va aya = (6.55)
? hs +Ka1h2 +KalKa2h +KalKaZKa3
K, h?

(6.56)

FuAT T 73 )
A h +Kalh +Ka1Ka2h+Ka1KaZKa3
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KalKaZh
agar = 73 5 (6.57)
h +Kalh +Ka1Ka2h +K01Ka2Ka3
KaIKaZKaS
A = — 3 (6.58)
. h +Kalh +K01Ka2h +KalKa2Ka3
bai vai diaxit HZA :
hz
A = 73 (6.59)
h+K_ h +K, K,
K h?
aya~ = (6.60)
A +Ka1k +K01Ka2
K K
1""a2
Gprm = (6.61)
h +Ka1h +Ka1Kaz

Di nhién d6i véi msi da axit Za, = 1

Trén hinh 6.7 ¢6 cho sy phu thudc cdc dai lugng a véi pH
déi v6i axit H,A (pK, = 2 ; pK,, = 7 va pK,, = 12). Céc
dudng cong duge vé tit cdc s6 lidu cho trong bang 6.5.

@

. 2. 3
H, A H,A | HA A

"

0.5

: < PH
0 2 4 10 12 14 )
Hink 6.7. Syt phy thudc a-pH cia cic phin td trong dung dich HyA
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Bdng 6.5
Cic gid tri a clia cde phiin tir HaA theo pH
(PKgy = 2,05 pKyy = 7.0 5 pK,3 = 12,0)

pH M=h3+Kalh2+KmKa2}' TR KaKas aH3A “HzA_ Agal~ a =
1,0 0,0011 0909 | 0,0909
2,0 2107° 0,50 0,50
3,0 L,1107® 0,0909 | 09509 |909.10°

| 4,0 1,011.107 ' | 0.0098% | 0989 |989.107"
5.0 1,011,107 12 9,89.10" | 09891 | 9.89.10 2
6.0 1,100.10" ™ 9,09.10 ° | 0909 { 0,0909
7,0 2,010 18 5010 % | o050 0,50
8,0 1110”7 9,090.10 % 00909 | 09091 |9j107°
9,0 1,011.10" 8 99.107 " | 0,00989 | 09891 |9.89.107*
10,0 1,011.10 ¥ - 9,89.10°*1 09891 |9,89.107°
11,0 1,10.107% - 9,09.10°| 09090 | 0,09091
12,0 2,0.10" % - 50107% 0,50 0,50
13,0 11107 % - - 9,0107% [ 0,00091 | 0,9091
14,0 1,01.107% - 9,910 ¥[9,901.10 %[ 0,9901

Phuong trinh tdng quat dudng chuin do duge thist lap tu
phuong trinh dinh luat bdo toan proton ap dung cho hé gom :

H,A (Vynl, C M) va XOH (Vmi, C,) :

[H*] = [OH"]- Cy oy + (H,A1 +2[HAZ ) +3[A*] = 0 (6.62)

3 cv
O day C

XOH = V+v,  [HpA) = C

HA%HA™
COVO

-] = . [A¥] = — =292
HA™] = HAMHA § (A7) = Cypap— Cop = ViV,
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Viéc td hop (6.62) cho ta :

o° CB[C+(h-—7F)]
Bdng 6.6

Mot s6 gia tri P theo pH d8i v6i phép chulin d§ H3A bing XOH
C=C, = 0100M ; pK,y = 2,0 ; pK,5 = 7,0 ; pK;3 = 12,0

pH (k - %) TH,a ayal” a3 s
3.0 1,010 3 0909 | 909107° 0,890
4,0 L0104 0,989 989101 0,989
50 1,010"° 0,989 9,8910 1,0086
60 [ 099107¢ 0,909 0,0909 1,0908
7.0 0 0,50 0,50 1,50
80 | -09910"7 0,09091 0,9091 9,1107° 1,9094
9.0 -1,0107° 0,00989 09891 989107 1,9914
100 -1010" 98910~ 0,9891 9,89.10° 2,0119
1,0 -10107° 90910 0,9090 0,0909 2,122
120 -10.10°2 5010 ° 0,500 0,500 2,889
1206 —1,148L107% | 4,035107¢ 0,46552 0,534482 2,993
12,10] -1,2589.10 2 | 3,51610 ° 0,442687 0,55731 3,0696

Phuong trinh (6.63) s& c6 dang don gidn hon tilyl theo di€m
chufin dé ma ta xét. Vi du trudc di€m tuong dugng thd nhit
A~ B a2 > ayui- ; osau diém tuong dugng thd nhdt va

trude di€m tuong duong thd hai cd the& bo qua a 3~ vov... Cing

vay tuy theo pH ma cd thé don gidn cén thidt cac s6 hang
trong cdc phuong trinh tinh « (theo (6.55) - (6.61)).
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Trong bang 6.6

c6 ghi mét s& gia -

tri P khi bigt pH ¢ N

déi v&i phép chudn 1;‘ AT

dd axit H,A bang 11 e -

XOH 10! N

. sl HA Phenalphtalein

Trén hinh 6.8 e __

cd vé dang dudng - /_,--"/

chugén do P-pH & e

d6i v6i phép chudn HA

do axit H,A 0,100M / Matylda cam

bing XOH 0,100M. ,| .

pH tai cic difm

tucng dUOng dUQC Bltmme cme e b e e

tinh theo (6.52) ; _ _

(6.53), (6.54). Hinh 6.8. Duong chudn dé axit HjA 0,100M
bing XOH 0,100M

Pk, = 2,00 ; pKyy = 7,00 ; pK,y = 12,00
1. Sai s6 chudn di

Tai khu vyc di€m tuong duong thd nhét :

(Cxond
(C! {JA) tdl

(C‘XOH)CI

g = (6.64)

(CXOI-l)tdl -
(Cxoppq © Iwong kiém du so véi lugng cln d€ dat diém tuong
duong thd nhit

3 gdn di€m tuong duong c6 thé coi :
cC

Q

C—+C—0 (6.65)

(CH3A)tdl =

Phuong trinh tinh sai s chufn d& ciing duge thiét lap tuong
tu nhu cac truong hgp trén. :
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Chu ¥ rang, lugng kiém du XOH sé tuong tdc véi H A" d¢
tao thanh mét lugng tuong duong HAZ va thanh phén gigi han
~ etia he : H,A", H,0, HA? (C)

" Phuong trinh DKP :

| [H'] =+[OH") + [HA®] - Cyoy + 20AY] - (H,A]

Suy ra | '
Cxon ==([H'} - [OH]) +'CH3A(“11A1' + Zap- - aH3A) (6.66)
Bai i @pi- K ap - va A nén sau khi t§ hgp (6.66),

(6.64), (6.65) phuong trinh sai s6 c6 dang :

K, C+C,
9= —(h - ) <c toaggm Tay, (667
Cadc gia tri Opal= A3~ VA T A duge tinh theo (6.57), (6.58)
va (6.55).
KW
Trong trudng hop K,6 « I{az <h<x<K,;,h> e
thi phuong trinh (6.67) ¢6 dang. :
C+C, K, K _ —h?
Tai khu vﬁc di€m tuong duong thu hai
(Cxorpa
qg = m (6.69)

(Cxopaz 12 lugng kiém cdn cho d€ dat dung di€m tuong duong
thi hai.

Tai di€ém twong duong
(Cxora2
Tmax = (Cuphar = 3 va (Cxorr = 2(Cy Ahaz
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Bidu thic (6.69) tuong duong voi : .

g = Crxorda (6.70)
2(CH3A)!.€I2

Khi cho du XOH (C’) thi mdt phdn HAZ" s& tuong tac voi
XOH du d€ tao ra A>. Thanh phédn gi6i han :
| HA%, H,0, A*(C")
~ Phuong trinh DKP :
[H'} = [OH'] + [A*] - Cyoy - [H,AT] - 2[H,A)
: Cxon = ~(IH'] - [OH)) T Calapm ~ay s ~ 2ay )
T8 hgp vai (6.69), (6.70) ta 6 :

K,
' g = —(h -——),fzcsA z(aAa—-aHzA——ZzHSA)
O gin diém tuong duong
cC,
Cu e = 75 2C,
va phudng trinh sai s6 chudn d6 cd dang :
(€c+20)
qy = ~ (b — ) —5mn— + 5(@x—- = @ .-) (6.71)
It ( R ) 2CC, 2°A HaA

{col a & Qg = VA q,1— )
H,A H,A A

K
Trong trudsng hgp : Ky «<h <K, <K, vah« —= thi

h
phuong trinh (6.71) ¢6 dang don gian ;
K, (C+2C) (KK, —h
oy = Tw — o + 5 “2;“3 (6.71a)
o P

Théng thudng khong th€ chudn d6 dé&n difm tuong 'duang
thi ba vi K ; rdt bé. Trong trudng hgp cd the’ chufin d¢ thi
phuong trinh sai 88 cd dang

©+3C)
= = (b - z‘ TBCC, T 3HAT
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K
va bdi vi B « Tw {moéi trudng bazd) nén
K C+3C A
WS Beo - T SEARS (6.72)
) ( . a3)

Vi du 6.11. Danh gia pH tai cic diém tuong duong va sai
$0 khi chudn d¢ H,PO, 0,100M bang NaOH 0,100M dé&n

a) ddi mau metyl da cam tu 4o héng sang vang T, = 4,4
b) d6i mau phenolphtalein sang héng (pT, = 9,00
pK,, = 2,15 ; PK,, = 7,21 ; pK,, = 12,32.

 a) Tqi diém tuong duong thi nhét (48] mau metyl da cam)

K _+K °
2
HYy = | 22
1 K, CY
0,100
C = C, = 0,100 ; & = —— = 0,0500
2
’ 5.1079:21 a7
= = -4,71 = o
[H+]td1 = W = 10 thdl = 4,71 = pTI
K, o
K, « K, « hI <K, ih>» S
Ap dung (6.68) :
10—9,36 - 10—8,8
= =1 4.4 -
gy = -107%%20 + 0655 0,5%

Sai s6 Am vi pT, < pH,,,

b) Tqi diém tuong duong thit hai (d6i mau phenolphtalein)

+ Kw+Ka3C(2)

Hlay = \ —o o

1+K 13

co = % _ 0100
¢ T Cc+2Cc, 3
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) {2,6.10_14.3 o6

pHyy, = 9,66 = pTy

K,<h; <K, <K, vih«&-
Ap dung (6.71a) :

1 10-—19,53_10-—18
= 5 —_
gy = 1.107°.15 + 3 To-teal

= -0,8%
Sai 86 am vi pT}; < pH,4,

II - H8n hgp axit manh va da axit

1. Thudng phai chuin d¢ axit manh va nfc thd nhit cla da
axit vA sau d6 chufn d0 ti€p n#c thd hai cia da axit.

Ching han, so d6 chufn 46 hén hgp

HY C_,M va H,A C_,M bing bazd manh YA
XOH CM duge bi€u dién trén hinh 6.9, .

Phuong trinh phan dng chusn do Vi XOH
dén difm tuong duong I v,

HY + XOH — XY + H,0 XY + XHaA

H,A + XOH — XH,A + H,0

XOH

dén difm tuong duong II :

HY + XOH — XY + H,0 XY + XoHA

H,A+ 2X0H —X,HA+ 2H20 j
Hink 6.9. SO d6 chudn d§ hbn

pHI chinh la pH cta dung d;(‘.h hgp HY + H;A bing XOH
H,A™ + H,0 (theo (6.52)) va

_pH, chinh la pH cia dung dich HA*" + H,0 (theo (6.53))

Tit so d6 (6.9) ta thdy thé tich XOH d€ trung hda mét nfc
cia HAALBRV, =V, -V, va thé€ tich XOH d€ trung hda HY la

V=V, -V, =V -(,- Y =2V -V,
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2, Sai s¢ chudn 45

Chusn do dén di€m tuong duong thd nhat (thé tich XOH
tai diém dimg V)

. = Cxowa  (Cxowq 6.73)
' Cxodar Gy * Chadian '

Cxomha = (Cyy + CHjA)tdl' Néu coi V| = Va1 (di€m ding
gén di€m tuong duong)

C'VI (Col + Coﬂvo

thi VFV = ViV va sau khi t6 hgp ta co
] I a
CC, +Cp)
(Chyy + Cpp gy = et (6.74)
HY H, A td1 C+ Col +C°2

Thanh phén tai di€ém dimg chufn do :
XH,A, XY, H,0, XOH (C")

T phuong trinh DKP d6i voi he¢ H,A, H,0, XOH(C') ta
cung rut ra phuong trinh ,(6.66), va sau khi t§ hgp vé6i (6.73),
(6.74) ta cd phuong trinh sai s6 chuin 4o -

K, C+ CortCyy C,,

W= (AR Ty t Oy, G T ) 675)
_ K,
Trong trudng hgp K. <K, < hx K, va 5 X h ta

¢ phuong trinh cd dang tuong ty (6.68) : _
C+C, +Cy, Coo KyKy-— h?
C(Co +Cop ¥ CatCp K,k

.Sai 86 chufn d¢ dén di6m tuong duong th@ hai (th€ tich
XOH tai di€m ditng chufin do Vip

o = (Cxordd _ (Cxon- 647
T Cxoraz  Cuy +2CH3A '

(6.76)

ql=_h
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Tai diém tugng duong thi hai
Cxorhaz = Cuy * 202142

Néu di€m ding chufn do gdn v6i diém tuong duong
Vy = V! thi CV,; = (C + 2C 2)V va cd thé suy ra dé dang
C(COl +2C ,)

Chyy + 20, = s —5-—
HY Ha = C+C,,+2C,

(6.78)

' C'XOH duge rit ra tit phudng trinh DKP 4p dung cho hé Y-,
HA?", XOH(C")

(Cxopg = ~(H'T - [CHD + CHSA(aAa_' TOHAT T 2“1{3A') (6.79)
T& hop (6.79), (6.78) v6i (6.77) v chi ¥ ring ay, «
3

G A~ VA a,3- ta rit ra phuong trinh sai s6 :

K, C+C_+2C, Cyy

= _(h*T) C(Col+ 2C02). ¥ Col+2co2 (aAs_ B GHZA

K,

va khi K, «h « K, <K, ; b K T thi ta cd phuong trinh

don gidn cé dang tuong ty phuong trinh (6‘71a).
4 = {{_‘i (C + Cnl + 2("02) + CoZ KaZKaS -
1 R CC, +2C,) C, +2C, K h

a

-y (6.80)

(6.81y

Chid ¥ radng cdc phuong trinh (6.67), (6.75) déu cd 3 s8 hang
co ban : s hang tht nhét phan anh sy du H* hoic OH ™ so
v6i H,0, s6 hang thi hai phan anh phan HA? c6 mat do chudn
d6é qua va s6 hang thd ba phdn 4nh phfin H;A c¢dn chua bj
chuéin dé so v&i thanh phin "li tudng" tai diém tuong duong
(H,A™ + H,0). Tuong ty, céc. phuong trinh (6.71) va (6.80)
cing ed 3 s6 hang tuong tu, trong dd sé hang thi hai phan
anh phéan A3 c6 mit do chufin do qud, con s6 hang thy ba
phan 4inh phdn H,A” cbn du chua bi chuén d6 so vé6i thanh
phan "l tudng" tal diém tuong duang (HAZ + H ,0).
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D€ danh gia sai s8 chudn d6 cta ting axit riéng lé trong
hén hgp méi ddu cén tinh sai s8 chung q;, g;, réi tinh chinh
xdc néng do ting axit va sau d6 danh gia sai s6 tuong d6i cia
néng d6 did xdc dinh duge so vdi néng 46 chinh xie.

Vi du 6.12. D4anh gia sai 8 chuén d6 hén hgp HCI va H3P04.
Biét ring khi chu&n dé 100,00 ml! hén hgp dén pT = 4,40 thi
hé&t 45,00 m! NaOH 0,1000 M, con khi chufn d¢ dén pT = 9,00
thi hét 60,00 mi NaQH.

Nong do gén dung caa H,PO, :

60,00 - 45,00
Cpp = ConPO_t = 100,00

Néng do HCI :

.0,1000 = 0,01500M

45,00~ 15,00
Cat = Conar = 100,00

Cing nhu da xét trong vi du 6.11, & day cd thé 4p dung (6.76)

w0 01450 0,0150 10793610788
0,004500 ~ 0,0450° 10~ 655 -

= - 0,0021 « -0,2%

.0,1000 = 0,03000M

q = - 107%

Sai s6 am vi pT = 4,40 < pH , (4,71
Ap dung (6.81) :

0,16 _ 00150 107195310718
10,0060 0,060 10-16.21 -

Sai 6 am vi pT = 9,00 < pH,,, (9,66)

— -5
ap = 1,00. 10 - 0,4%

Thé tich chinh xdc NaOH céun thém d€ dat dén di€m tuong.
duong I va II 1a : ’

0,2
V) = 45,00 + 45,00 . o0 = 45,09 m!
V. = 60,00 + 60,00 . 2% — 60,24 ml
2= 100 T TR
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Néng d6 chinh xac cta céc axit :

60,24 — 45,09 _
Cupo, =~ 1o~ 0-1000 = 0,01515M
| 45,09 — (60,24 — 45,09)
Chey = 00 .0,1000 = 0,02994M

Sai s6 khi xdc dinh néng db I-I3P04 :
_ 0,0150 -0,01515

9upo, = Goisls 100 = - 1%
" 8ai s6 khi xdc dinh néng d¢ HCI :
0,0300 - 0,02994
fuc = T goz998 100 = ~ 0%
III - Da baza

1. Viéc chufin d§ cic da bazo bing axit manh dién ra ngugc
v8i qué trinh chufn d6 da axit bing kiém. XKhi ning chuén do
titng nfc phu thudc ti s6 giita cdc hang s8 phan li k& ti&p cta
axit lién hop.

Vi du v6i bazo A* (ldy duéi dang musi X,A)

KW
AY + H 0O =HA™ + OH- —
2 Ka3
. Kw
HAT + H)0 = HA +OH
a2
. Kw
AT+ HO0 = HA +OH o
K K K K K
W W w al al
Khi —— : : —— > 10* (nghiala — va — > 10
Ka3 Kaz Kal ( KaZ KaS )

thi ¢d th€ chufin d6 riéng ting néc cda da bazo v&i sai s6
khong qué 1%.

162



. z"{

o

Phuong trinh phadn dng khi chufin dé X,A bing axit manh
HY dén di€ém tuong duong thi nhét :

X;A + HY — X HA + XY
Thanh phan dung dich tai diém tﬁcng duong thi nhét cing

giéng nhu thanh phdn tai di€m tuong duong thd hai khi chuéin
d¢ axit H A bing XOH (chd yé&u 13 X, HA), vi vay

K +K . C°
hy = \’ L (6.85)
1+ K0

cC

o]

c+e,

vai C'i’ =

XH, A
4- Hz

HY 3 —

- i ., A
HyA " 3

Hirh 6.11. Dang duong chudn d6 X,A
bing HY (C = Co = 0,100 M)
(HsA pKgy = 2,05 pRyp = 7,0 ; pKy3 = 12,0)

Thanh phin dung dich tai diém tuong duong thd hai
(X3A + 2HY — 2XY +XH,A) gidng thanh phén tai difm tuong

Hinh 6.10. 50 36 chudn do
da bazo A* bing HY
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duong thd nhat khi chufn d6 H 2A bang XOH (cha y&u la

XH,A), vi vay
K _+K_, C§
hy = \I 22 (6.86)
1+K;1 €3
- cc,
voo G =evee

Né&u cdé khi nang chudn d6 ti6€p d&n nfc thit ba thi thanh
phdn dung dich 12 H;A. pH ctia dung dich duge tinh theo can
bing phan li caa axlt nay.

So d6 chuén do da baza A3 bang HY c6 bi€u dién trén hinh
6.10 va dudng chuan d9 trén hinh 6.11.

2. Trong thyc t& ta thudng gip trudng hgp chufn do Na,CO,
la mét da bazo hai nfc (CO%") vd 1& mudi cia axit cacbonic

H,CO, véi pK,, = 6,35 ; pK,, = 10,33
Ky

Kaz

khé cé thé vugt qui 1%. _
Tai di€m tuong duong thd nhdt : phuong trinh phan ng
chudn dé

=~ 10* nén do chinh xdc cia phép chuén d6 riéng ndc 1

Na,CO,; + HCl —» NaHCO, + NaCl.
Thanh phén dung dich : NaHCO,, H,O

‘ 32 K, +K,C°
Néng do ion hidro duge tinh gdn ding hy = _
1+ K1 C9

Khi €} khong qua bé (C > K,,, K, C7 » K) thi

al? 1

h = VK, K, = 10783

al a2
va pHll; = 8,34, do dd¢ cd thé dung phenolphtalein lam chi thj.

Tai di€m tuong duong thi hai : phuong trinh phan ing
chuin db

Na,CO, + 2HCl - H,0 + CO, + 2NaCl

164



&

Thanh phén dung dich : H,0, CO,, NaCl.

pH ctia dung dich duge tinh dya vao n&ic phan li thd nhat
clia axit cacbonic

H,CO, = H*+HCO; K

al
¢ G

= 10—6‘35

[1 &9 -4 R h
a1 do t = 3,0.1072M & 25° i
vai €5 » LCOZ (do tan }.'..CO2 3,0 ad 25°C) th

h2

- = 107635
3.1072 -4

pH; = 3,94, gid tri nay gdn voi chl s6 chufn d6 cia metyl
da cam. :

Phuong trinh dudng chudn d6 cing duge thist lap theo cach
tuong tu nhu trudng hgp chufn dé ciac da axit.

Ta xét trudng hop chuin do V m! Na,CO; C, M bing HCI
C M. Phuong trinh trung hoa dlen :

[H*] - [OH'] + [Na*] ~ [C17)-[HCO;] — 2[C027] =
2CV Cv '
(S s] CV oo
V+V, T VYV VHV, (@yco) +2acer) = 0

(6.87).
T8 hgp (6.87) ta cé phucng trinh dudng chuidn 46 & dang
tdng quat

[H*] -[OH"]+

. K,
CC:;, i .C[CO(Z ~aycop ~ 2acor) + (h —T‘")] 655

K
a 0 W
e (r-%)]
Tai diém tuong duong thd nhdt CV = C,V, do do

Vi1

tdl T v,

a

P =

=1 (6.89)
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Tai di€m tuong duong thdt hai :

cv
td2 )
5 = cV,, dods

P = Yz _ 2 (6.90)
w2 = E v :

Sai 36 chu#n 46 :
Tai di€m tuong duong thd nhit (tac thanh NaHCO,)

g = (Cheda :  Cucdd . (6.91)
' Cuchar (CN82C03)1(11 '
COVO

(CI\,&ZC();)“11 = VITV (coi di€m ditng gén di€m tuong duong,
Q
Vi = Vig) va
cc

o]

(C Yeut = T (6.92)
Na,CO./1dl | C +CD
Thanh phén tai di€ém ding chudn d¢ : HCO;, HCI (C), H,0
Tit phuong trinh DKP
[H*] = [OH7] + [CO37] - fH?CO:’.] + C
Cye = [H*] = [OHT] + (a

HCI
HCO, ~ acoi_) CNa2003 (6.93)

Phuong trinh sai s chufn d6 nh4n dugc sau khi t6 hgp
(6.92) ; (6.93) v6i (6.91)

Kw C+Co
g = (h - T) C—Co + aH2C03 - acog-— {6.94)
hosc
K, C+C, h?-K, K.,

W
= (h-— + (6.94a)
= 7 ) CC, R +K,h+K, K,

Tai di€m tuong duong thd hai (tao thanh H,CO,)
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q _ Cucdd Cholg
T Cuchaz @naco)az
cC

8]
N52C03)_ld2 =T+ 2C,

O day, (C

Td thanh phéin tai diém ding chuin do : H,CO, H,0,

¥
C HC]

ta ¢ phuong trinh DKP
[H*] = [OH7] + [HCO;] + 2[CO}7] + C'yq
ta cd Cye = (H] - [OH7] ~ (@uco; + 2cor™) Cnaco,
K, C+ 200 1
"_) ~“26¢ ~ 2 (%uco]
R ) 20C, T2 ;
K, C+2C,

hoa. A 1 Kalh + 2KalKa2
odc = - 5 -3
' G ( hj 2CC, 2 p+K h+K, K,

va gy = (k- + 2a0027)  (6.95)

Vihk>» K, >» K, > K, nén :

C+2C K
o 1 *m
m=hgEe T2 R (6.952)

COVO

Trong trudng hgp khi CNazco = vy >
} o

-2
LCOz (3.107-M) thi
ta co :
K C +2()(J _ Lcoz(C-FZCo) Kal

W

w=(*~ %) Zec, acc. " h (&9

o]

Vi dy 6.13. Danh gis sai s§ chufn d§ Na,CO; 0,100M bang
HCl 0,100 M

a) dén pT 8,00
b) dén pT 3,60
(H,CO, pK,, = 6,35 ; pK,, = 10,33)

H
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a) A'p dung (6.94a)

1010 0,200 . 1.10716 1 10716,68 _ 179y
= Y 0,0100 ' 1 107164 1071435 + j0-16,68 ~

Sai s6 duong vi pT; < pH,,, (8,34), mac ddu sai khdc chi
0,34 don vi pH.

0,1

b) Ap dung (6.95b) (A > K, » K, Cnaco,= 3~ > Leo)

2 !

. 1036 %1+02 3.1072.038 10763 _
) 0,02 002 1955 =

= 0,00297 = 0,3%.

Sai 8§ duong vi pT; < pH,,, (~ 4)

RS rang viéc ding metyl da cam lam chi thi cho sai s6 bé
hon.

Trong thuc t€ ta thudng gap trudng hgp khi phai chugn do
hén hgp dung dich NaOH c¢6 lin Na,CO,.

0 day thudng gap hai trudng hop : chufn d0 hén hgp-
NaOH + Na,CO; bang HCl va chufin d¢ HCI bang NaOH cd
l&n Na,CO,.

3. Chudn 46 hén hop NoOH + Na,CO, biing axit manh
Vi dy, chudin d¢ hén hgp NaQOH va Na,CO, bﬁng axit manh
Chaoa = Co M ; CN32C03 = CM; CHCI = CM.

Méi ddu chudn d6 h&t NaOH va sau d6 hét nédc 1 cda Na,CO,.
Tiép theo chufin d6 ti&p cho hét nfic thd hai cia Na,CO,. So
" dd chufn dé cd cho trén hinh 6.12.
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w2

T két qua chudn do
(diing phenolphtalein dé&
xdc dinh di€m tuong

dugng 1 va ding metyl NaQH+Nach3 ] i

da cam xac dinh di€m

tuong duong 2} cd thé v,

d{z‘mh gia ké&t quA phéan HC

tich :
%~ ¥ H) = 8,34 [ NaCHNGHCO, I+ | V.
Ci2v, - V,} el Y

c = "

NaOH vy (PH)z = 3,94| NaCHH,CO, L

Phuong trinh tinh saj

s6 clng tuong ty nhu Hinh 6.12. S0 d6 chudn do hén hop
trudng hgp chuin a9 NaOH + NaxCO3 bing HCI
Na,CO, bang HCI, chi cd Co1 = Coz = C = 0,100M

khac thia s8 néng 40 &

cdc s6 hang. Tai khu vuc gén di€m tuong duong thd nhit :

Kw C+ Col+ Coz Coz

={p— — + - -) (6.96
& ( A ) C(C,+C,) C,+C, (‘“I—[ZCO3 aC0§ ) )

hoic
Kw C+ Col + C . Coz h? KaIKaz
W= TR ClCc.+C C +C_, (6.962)
( ol 02) o2 +K h+Ka1Ka2
Tai khu vuc gin di€m tuong duong thd hai :
K, C+C_ +2C, C,,

= {(h - = -+ -) (6.
w= (b= (c, +2c.'02) " ¢, +20,, @0 T enco)) (697)

C+C  +2C,, C K

hoa = h e
oac n=""c@c+2cy T C +iC,

{6.97a)

va khi  Cyyco, > Leo, (8- 1072
3 2
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C+C, +2C,, c+C, +2C, K

al
=h v — L A TAA o
i C(C,, +2C ) ~ ¢ €(C,+2C,,) h
i
Vi du 6.14. Chudn d6 25,00 m! hén hgp NaOH + Na,CO,
bing HCl 0,1000M dén m#At mau phenclphtalein (pT = 8,00)
thi phai dung 20,06 m! HCl. N&u ding metyl da cam (pT = 4,0)
1am chi thi thl phai dung 25,08 mI HCI.

Tinh chinh x4c néng d¢ cia mdi chét trong hén hop va sai
s6 méc phai khi ddanh gia gin dung.

(6.97b)

Nong d6 gdn ding cta mdi chdt trong hén hogp
(25,08 — 20,06)0,100

CNaZC03 = Corn = 25,00 = 0,b02008M
— _ (20,06 -5,02)0,1

Sai s6 chufn 4o

Theo (6.96a} :

018024 002008 _ 107-1071668
0,008024 ~ 0,08024 j0-164 1014354 10=1668

g,= = 1,0107°

= 0,43%
Theo (6.97a)

0,20032 _ 0,02008 10763
*0,010032 ~ 0,10032° 1 10-4

= —4 —
gy, =1.10 = 0,11%

Thé tich chinh xdc cia HC! cdn d€ chuf#n d6 dén cdc didm
tugng duong I va II :

20,06.0,43

V, = 20,06 - = = 19,974ml
25,08. 0,11
Vi = 25,08 - —ro— = 25,052ml
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Nong d¢ chinh xdc cla méi chat :
25,052 - 19,974

Cnaco, = 35,00 0,1000 = 0,02031M
19,974 — (25,052 - 19,979

Sai 6 d6i v&i mbi chat :
0,06016— 0,05958

Inaon = ~—g ggang 100 = +0.04%
_ 002008002081 . .
Inaco, = T 502081 =-1L

4. Chudn 4¢ axit manh bing dung dick chudn NaOH cé lin
Nﬂ2C03 ) .

Trudng hgp thuong gip trong thuc t& khi mét phdn dung
dich chudn NaOH bi hdp thu 002 v do d6 ¢d chda mét lugng

Na,CO;. Ching han, khi chufn d¢ V_ ml HCI n6ng do6 C_ bing
dung dich NaOH C; M cd lin Na,CO, C, M.

Khi dung phenolphtalein lam chi thi (pT = 9) phuong trinh
phén dng chuin d6 :

NaOH + HCl — NaCl + H,0
Na,CO,; + HCl — NaHCO, + NaCl

PK, + pK '
pH,yy = ———5— = 8,34 = pT, (= 9,0).
Sai s6 : |
(Chcdg
q = — s (6.98)
: (CHCl-)tdl
Tai di€ém tuong duong : CV, = (C, + C}V 4, = (C, + C)V,
vV, € +C,
Suy ra : ?I = C. .
Coy = CVy  CfC+Cy) €99
HOVMal & v +y  — C +C +C, _ )
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(,é'
Thanh phén tai diém ditng chudn d$ : NaHCO, , H,0, HCI
(C") {coi todn by CO, sinh ra duge git lai hé&t trong dung dich)
Che = [HY1 = [OH] + [H,CO,] ~ [CO5T]  (6.100)
T3 hgp (6.100) vai (6.99) va (6.98) ta co

K, C+C+C G

=—{h—- + A2— — Gy} (6.101)
%=~ n) C(C+C) ~ C+C, (@co? H,c0,)
K
W
h « e nén :
K,6C +C +C, C, K, K,~h

= -2 ¥ (6.101a)
hT R CC +C,) T +C, Rz +K h+K, K,

Khi ding metyl da cam lam chi thi (pT = 4,0} tai diém
ding chuin d¢ :
NaOH + HCl — NaCl + H,0
Na,CO, + 2HCl — H,0 + CO, + 2NaCl
Ciang nhu trén

Cuckd
Qi = — s (6.102)
t Chcdaz
CV, = (C; + 2C)V,,, = (C; + 2C)V);
| C(C,+2C)) .
va Cochas = € ¥C, ¥, (6.103)

Cye = H'T~ [OHT] - [HCO;] (coi [COJT] « (HCO7D) (6.104)

T6 hop (6.102), (6.103) va (6.104) ta. cd :

K, C +C +20C, c,
w =~ (k- %) Troracy T ag Cuco; (6105
AC) 2) 1 2 3
Kw
R > Kal - T nén
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C,+C +2C, - C, K,
= — . + S — .
In " TiC +2C) T e, A (6.1052)

Vi du 6.15. Chufin dé 100,00 m! HCl bing NaOH 0,1000 M

da cd 20% s mol hip thu CO,, ding phenolphtalem lam chi
thi (pT = 9,00) hét 50,05 mi{ NaOH.

a) Tinh néng d6 HCI néu coi NaOH hoan toan nguyén chat

{(tinh gin dang va tinh chinh xac).

b) Tinh néng d6 HCIl cd k& dén su hﬁp thu CO, ciia NaOH
(tinh gén dung va tinh chinh x4c)

¢) N&u ding metyl da cam lam chi thi (pT = 4,40) thi thé

tich NaOH tiéu thu s& la bao nhisu ?
a) Néng do HCI
Tinh gén ding :

0,100. 50,05
(COTN)HC] = —W = 0,05006M
Sai s6
K C +C -
g w0 s 0,15005 .
¢=-(k-5) cc. = 11075005005 = 310

Néng d¢ chinh xdc cua HCI :

Concr = 0,05005 - 3.1074.0,05005 = 0,05003 M.

80
b) Cnyon = €; = 0,1000 750 = 0,08000M
C = C, = 0,1000. 20 1 = 0,01000M
NaCO, = 2 100" 2 ’
(0,08000 + 0,01000/50,05
(Corduct = 100,00 = 0,04505M
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Ap dung (6.101a)
0,18505 0,01
"4,055.1073 0,09
10—16,68_ 10—18

Sai s§ gq = 1.1077

X 018 4 10-1535 5 (o168 ~ 0O%
0,5
Ciycy = 0,04505 — 0,04505. 755 = 0,04482

Nhu v4y viéc tinh gin ding khi coi NaOH hoan toan nguyén

. 0,05003~ 0,04482 B
chidt mic sai s6 0.04482 .100 = 11,6%

¢) Thé tich NaOH cén d€ dat d&n diém tuwong duong khi
Na,CO; phan dng hoan toan véi HCI

100.0,04482
0,08 +0,02
Sai s6 chufn do khi ding metyl da cam lam chi thi.

Ap dung (6.105a) ta duge :
0,14482 . 0,0100 107635
10,004482 ° 0,1000° o944
Thé tich NaOH tiéu thu khi ding metyl da cam 1am chi thi :
0,02. 44,82 '
100

Qua viéc tinh todn & trén ta thdy khi dung dich NaOH tiéu
chuéin bi bdn bdi Na,CO, thi vigc thigt lap d¢ chuén cia dung
dich HCI dung pheno?lphtalein lam chl thi, cho k& qua méc sai
s6 l6n hon nhiéu khi ding metyl da cam lam chi thi.

V= = 44,82ml

V = 44,82 — = 44,81 ml

§6.6. UNG DUNG CUA PHEP CHUAN DO
AXIT - BAZO

I - Pha ché& cde dung dich chuén axit

Dé ti¢n hanh dinh lugng axit — bazo phai ¢ cdc dung dich
chufin axit va kiém da c¢d néng 46 chinh xdéc. Néng dé cia cdc
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axit va kiém chufn dugc thiét lap hodc duge ki€m tra dua vio
cac chdt chufn gée. Cac ch&t nay la nhitng axit hodc bazo
nguyén chdt (ddn chdt hoic hgp chit) bén, khong bi phan
hay khi bdo quan, khd hdt &m, d& tinh ch& va dé kim tra do
tinh khiét bang céc phuong phdp phén tich héa hoc don gian.
Ching phai tham gia phan dng chufn d6 theo ding quan hé
hop thic. Nén chon chdt cd duong lugng 16n d€ han ché& sai
s6 khi can.

Duéi day sé xét cdch pha ché cdc dung dich chuﬁn axit, kiém
va cach chuin hda ching.

- 1. Dung dich chudn axit

Thudng chon dung dich axit clohidric lam dung dich chufn
axit. C6 th€ pha ché€ dung dich chufin axit ndy t& moét lugng
can chinh xdc axit clohidric ddng phi. Axit nady dugc cdt ti
dung dich HCl loang (-~ 6 M). Sau khi khodng 3/4 lugng axit
lic dfu di bi cAt di thi hing lfy phin c4t tip theo cho dén
khi trong binh c4t chi con dé 50 - 60m! axit (voi téng s6 thé
tich axit ldc ddu 1a ¢& 1 lit). Ghi dp sudt trong thdi gian cdt
(doc dén 1mm Hg) va tit Ap sudt suy ra thanh phdn cda axit
trong hén hgp theo baAng sau day :

Béng 6.5
Thénh phiin cia axit clohidric dfng phi
Ap sudt, Néng 49 % ciia HC! (can Kh6i lugng phin cft HCI
mmHg -trong chan khong) chita 1 mel HCH

(can trong khi quyén)

730 20,293 179,551
740 20,269 179,766
750 20,245 179,979
760 20,221 180,193
770 20,197 180,407
780 20,173 180,621
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2. Pha ché dung dich HCl I M

Tinh lugng can HCl dang phi phai can d€ pha ché duge
0,500 lit HCl 1M. Can chinh xdc dén 0,0lg mét binh hinh ndn
250mi, khé, ed nit nham. Thém cfin thén lugng axit cdn phai
18y vao binh, tranh diy axit ra miéng binh. Can lai binh sau
khi d& -nit cdn than. Tinh chinh xdc khéi lugng axit da 1&y.
Thém 100m!I mudc cit vao binh va chuyén toan bd dung dich
thu duge vac binh dinh mic 500m!i. Trang binh hinh ndén va
chuyén vao binh dinh mnic. Thém nuédc dén vach midc sau khi
git cho nhiét d¢ duge can bing. Tréon déu, chuyén dung dich
vao binh chia cé ndt nhdm va ghi nhan.

Néu khong cd axit dédng phi thi c¢d thé pha ch€ tir axit
HCI dae, tinh khist phan tich (p.a) ¢6 tl khéi da bist (ndng do
cdc axit nay c¢¥ 12M). Dung ¢6ng dong ldy mot thé tich da
tinh trudec dé pha ché& duge 0,5 Ht HCl 1M theo cich mé ti &
trén.

3. Pha ché dung dich HCL 0,IM va 0,0IM

Dung pipet 50 ml chuyén axit HCl 1M & trén vao binh dinh

muic 0,5 lit v2 pha loing vdi nudc dén vach mdc. Lac déu va
chuyén vao binh chdia. Ta ¢d dung dich HC] 0,1M.

Dung dich HC! 0,01M dudc pha ch& bing cach pha lodng
HCl 0,1M nhu trén.

4. Chudn héa ndng dé dung dich HCl

D& chuéin hda thudng dung cac chét gdc bazg : borax, natri
cacbonat, natri oxalat, thuy ngan (II) oxit

Borax, Na,B,0..10H,0 la chit gdc kha thang dung vi d& tinh
ché’, ¢6 khdi lugng duong lugng 1én (190,72).

C6 thé tinh ch& dé dang bing cach lam két tinh lai hai ldn
td nudc cit va lam kho6 d&n khé&i lugng khéng déi trong binh
lam kh6, nap dung djch bioc hda NaCl va duitng, hoac dung
dich bao hoa NaBr.2H,0.
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Khi chuén d6 dung dich borax bang HC! thi xay ra phin dng
BO?~ +H' = HBO; 10°

[

- + ‘nd
. HB,O; +H H,B,0, 10

2
H,B,0, + 5H,0 = 4H,BO, 27.10

|

2 + — - 15
B,O;” + 2H” + 5H,0 = 4H;BO; KX = 2,710
Phén dng xiy ra coi nhu hoan toan.
Tai diém tuong duong trong dung dich ¢é H,BO,

H,BO, = H* + H,BO; - K, = 5,75.10710

D&i véi dung dich H,BO, 0,1M thi pH = 5,1 gdn trung voi
pT cta metyl dd, vi viy metyl dé 1a ch&t chi thi r4t t6t. Co
thé diung metyl da cam- lam chi thi nhung khi chuin do via
dén xuft hién mau khic v6i mau cha dung dich ch&t chi thi

trong nudc, thi sai 8 méc phai la 0,07mI HCI 0,1M trén 100m!
dung dich.

Phuong phép chudn héa. Tinh lugng cén Na,B,0,.10H,0
phai 14y sao cho khi hoa tan vao nudc va chudn do bing HCI
0,1M thi th€ tich axit tiéu thu khéng vugt qua 25mi. Can chinh
x4c (dén 0,1mg) lugng cAn da tinh cho vao binh hinh ndn 250m1.
Thém d6 50mi nude cit. Lic dé&n tan hét mudi. Thém 1 - 2

giot chi thi metyl d® vA chufn d6 dén chuyén mau tu vang
sang héng da cam.

Cing cé thé can lugng borax du d€ pha duge 0,5 lit dung
dich 0,1M réi hoa tan trong mot {t nuéc c&t va sau ddé chuyén
vao binh dinh midc 500ml. Trang c6c nhiéu ldn va chuyén vao
binh rd8i dinh muc. M6&i 14n chuiin dd cdn 14y chinh xdc 25m!
dung dich borax bang pipet va chufn d6 bing HCI nhu trén.
Nairi cacbonat Na,CO,, dé tinh ché, ré tién, vi vay dugc dung
kha phd bién. D& dudi hét NaHCO,; thudng cdn sdt lai trong
héa chét, can phai nung Na,CO, 1én 260 - 265°C. Nhuge digm
clia Na,CO, la dé& hit £€m. Khi sy & 200°C trong nita gid o6
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thé dufi hét nuéc hip phu. N&u nung qua 300°C thi cd thé
x4y ra qud trinh phin huy cacbonat thanh CO,,. '

Nhu da thdy 6 muc §6.5 néu chuéin do Na,CO4 bang HCl
dén mit mau phenolphtalein thi sai s6 dudng méc phai kha 16n.
Khi chudn dd theo metyl da cam thi gip khdé khan do & gén
di€ém cudi chufin d6 tiy theo mudc dé khufly tron ma mat di
mot luong CO,. Mit khac, mau cha chit chi thi trong dung
dich bdao hoa khi CO,, r4t nhay véi néng d6 mudi NaCl va ndi
chung, mau chi thi cang thién vé mau dang axit khi néng do
mudi cang lén. Vi vy ta sé thdy su d6i mau chi thi xay ra
s0m hdn so v6i i thuyét. D€ nang cao d6 chinh xic chudn do
thudng ding cac bién phdp sau :

a) Chudn d¢ khi cé "binh déi ching". Chuéin bi mot "binh
déi ching” dung dung dich ¢ thanh phdn y hét nhu thanh
phdn dung dich chufin d¢ tai di€m cufi chufin d¢ (dung dich
NaCl duge béo hoa khi cacbonic chda chi thi metyl da cam).

Chudn d¢ dung dich Na,CO, bing HCl cho dén khi mau
dung dich giéng mau cia "binh d&i ching".

b) Dubi CO, khi chudn d¢. M6i ddu chufin d6 dung dich
Na,CO, d&n d6i mau chi thi metyl da cam (& day vén chua dat
téi diém tuong duong). Sau khi dun s6i dung dich 2 phdt thi
dun cdch thiy 15 phuat vita dun vita lic d€ dudi hét khi CO,.
Lam lanh dung dich r8i tiép tuc chuin d6 cho t&i khi mau cua
dung dich khdc v&i mau ctia dung dich nude cia chit chi thi.

Ngoai ra cd th€ dung phuong phdap chuin d6 véi hai chdt chi
thi phenolphtalein vA bromcrezol luc, cho k&t qua tét.

II - Pha ché& cie dung dich chufin kiém

1. Dung dich chuan kizm

Mic dédu cé thé dung cac dung dich natri, kali, bari hidroxit
lam dung dich kiém chufin, song ph§ bién vidn 13 dung dich
natri hidroxit. Bsi vl NaOH tinh khiét phan tich vdn chda cac
tap chit, trong dé ddng chd ¥ la nude, cacbonat. Vi vay, ngudi

-~
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ta khong diéu ché& dung dich
NaOH bang cich hoa tan mot
luong cén chinh xdc hda chit
trong nudc, ma phai pha ché&
duge dung dich NaOH khéng
chia cacbonat va sau dd thist
lap dd chuan dung dich theo
mot chat gbe thich hgp.

Cd nhiéu cach pha ché&
dung dich NaOH khong chda
cacbonat. Phuong phdap don
gian la pha ch€ dung dich
NaOH dam dac. Trong céac
dung dich nay dé tan ctia
Na,CO, rit thdp. Vi du, do , |
tan clia Na200 trong dung PN W N L N W L L N LN |
dich NaOH 52,1% & 20° cing
bdng do tan trong dung dich gk 6.13. Binh dung dung dich NaOH va
NaOH 53,3% d 25°C va hoan buret c6 thi€t bj bao vé chdng COa.
toan khong ding ké&.

Dung dick NaOH d4m dac dugc pha ché theo ti l¢ khéi
lugng NaOH : H,0 = 4 : 5 va dung trong binh polietylen hoic
binh thuy tinh ¢6 trdng parafin. Sau khi d& ling (d€ yén do 1
ngay 1 dém), ngudi.ta liy lugng cdn thist dung dich trong & _
trén vad pha bdng nudc cdt da dun sdi d€ ngudi dé pha ché
thanh dung dich ed néng d6 cén thiét. Trong qui trinh pha ché
vA bac quan phai 4p dung moi bién phip dé phong su hdp thu
khi CO, tit khi quyén. T6t hon 13 dung dung dich NaOH trong
binh cd voi thong v6i buret va ndi voi 6ng bao vé dung véi téi
xGt hodc ascarit d& "chéng" CO, (hinh ve 6.13).

2. Pha ché dung dich NaOH IM

Céan nhanh khoadng 40g dung dich NaOH dac {1 : 1) trong
binh hinh nén 100m! va sau d6 chuyén nhanh vao binh dinh
muc 500m! réi pha loang bAng nudc c4t da dudi CO,. Trén déu
vi cho vao binh chda cd thiét bi bao vé chéng CO
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Cac dung dich 0,1M va 0,01M duge pha ché tit dung dich
1M bang cach pha lodng.

3. Chudn héa dung dich NaOH

D& chufin hda dung dich NaOH thudng diing cdc chdt gdc
axit : axit oxalic, axit benzoic, kali hidrophtalat, kali hidrotatrat
V.V...

Kali hidrophtalat C.H,(COOH)COOK, dé tinh ché&, tan dé
trong nude, khéng hit &m khi bdo quan. Tinh ché& bang cach
lam ké&t tinh lai 2 18n tit nudc nguyén chdt, sy mubi thu duoe
& 125°C. .

D€ chudn héa NaOH cdn chufn d6 dung dich kali hidrophtalat
bang dung dich NaOH dén ddi mau phenclphtalein.

Axit benzoic CH,COOH it tan trong nuée, tan trong rugu.
Cén s0 gam céin thi€t axit benzoic, hdoa tan trong 20m! rugu
(da dugce trung hoa trudc bing NaOH, duang phenolphtalein 1am
chi thi) réi chufn d6 bing NaOH dé&n ddi mau phenolphtalein.

Axit oxalic H)C,0,.2H,0 duge tinh ché€ bing cich 1am két

tinh méi ddu ti dung dich HCl 3 - 4M va sau dé tit nubc cét.
Lam khé sin phdm trong binh lam khé nap CaCl, khan hoac
H,50, dac & 60°C va sau d6 d€ can bing hoi nuéc bing céch
cho phoi trong khéng khi hodc bido quan trong binh lam kho
nap NaBr rdn trong dung dich bio hda (dd6 m 60%).

Chuén dé dung dich axit oxalic bdng dung dich NaOQH, dung
phenoiphtalein lam chi thi.

Ngoai cic chit trén ngudi ta cdn dung kali hidroiodat KH(I10,),,
kali hidrotatrat, axit sunfamic HSO,NH, v.v. 1am ch4t chudn gdc.
I - Cée vi du thuc hanh chufin do axit - bazo

1. Chufin 46 axit manh béng kitm

Dung pipet hit chinh xdc 25,00m! dung djch HCl (0,100M)
vao binh eclen. Cho dung dich chun NaOH 0,1000M vao buret.
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a) Chufin do axit bdng NaOH l4n lugt ding céc chét chi thi
khac nhau : metyl da cam, phenolphtalein, metyl d3.

Quan sit sy déi mau trong mdi trudng hop chudn do.
S0 sanh cdc thé tich NaOH da ding.

b) Lam thi nghiém theo thu tu nguge lai : chudn do 25,00 m!
NaOH bang HCl. Quan sit su d8i mau cia mébi ch&t chi thi.
Ghi thé tich axit chufn da dung. Nhan xét

2. Chudn d¢ don axit yéu bing kitm
Dinh luong axit axetic bang bdng dung dich NeOH.

Can chinh xéc khéi lugng mot binh hinh nén 50m! ¢é nit
nham khé, sach. Diung pipet iy cdn th&n 2 - 2,5m! dung djch
axit axetic bang cho vao binh hinh ndén. D4y ndp lai. Can chinh
xdc lai va tit dd tinh khéi lugng axit axetic bang di can. Thém
dé 20 - 30ml nude c&t vao binh, lac déu va chuyén todn bd
dung dich vao binh dinh mic 500 m{. Pha lodng vdi nudc. dén
vach va lic déu.

a) Chudn do 25,00 m! dung dich axit thu duoe v6i dung dich
NaOH chuén l4n lugt ding cdc chdt chi thi metyl da cam, metyl
d4, phenolphtalein.

Nhan xét s¢ d8i mau cla ting ch&t chi thi va ghi thé tich
NaOH da dang d8i v4i mbi trudng hgp. Giai thich.

b} Lap lai phép chudn d¢ 5 14n khi dung phenolphtalem lam
chi thi. Tinh két qua chuin d6 : CCH cooH £ oos

Tinh ham lugng % cla axit axetic trong mAu axit axetic
bang.

3. Chudn 45 don bazo bdng axit manh

Dinh lugng amoniac bdng HCI

a) Chudn 49 25,00 m! dung dich NH, (C = 0,056 M) bang
dung dich HCl 0,1000 M, dung cdic ch4t chi thi metyl da cam,
metyl d6, phenolphtalein. Nhan xét sy ddi mau cia tiung chat
chi thi. Ghi th€ tich HCl d4 ding d6i v6i méi trudng hop chudn
d6. Giai thich.
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b) Lap lai 3 ldn phép chudn d6 diing metyl d6 lam chi thi.
Tinh néng 46 mol cia NH,.

4. Chudn dé da axit
4.1. Chudn d¢ axit photphoric

a) Dung pipet 14y 25,00 m! dung dich H,PO, (C = 0,05M)
vao binh hinh nén. Thém 1 - 2 giot metyl da cam. Chudn d6
bing dung dich NaOH 0,1000M dén khi xuft hién mau vang
cia chdt chi thi (pT = 4,4).

b} Thém 2 - 3 giot chi thi phenolphtalein vao dung dich thu
dudc & trén va tifp tuc chufn 46 dén xuft hien mau d6 cia
chit chi thi (pT = 10).

So sanh thé tich NaOH tiéu thu trong hai lan chu&n d6 va
giai thich. Tinh néng d¢ mol cia H,PO,.

4.2, Chudn d¢ hén hop axit clohidric va axit photphoric
Chya = CH3P04 = 0,03M)

a) Dung pipet 18y 25,00 m! dung dich hén hop cdn chufn do
vao binh hinh nén. Thém 1 - 2 giot chi thi metyl da cam.
Chuéin d6 bang dung dich NaOH chuén 0,1000M d&n d8i mau
chi thi tit d6 sang vang (pT = 4,4). Ghi s5 doc thé tich vimi
cia NaQOH dia diang.

b) Thém 2 - 3 giot phenolphtalein vao hén hop & trén va

chudn d¢ ti€p tuc bdng dung dich NaOH dé&n xu#t hién mau d6

cta chét chi thi. Ghi 6 doc thé tich V,ml cia NaOH da dung.

Lap lai thi nghiém 3 ldn va 14y trung binh cic két qua thu
dugc.

Giai thich noi dung thi nghiém. Tinh néng d6 mol ctia HCI
va H,PO, trong hén hop. Tinh sai s§ chuin d¢ déi vai tiung axit.

5. Chudn dé da bazo

5.1. Chuén dé Ne,CO,; bang HCI

a) Diang pipet lay 25,00 mI dung dich Na,CO, (C ~ 0,05M)
cho vao binh hinh nén. Thém 1 - 2 giot phenolphtalein. Chusin
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dd bang dung dich HC] 0,1000M dén ddi mau ch4t chi thi giéng
v8i mau cua dung dich "binh déi ching” (gébm 50m! durig dich
NaHCO, 0,03M va 1 - 2 giot phenolphtalein).

b} Thém 1 - 2 giot metyl da cam vao hén hgp thu duge.
Tiép tuc chudn d¢ bing HCl dén xudt hién mau héng cua chi
thi. Dun s6i dung dich 1 - 2 phdt. Lam ngudi. Thém cén thén
titng giot HCl dén xuAdt hién mau héng cta chdt chi thi.

So sanh thé tich HCl da tidu thu trong hai l4n chudn do.
Tinh néng d6 mol cia dung dich Na,CO,.

5.2. Chutn 6 hn hop NaOH +Na,CO; Cyyyy = Cny, co,= 0030M
2

a) Dung pipet 14y 25,00 m! dung dich cdn chudn 4 vao binh
hinh nén 250m!. Thém 1 - 2 giot phenolphtalein. Chudn dé
bang HCl 0,1000 M dén xudt hién mau gidng mau cta "binh do1
ching” NaHCQ, (nhu trong thi nghiém trén).

b) Thém ti€p 1 - 2 giot chi thi metyl da cam va ti€p tuc
chudn d¢ nhu trong thi nghiém dinh lugng Na,CO, & trén. Ghi
thé tich HCl da dung trong 2 ldn chudn d6. Lap lai cac thi
nghiém a) va b) 3 lan r6i tinh néng d6 mol cta NaOH va
Na,CO, trong hén hgp.

5.3. Chudn d6 hén hop Na,CO; + NaHCO,

Can 1,6 - 2g mau, hoa tan v& chuyén vao binh dinh muec
2560ml. Pha lodng véi nudc dén vach.

a} Dung pipet 14y 25,00 m! dung dijch. Chuén d6 bing HCI
0,100M dé&n ddi mau chi thi metyl da cam tif vang sang héng.
Dun sbi dung dich 2 phit, 1am nguti. Tiép tuc chufin do bang
HCl dén mau héng cha chat chi thi. Ghi thé tich V\m! cia HCI
da dung. Tinh t8ng nbng d§ mol cia Na,CO, va NaHCO, trong
dung dich.

b) L&y 25,00mi! dung dich phan tich. Thém 1 - 2 giot
phenolphtalein. Chudn d¢ bang dung dich HCl dén xuft hién
mau gidng véi mau cia "binh d&i ching" gém mot thé tich dung
dich NaHCO, giéng nhu thé tich tai di€m cudi chuin do va

183



néng d6 NaHCO, bang tng néng dé mol cla NaHCO, va
Na,CO, trong h6n hgp da xdc dinh & trén. Ghi thé tich V ml
cia HCl Lap lai cdc thi nghiém trén {t nhit 3 l&n,

Can cd vao céc gid tri trung binh thé tich HC] da diung, tinh

 ham lugng % cha Na,CO; va NaHCO, trong hén hgp phan tich.

i84

1
2
3
4,
5.
6
7
8

10.

11.
12,

IV - Hdéa chét (diing cho thie hanh chufin dé axit - bazo)

HCI 0,1000M

NaOH 0,1000M

NH, 0,05M

CH,COOH biang hodc dung dich 0,05M
H,PO, 0,06M

HCl 0,02M + H,PO, 0,03M

NaOH 0,02M + Na,CO, 0,03M

Na,CO, 0,03M + NaHCO, 0,02M
hoac Na,CO, va NaHCOQOj, rén.

Metyl da cam : dung dich 0,1% trdng nudce

Phenolphtalein dung dich 1% : hda tan 1 gam ch4t

chi thi trong 60m! rugu va pha lodng v6i nuéc thanh
100mi

Metyl d6 : dung dich 0,1% trong rugu 60%
Binh d6i ching : dung dich NaHCO, 0,03M.

CAU HOI VA BAlI TAP

Hiy cho bi€t' cd khi ning chon nhilng chdt nao irong s6 cic chét chi thi sau
day : metyl da cam, metyl do, phenolphialein. cho cac trudng hop chuin d¢ sau :

a) Chun 40 HCI bdng NaOH (Cyey = Cpyon = 0,100M)
b) Chudn d9 HCOOH bing NaOH (Cheoom = Cnaor = 0, 100M)
) Chufin do NH, bing HCI (Cn, = Crior = 0.100M)

(Sai s6 cho phép * 0,1%).



2. Xac dinh chi s6 chudn 46 cia metyl da cam khi chuin do
a) HCI bing NaOH
b} NaOH bing HC)
3. Ve dang dudng chuin ¢ khi chuidn do
ay HCl 0,100M bing NaOH 0,100M
by HCl 0,0100M biing NaOH 0,0100M _
4. V& dang dudng chudn d6 khi chudn do axit HA bing Na(H
(Cya = Craon = 0.100 M)
1) pK; = 5,00
b) pK, = 8,00
5. V& dang dudng chuin do khi chuin do NH, biing HCI
a) Oy, = Cugy = 0,100M
b) Cnpy = Char = 0,0100M
6. a) Chufn dd 25,00m! HCI bing NaOH 0,0500M. Tinh Cricy 0éu thé tich NaOH
da dung 1a 17,50md!.
b) Néu két thic chudn do tai pT = 4,00 thi sai s§ chudn do bing bao nhidu ?
¢) Tink bude nhdy chuin 4o néu chip nhan sai s6 q = = 0,2%.
7. a) Chuldn do 50,00m! axit axetic hét 24,25 mi NaOH 0,02500M. Tinh néng da
axl axetic.
b) Tinh sai s chuan d6 néu két thic chudn do wi pT = 10,0
¢) Tinh pH cla dung dich nfu thém 24,50m! NaOH.

8. a) Chuin da 25,00m! NH; 0,0500M bing HCl 0,1008. Tinh s& m! HC| phai
ding nfu két thic chudn d9 1ai pT = 4,00.

b) Tinh pH cia dung dich sau khi tham 12,30m/ HCL.

9. Chudn d% 50,00m! hén hop A gdm HICI 0,100M va HA 0,100M (pK, = 6.00)
bing NaOH 0,200M.

a) Tinh pH trudc khi chudn do.
b) Tinh pH sau khi di chudn d¢ dugc 99,9% HCIL.
¢} Tioh pH cla hén hdp sau khi toan b hai axit di bj trung hoa.

10. Chuin d6 50,00m! hén hop hai axit HA 0,0500M {pKzy = 3,75) vA HB 0,100M
(pKg2 = 7,50).

a) Tinh pH tai diém tudng duong thit nhér.
b) Tinh pH tai diém tuong duang thil hai.
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11.

12.

13.

14.

15.

16.

¢} Tinh sai 56 chufin d6 néu chuin 48 dén pT
d) Tinh sai s chuin d& néu chudn do dén pT

4.40.
10,00.

V& dang dudng chuin dé H.PO, 0,100M bing NaOH 0.100M. Tinh sai s6 chufin
dé néu

a) chudn d§ dén pT = 5,00
b} chuin d¢ dén pT = 9,00

Vé dang dudng chuin d6 dung dich Na,CO; 0,0500M bing dung dich HCl
0,100M,

Tinh sai s6 chuidn d6 néu chuin 46 dén

a) pT = 8,00 '

b) pT = 4,00

Chudn d6 50,00m! hén hop 1,50, va H,PO, dén pT.= 4,40 hét 36,50m! NaOH
0,0500M. N&u chuidn dg dén pT = 10,00 thi hé1 4595m! NaOH.

1) Tinh ndng d& mol ctia mdi axit 1rong hén hop.

2) Tinh sai s6 cua két qui chuin do.

a) Chuidn do 25,00mi hén hop gbm Na,CO; 0,0500M va NaOH 0,0500M ding
phenolphtalein 1am chi thi. Tinh s& m HCL 0,100M cn ding dé via chuin d6
dén mit mau phenolphtalein (pT = 8,00). :

b) N& chudn d¢ dén xuft hign mau Héng da cam cia metyl da cam (pT = 4,00)
thi thé tich HCl da ding 14 bac nhiéu ?

Hay dé nghi phuong phap ©o thé ding ¢é chudn d4 cic hén hdp

a) Na;CO; + NaHCO,

b) NaH,PO, + H,PO,

<) NazHPO,, + Nal,PO,

Pun s5i 1,000z mdét miu mudi amoni 1hé vai lugng du NaOH. Toan b khi

NH; bay ra dudc hip thy hél trong 50,00m! H,50, 0,2500M. Chudn d¢ axit
con thua hél 15,68mf NaOH 0,0500M.

a) Tinh ham ludng % cia NH, ¢6 trong mudi amoni.

b) Hay d& nghi mot chdt chi thi cho phép chuin 46 néi trén.
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_ Chuwong 7
PHUONG PHAP CHUAN DO TAO PHUC

Trong phan tich thé tich mét s6 phan ng tac phic duge si
dung d€ dinh lugng cac kim loai hodc cdc chdt tao phdc. S6
phan dng tao phic ding duge phai théa man cic yéu cdu chung
cia phan tich thé tich 1a phai xy ra véi téc d6 16n, phai x4y
ra hoan toan va theo ding quan hé hgp thic, Nhiéu phite chat
cé do bén 16n nhung t6c do phan ing tao phudc lai xAy ra rit
chdm. Vi dy, phic Cr (III) v8i complexon III ¢ d6 bén rat 16n
(hdng s6 bén § = 102) nhung téc d6 phan dng lai xay ra rat
cham ngay cd khi dun ndng. Nhiéu chdt tao phie ting nfc voi
cdc kim loai, ddc biét 1a cdc chdt déng vai tro phéi tu don phdi,
vi vay khéng th€ bio dam tinh hop thdc nghiém ngat trong
phan dng chudn d¢. M6t s6 16n cac phdc chit khéng cd do bén
théa man trong phan tich thé tich. Vi vay trong v6 s8 cac phan
Ung tao phic chi c6 mot s6 phan Wrng dung duoc trong phan
tich chudn d¢. Dac biét, hién nay phuong phdp chufn dé tao
phuc ph8 bi€n nhdt 12 phuong phap chudn do complexon dua
trén viéc si dung cdc axit aminopolicacboxylic lam thude thi
tao phiic d&€ chudn d6 cac ion kim loai. Trong s8 cdc thudc thi
tao phic ddn phéi hién vdn ding la xianua d& chuin do bac,
halogenua dé chuian d6 Hg(II).

§7.1. SU TAO PHUC CUA AXIT
ETYLENDIAMINTETRAAXETIC (EDTA)
vO1 CAC ION KIM LOAI
Mot trong cédc axit aminopolicachoxylic duge #ng dung rong

rdi va trudc nh&t trong phan tich thé tich 1a axit
etylendiamintetraaxetic (ki hiséu la EDTA hay H,Y)
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HOOC - CH, CH, - COOH
N - CH, - CH, - N<
HOOC - CH, CH, - COOH
EDTA 13 mét axit 4 nic pK, = 2,0, pK,, = 2,67 ;
pK,, = 6,16 va pK,, = 10,26,
EDTA it tan trong nude, vi vy thudng ding dudi dang muédi

dinatri Na,I,Y, thudng goi 12 complexon III (nhung vin quen
quy udec la EDTA).

EDTA tao phiic bén véi cde ion kim loai va trong hiu hét
trudng hgp phan dng tao phic xay ra theo ti 1¢ jon kim loai :
thuéc thd = 1 : 1. Hing s6 bén § cua phan dng tao phuc.

M™ 4+ Y4 = MY(™9)
cd gid tri khd cao, vi du phic kém bén lgﬁAgYJ- = 7,32 ; phidc
bén 1gf,..,~ = 25.10.

Céc phép chudn d¢ complexon thuding tién hanh khi ¢é mat
cdc chit tao phic phy d€ duy tri pH xdc dinh nhdim ngin ngia
sy xudt hién két tia hidroxit kim loai. Trong trudng hop téng
quit cac qua trinh chd y&u dién ra khi chufn 48 nhu sau :

Su phan li cia thude thi

HY = H' +HY K, (7.1)
H,Y" = H' +HY* K, (12
H,Y> = H'+ HY> K, (7.3)
HY> = H' +Y* K, (7.4)
Sy tao phdc hidroxo cda ion kim loai :
M™ + H,0 = MOH(""»* +H' g (1.5)
M™ + 2H,0 = M(OH){P~2* + 2H' g, (7.6)
M™ +,H,0 = M(OH), C+jH B (7.7)

i=1-N
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Sy tao phuc cha ion kim loai véi chdt tao phic phy X
MM + X = MX B, (7.8)
M™ + 2X = MX, ' B, (7.9

M™ + 3X = MX (n = 1~N) B, (7.10)

(6 day, coi X khong tham gia phan ting proton hda, va d§
don gidn khéng ghi dién tich cdc phdn td). Phan dng tao phic
chinh gitta EDTA va ion kim loai . -

M™ + Y% = My(™4 Bumy (7.11)

Ngoai ra con cé thé c¢d su tao phitc chia proton hosic tao
phiic hidroxo cia phdc tao thanh :

MY + H* = MHY Kyuy  (7.12)
MY + OH" = MOHY Kyony (7.13)

(48 don gidn ta khéng ghi dién tich cdc ion phie).

Mdi nhin qua ta ciing thdy viéc tinh can bing khi chufn do
tao phic 1a rdt phic tap. Vi vay d€ don gian va dé& dang khi
tinh dudng chudn d6, ngudi ta thudng ding phuong phap gén
ding dya trén viéc sit dung hing s6 bén diéu kién :

, MYy

trong dd,

[MY] = t6ng néng d¢ cic dang tén tai clha phdc giita ion
kim loai va EDTA.

[MY) = [MY] + [MHY] + [MOHY]) ('7.15)

T8 hogp (7.15) v6i cac bigu thic dinh lust tac dung khéi
lugng dp dung cho (7.12) va (7.13) ta c6 :

[MY]’ = [MY](l + KMHY[H+] + KMO”Y[OH_]) (716) )
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[M'] = téng ndéng d6 cdc dang tdén tai cua kim loai tri cdc
dang phdc v6i EDTA, tde la n6éng d6¢ ion kim loai chua bi
chuin do

A N _
M) = [M] + > [MOH)] + 3 [MX] (7.17)

j=1 n=1

T8 hogp (7.17) vdi cdc bifu thdc dinh luat tédc dung khéi
lugng ap dung che (7.5) - (7.10) ta c6 :

N N :
M) = [M] (1 + > gHTT + Y8, (X1") (7.18)
i=1 n=1
[YI' = téng néng dd cdc dang tén tai cia EDTA tru cdc
dang tao phdc vdi ion kim loai.
(Y] = [Y] + [HY] + [H,Y] + [H,Y] + [H,Y] (7.19)

(¢ day khong tinh dén cac dang H,Y*, HY?" cd thé tén tai
trong cdc dung dich ¢d d6 axit rit cao).

T8 hop cdc bi€u thie dinh luat tdc dung khdi Iuvgng &p dung
cho (7.1 - 7.4) ta cd : '

4 2
h +Ka 1h3+K a lKaZh - +Ka lKa ZKa 3h +Ka 1K02K03K04

[Y)=[Y]ay!=[Y]
¥ KalKaZKa3Ka4
(7.20)
T8 hgp cac bidu thie (7.14), (7.16), (7.18) va (7.20) ta cd : |
QMCIY .
- 7.21
B B Ay ( )

trong do : ._ :
apyy = (1 + Kyl H1 + Koy dOH ) (7.22)

N’ N
ay = (1+ XBHT + 35, xr)~ (123)

i=1 n=1

KaIKa2Ka3Ka4
CEY =
Rt +K B +EK, lKazhz +K_ K K h+K, KKK,

(7.24)

190



Nhu vay hing s6 bén diu kién phu thudc vao pH cia dung
dich va ndng d¢ chét tao phic phu X

§7.2. DUONG CHUAN DO

Ta hay xét trudng hop téng quat khi chudn dé V Jni dung
dich ton kim loai M™ néng do C omolfl bang dung dl(‘.h EDTA
C molfl (th€ tich thudc thi V)

Theo dinh luit bao toan khéi lugng, ta o6 :

cCv
00 N f
CM = W = [M] + [MY] (7.25)
o,
CY = V;‘{‘—Vc; = [Y] + [MY] (726)

Ldy (7.25) trit (7.26) ta cd :

cV, ~ cv,
M’] - [Y’] = —"mo— (7.27)
Chia ca 2 v& cho CV_ va sau khi t8 hgp cdn thigt ta c¢
V + V
g =P -1 = (Y] —[M])——V—— (7.28)
Q0
6 day P = G V (phén Wng xay ra theo tilel:1 nén tisé
a0

s6 mol cing la ti s6 duong lugng), ¢ la sai 86 chudn dé.

D6i véi trudng hop phan dng chufin d6 xfy ra véi hing s
bén cia phdc 16n (8 = 10% thi khi chuin d6 ed thé coi sy
phéan li ctia phidc 13 khong ddng k€ trong didu kién c6 du ion
kim loai hoadc thufc thi. Cu thé :

Trude diém tuong duong : P < 1, [M]' = [Y]’ nén
vV, + v,

cCVv

a O

= ~[M) (7.29)
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Sai 86 am do chudn d¢ thiéu.
Ty {7.29) ta rit ra :

M) = = (7.30)

Sau diém tuong duong

P > 1, Ml « [Y] nén

v+,
g = Y} (55— (7.31)
. : Covn ’
Ta (7.14) ta cd
1 [MYT
(Y} = E L[—ﬁ]—]— (7.32)
B&i vi & tai di€m tuong duong va sau difm tuong ducng
cVv
» . 99
MY) = VTV, nén
8]
cVv
N 1 a o
[Y] = PTTiL VAV (7.33)
Thay (7.33) vao (7.31) ta cd :
1
T= g (7.34)
) 1 1 CV
hay M’ = 5= = — X ~(1.35)

Bq - ﬁ, CV: _CDVO

O sat diém tuang duong khi lugng du cta ion kim loai hodc
cua thudc thié rat bé va cing cd voi lugng taoc thanh do su
phan li cha phic MY, thi ta phai gidi chinh xdc bAng cich t§
hop (7.28) voi (7.33) va chu ¥ rdng

CV, _ CC,
V,+V, C+C

(vi CV; = C V), ta c6 :
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.29.,(

7= s - M e | (7.36)
hoac sau khi t6 hop ta cé phuong trinh bac hai déi voi M)
ce, p o cc,
[M]’2+ q C T C M) — E; E"i‘_C; =0 (7.37)

Giai phuﬁng trinh (7.37) déi véi (M]’ cho phép d4nh gia néng
do [M]’ tai khu vye sat di€m tuong duong.

Tai diém tuong duong ¢ = 0 nén td (7.37) ta rt ra :
, cC

o]

M =Ny evc,

(7.38)
DE xay dung dutng chuén dé ta vé d6 thi phy thuoec pM-P.
Di nhién [M] = My,

= pM’ - Iga,, (7.39)

Khi chuin d6 néu 8 < 10® thi phai k€ dén su phan 1i caa

phlIc MY. Viée t8 hdp cac phuong trinh (7.28) va (7.32) véi cha
¥ rang

OVD

[MY)" = V., + Vv,

- [M}

sé cho ta phuong trinh tong quat d€ tinh [M]’ tai cac dlém
chudn do b4t ki :

I§ COVO ll COVD
2 = 20 n_ - _%° _
M1~ + (‘6’+q1";+V0) [M’] 5V AV, 0 (740
Vi du 7.1. Tinh va dyng dudng chufn do dung dich Zn*?
1,00.107°M bing dung dich Na,H,Y 0,100M trong hén hop dém
NH, 0,100M va NH,Cl 0,174M.
Lai gidi.
Phuong trinh phan iing chufn do :
Zn? + H2Y2' — ZnY?" + 2H*
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P

Néng do proton t8i da gidi phong ra trong phan dng chudn
d6 1a 2.107% khong lam thay d8i nhiéu néng d6 NH, va NH,C],
nén ta cd thé coi pH cta dung dich chudn d6 duge quyét dinh
bdi hé dém NH, - NH,CL

Eqi‘:r]——-lo‘ﬁ'z‘* M-loom"? 4 pH = 9,00
NH:- [NI—]?,] ~ . 0’100_' 3 . va p = U
1
Gzntt = 2 3 a
1+ ﬁIINH3] + B,[NH,;]* + ﬁ3[NI'13] + 134[NI{3]
(khéng k€ su tac phdc hidroxo) trong dd, lgBI = 2,21 ;
g, = 44 , g8, = 6,76, g8, = 8,79 ; {NH,] = 0,100 ,
1
+ = —
Gzt 6,7681. 10*

[H']=K,

= 1,4775.1075

pn,

i
14{- : /

13+
!
i
12+

117

10 ¢

F?

0 1

Hinh 7.1. Dudng chusn d9 dung dich Zn** 1,000.10°M bing EDTA 0,1000M
trong NH3 0,100M va NH4Cl 0,174M.
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Ayt

_ KaIKGZKaSKM .
ht + Ka1h3 + KalKath + KalKaZKaSh + KalKa2Ka3Ka4
a- 9 Ka4 ’
(Bdi vi h = 1077 « KaS < KaZ’ Kal) Gy = m =
10—1{),26
= 0,0521.

1079 + 1071026

B = B.azat ay- = 1016501.4775.1075.5,21.1072 =
= 2,43.1010 = 101039

K&t qua tinh dwrémg chulin 48 dung dich
Zn?* 1,000.10°M bing dung dich EDTA 0,1000M
trong dung dich dém NH; 0,100M va NH,CI 0,174M (pH = 9,00) ;
V, = 100mt 5 C, = 1,000.10° ; C = 0,1000

Béng 7.1

Vepra P q% [Zn®*y [Zn’*) pZn
0 0 - 100 L10° 1,477.10" ¢ 7,83
0,100 0,1 -90 9.10° 1,330.10 % 7,87
0,200 0.2 -80 8.10™ 1,182.16* 7,93
0,400 0.4 -60 6.10°* 8,365.107° 8,05
0,600 0,6 -40 4.10™* 591.10° 8,23
0,800 0,8 -20 19810% | 2925.10° | 853
0,900 0.9 -10 991.107° | 1464.10° 8.83
0,980 0,98 -2 1,98.00° | 2925101 9,53
0,990 0,99 -1 9910 % | 1,463.10" 9,83
0,999 0,999 -0l 1,029.107% | 1,520.10" 10,82
1,000 1,000 0 2,008.10 7 | 2,967.10' 11,53
1,001 1,001 +0,1 391107% | s578.10" 12,23
1.01 1,01 +10 4,072.107° | 6,024.10" 13,22
1,02 1,02 +2,0 2,03.10"° 3,010 13,52
1,10 1,10 +10 4,07.107"° | 6.013.10" 1422
1,20 1,20 +20 203.00 % | 3010 14,52
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£’ 16n nén cd thé tinh néng d6 cia kém trude didm tuong
duong theo (7.30), sau di€m tuong duong theo (7.35). Két qua

tinh dudng chuén dé dugc trinh bay trong bang (7.1). Trén hinh -

7.1 cd vé dudng chudn d6 dung dich Zn?* 1,000.1073M bang
dung dich EDTA 0,1000M.

Dudng chuéin d6 cing cd dang tuong tu nhu cdc trudng hop
chudh dé theo cac phuung phip khac (axit-baza, oxi héa — khi).

3 gan diém tuong duong cd budc nhay chuin do. Trong vi
du & trén néu coi sai s6 ¢ = 10,1% thi budc nhay pZn tu
10,82 - 12,23 (1,4 don vi pZn). N&éu chdp nhan sai s6 +1% thi
tu 9,83 dén 13,22 (3,4 don vi pZn).

Trong cung diéu kién chufin do (luc ion, pH, chit tao phdc
phu) thi khi héing s6 tao phdc 16n (8’ > 10%), dudng chudn do
¢ trude di€m tuong duong khéng phu thudc 8’ [cong thic (7.30)].
Sau di€m tuong duong néu B’ cang 16n thi pM’ cang lén [cong
thic (7.35)] va do dd budc nhay chudn d6 cang lén, phép chudn
dd cang chinh xdc. Trén hinh (7.2) ed bi€u dién sy phu thuéc
dudng chufin dé véi 1g8”

Thyc t& tit bi€u thic (7.35) ta rit ra :

pM’ = 1g8’ + lgq (7.41)
Nhu vay khi |
tang §° thi dudng pMg
chudn dé chuyén
dich ddn va song 14+ Mgy

song v8i nhau.’ (-

Trong thuc t& 10l F .
d6i véi ting trudng -
hgp chudn d9, f# /
phu thudéc pH va
néng d6 chit tao
phic phu.

o N A D @
—-

-

Né&u sy tao phic
hidroxo cia ion kim
loai dién ra ¢ mic Hinh 7.2 — Sy phy thude dang dudng chudn do

vdi 1g8" Cm = Cy = 0,100M
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do khong dang ko
thi khi pH cang
tang, gid tri ayi-
cang tang va &
cang tang. Nguge
lai, & pH & dinh,
khi nfng dé chit
tao phic phu cang
ting thi ) cang
giam va f cang
giam. Vi vay, dang
dudng chudn do
phu thuéc vao pH
cing nhu ban chét
va ndng dd ch4t tao
phice phu.

Trén hinh 7.3
cd vé chac dudng
chuin d¢ ion Ca?*
1,000.1073M bing
EDTA, pH cia hén
hgp chudn d9 duge
duy tri bang he
dem NH, + NH,CI.
Ion Ca®* khéng tao
phic véi NH,, vi
vily trude diém tuong
duong dudng chuidn
d6 hiau nhu khoéng
thay ddi theo pH ([MJ’
tinh t¥ bi€u thdc
(7.30) va pM tir
(7.39)). Sau diém
tuong duong, khi

pH tang thi a. .

ting va 8’ tang, vi

pCah
10 _— pH=12
9- //, pH=10
81 - pH=3
| /
T~
6: - pH=T
5 ///’ pr=0
[ .
45 /
3. — T : s

Hink 7.3. Dudng chuin do Ca®* 1,000.10°M
bdng EDTA & cac pH khic nhau.

pZn A
15+ - pH="1
: /,- pH=10
13 / — pH=9

_.;
v ] y
) B
1
=]
\'I.
1
-
—
! ' i !
b - T <]
r I I
T |
@ = o

‘_)H:’lo o pH'_'S

1. o

; pri=9 - pH=4
S1

H=8 /
: A
IRt

3'_ P __.______‘;.‘. e e e 2

Hink 7.4. Dugng chudn do Zn®* 1,000.10°M
bing EDTA & ciac pH khac nhau.

oY

e
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vay pM’ cing tang
dén gia tri giéi han &
pH = 12 (lgay— = 0). . PFen

Trén hinh 74 c6 vé 4. - pH=4

dusng chuén do : / pH=3
14

Zn?"107>M bang EDTA. / oo

+ p =

Truse di€m  tuong 12! /

duong dudng chudn  qo:

d6 phu thude pH, vi — pH=1

Zl_l2+ tao phic véi 8 _ / -

NH, (ding hé dém - 4 /

NH, + NHCI, trong &~ 5 __{___’__f._;_-/

Cni, + Cnpe = 0.1M : T e

dé duy t'l'i pH) é cic 2o .-__.-;_ T ___:;

pH < 7 thi sy tao phic
v6i NH, khong dang k&, 5 1one chudn do Fe 1,000.10°M

cac dudng chudn do bing EDTA & csc pH khic nhau.
trung nhau. pH cang

tang thi néng 46 Zn%

cang gidm, pM cang tang. Sau difm tuong duong cdc dudng cong
chi phu thuée pH (do @, bign d8i) ma khéng phu thuéc néng do
chdt taoc phdc. Diéu nay dugc rit ra ti bi€u thic tinh pM theo
(7.35) va (7.41) :

pM = g8’ + lgg - lgay, = lgf - lgayy + lgay + lgg
(7.42)
Vi vAy cdc dudng cong cing dat t6i gisi han & pH = 12.

Trén hinh 7.5 cé vé dudng chufin d¢ Fe’* 1,000.10"°M bing
EDTA. Phép chufin d6 tién hanh trong mdi truding axit dé tranh
sy k&t tha hidroxit sat. O day khéng cln dung chit tao phic
phu. Khi pH tang thi su tao phic hidroxo déng vai tré dang
k€ va a), gidm khi pH tang, vi vy pM [tinh theo (7.30) va
(7.39)] sé tang.
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§7.3. CAC CHAT CHi THI TRONG
CHUAN PQ COMPLEXON

DE xdc dinh diém ding trong chudn 46 complexon, thudng
ding mot s6 loai chit chi thi sau day :

1. Cac ch4t chi thi mau kim loai (con goi la cac chit chi
thi complexon, hay chédt chi thi kim loai) 12 nhitng thuéc nhudém
hitu cd tao duge voi ion kim leai phdc ¢d mau dac trung, khic
véi mau cta ch&t chi thi. Diém diing duge xac dinh dua vaoc
sy 481 mau cua phic chdt chi thi kim loai sang mau cla chét
chi thi hoac nguge lai.

Trong chufin 46 complexon loai chi thi nay la quan trong
nhédt, vi vy ta s& xét chi ti6t & dudi day.

2. Céac chdt chi thi mdt mau thuéng la khéng cé mau hoac
cd mau rét nhat, tao duge v6i ion kim loai phdc ¢d mau dac
trung. Vi dy ion thioxianat khéng mau tao dugc v4i ion Fe3*
phic mau d6, hoac v4i ion Co?* phdc mau xanh. Di€m ding
duge xac dinh do sy xufit hién mau cta phic kim loai - ch4t
chi thi.

3. Cac chét chi thi huynh quang cd kha nang tao phdc vdi kim
loai va do dé mau hoac cuding d¢ huynh quang ciéa chét chi thi
bi thay d&i. Vi du, fluorexon trong dung dich kidm manh dugc
dung 1am chi thi dé chugn d6 c4c kim loai kiém thg (Ca?*,
Sr’*, Ba?') bing EDTA : tai di€ém twong duong huynh quang bi
tat do céc kim loai di chuyén hoan toan thanh phic véi EDTA.

4. Cac chdt chi thi oxi héa ~ khit duge ding khi kim loai
chudn do t6én tai duge & 2 dang oxi hda va khi.

I -~ Phan loai cdc chét chi thi kim loai

Cac chédt chi thi trong chuin d6 complexon phai théa man
cdc diéu kién sau day :

1. C6 d6 nhdy cao d€ c6 thé quan sit sy d6i mdu khi néng
d6 chdt chi thi bé (c& 10°% - 1075M) va do do phdn kim loai

lign k&t trong phic vdi chdt chi thi 1a khéng déng k& va cd

th& khéng cdn k& dén khi tinh sai s6 chufn dé.
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2. Phitc kim loai - chi thi MIn phai ¢6 d6 bén trong pham
vi xac dinh : phic MIn phaj tuong d6i bén, nhung lai phai kém
bén hon phdic kim loai - EDTA thi sy chuyé’n mau moi ré.
Thudng chon chdt chi thi sac cho :

10% < By, < 1074 By

3. Phan tng tao phic gita ion kim loai va chdt chi thi phai

nhanh va thuan nghjch.

Cac chdt chi thi kim loai ph8 bién thudng thuse cdc loai sau
day :

a) Cdc thuSc nhudm triphenylmetan : Vi dy pirocatesin tim,
xilen da cam, metalphtalein, thimolphtalexon v.v...

Phie kim loai - chi thi ¢ mau dé

b) Cde thuSc nhuém azo, vi du eriocromdenT (ErioT) ;
4-(2-piridinazo) - rezoxin (PAR) ; 1-(2 - piridinazo)-2~naphtol
(PAN) ; asenazo I, v.v...

¢} Cac chit chi thi thu¢c loai khéc, vi du murexit, alizarin
... Trong bang 7.2 c6 cho mot s6 tham s6 cén thit cda mét
s6 chdt chi thi théng dung thudc 3 loai trén.

Il - Sy chuyén mau va d6 nhay cia ecdc chdt chi thi
kim loai

Nhu da thdy & trén, hdu hét cdc chdt chi thi kim loai la
nhitng axit, bazo ma cdc dang phan li ¢6 mau khic nhau. Vi
vy, mau cia chdt chi thi thay d6i theo pH va sy ddi mau
cha chét chi thi khi chuin d¢ (d8i td mau phic kim
loai chi thj sang mau chdt chi thi tu do hodc nguoc lai) phu
thuge pH.

Dé dac trung dinh lugng sy d6i mau cia chdt chi thi kim
loai, ta dung hing s6 tao thanh diéu kién cia phic chi thi
kim Joai.
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Né&u mo td cin bang tac phitc chi thi kim loai dudi dang

M+ In = Min B

thi hdng s6 bén diéu kién cé dang :
MIn}Y -
My = PMin

& day : [MIn]’ = t6ng ndng dd cdc dang ton tai ctua phic giita

chi thi va kim loai = [MIn) + [MHIn} + [MIn,} + ... (d€ don

gian ta khong ghi dién tich cac ion)

(7.43)

(M}’ = t8ng ndng d6 cdc dang cia ion kim loai khong tac

.phdc v6i chdt chi thi va véi EDTA

N' N
[MI' = [M] + ¥ [M(OH),] + Y [MX]

f=1 =1
X = chdt tao phue phu.

[In]’ = tdng néng dd cdc dang ciia chit chi thi khong tao
phic véi kim loai = [In] + [HIn] + [HIn] + ..

Tt (7.43) ta rit ra

. aMaIn -
Pmin = Pumin TR (7'4.4)
N N :
trong d6 oy = (1 + 3 Ba7T + 3 B, [xr)“ (745)

j=1 n=1 .
h'ﬁi M=X hang s6 tao phdc hidroxo, 8, = hing s6 tao thanh
phic n -
KalKa2Ka3
“In T 73 2
" R+ K h? + K K h t K K K,

al" a2 a

(7.46)

ddi véi chi thi H,In c6 3 hang s6 phan li K, K_,, K _,. Ti s6

: alr “ta2y g3
[MIn] . » . by . .
aT 12 ti s6 giita néng do chdt chi thi tén tai dudi cde dang

phic kim loai vdi néng d6 cdc dang chi thi tu do (khéng tao
phitc). Ti s6 nay quyét dinh sy chuyén mau cha chit chi thi.

204

.

a

)
3

s
'P*q,
(ba

&



R
R
a ‘Q

T (7.43) ta tinh duge ndng d6 kim loai tu do [M] ing vai
thai di€m chuyén mau .

MIn]
My = —— - Minl (7.47)
Bmin  fIn]
. In]’
gia thist & ¢ s6 —ﬂg—nl]l;]— = p cd sy chuyén mau ré thi
M]" = ﬁ—-_p : (7.48)
MIn
va PM’ = 1g8y - g (7.49)

Vidup =1 nghia 12 sy chuyén mau x4y ra khi 50% néng
dé chédt chi thi tén tai @ dang phdc véi kim loai va 50% & dang
tu do thi

M = lgﬁi\dln
Tinh duge hing s& tao thanh diéu kién ﬁiw ta cd th€ danh

. gid pM tai di€m chuyén mau va danh glé duge sai sé

chudn dﬁ

Vi du 7.2. Ddnh gia hang s6 tao thanh digu kién ctia phic
eriocrom den T v6i magie d pH = 10,0 duge thiét lap bang hé
dém NH, + NH,CI trong d¢ Cyg = O,1M, va danh gid néng

d6 ion kim loai tai di€m chuyé’n rnau ing v6i 50% lugng chit
chi thi tén tai & dang phdc kim loai.

Mg* + In* = Mgin~ g = 1079
Mg** + H)O = MgOH* + H* ‘g = 107117

H,In" = H' +HIn* K, = 10793
Hin% = H' +In* K, =106
1 1
M7 T+ 107107 1010 T T,02
107179 1

“in = 107200 4+ 10763 . 1010 + 10179 _ 41
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. _ aMgaIn _ _1070
ﬁMgIn - ﬁMgIn %Mgln - ‘BMgln'aMg'aln - " 41.1,02

pMg’ = lgﬁ,MgIn = 5,38
Néng dd ion magie tai di€m chuy&n mau (cm)
s L
1,02

Vi du 7.3. Danh gi4 sai 6 chugn d¢ khi dang EDTA 0,100M .
dé chufin d6 dung dich Zn%* 1,00.1073M, & pH = 9,0 dugc thiét
lap bang hé dém NI,Cl + NH,, trong dé Cyyy o + Cppp = 0,10M.

4 3

Phép chudn d6 két thic khi 90% luong chi thi eriocrom den T
tén tai d trang thai tu do.

[Mg**],, = 107538 = 1075% = 4,07.107°M.

In®*  +Y¥ = ZnY? 8 = 101630
Zn**  +nNHy =  Zn(NHpZ" B.n = 1-4)
g8, = 2,21 ; lgB, = 4,4 ; lgB, = 6,76; g8, = 8,79
Zn** + H,0 =  ZnOH' + H* ‘B, =108%
Zn¥  + 3H,0 = Zn(OH); +3H* B, = 1072840
Zn®*  +4H,0 =  Zn(OH)?” +4H* B, = 1079030
Zn?  +In> =  Znln Byn = 101290,
In* +H' =  Hn* Kl = 10lL6
HInZ + H* = HIn K = 105
— ' - —_— ,2

NH, +H' = NH; K1 = 10%%
B'zay = Bagyay

K, . -

[NH,} = 0,1 X5k = 0,0365 (coi ndng dd6 NH, tao phic
[}

vai kim loai la khéng dang ké&).
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azp = (1 + 1078%6.10% + 107284 1027 + 107405 1036 +

Zn
10%7%.(3,65)%.10°% + 10676.(3,65)%.107¢ +

+

+ 10%4.(3,65)2.107% + 1022! 3.65.1072)
= 103,15

ay, = 107315

ay 8 pH = 9 tinh nhu & vi du 7.1 1a 0,0521

10_17,9 1
“In = 10718 1 10763 109 + 10-179 400

p"MY = 1016,50‘10—3,15_0’0521 = 101207
1

H — 12,90 -3,15 s 7,15
Bmin = 1012701073 . =0 = 10
1
pM’ = 1g8’ - lgp = 7,15 ~ lg—g = 8,10
Sai s6 tinh theo (7.36) :
1 0,101
= - 10—8.1 [t e
7% 101207 19810 1,00.102
. = 0,01%

§7.4. CAC PHUONG PHAP CHUAN DQ COMPLEXON

I - Chu#n d¢ truc tiép

Phuong phap chudn d6 complexon don gidn nh4t )a phuong
phép chudn dd tryc tisp. Trong phuong phép nay, ngudi ta diéu
chinh pH thich hgp ctia dung dich chufin dd bing mét he déem
va sau dd thém dung dich chudn ti buret, thudng 1a complexon III
Na,H,Y, vao dung dich chufn dé cho dén khi d8i mau cta chit
chi thi tit mau céa phiéc kim loai chi thi sang mau clia chat
chi thi & trang thai khoéng tao phéc. D& ngan ngita su tao
hidroxit kim loai & pH chudn d6 ngudi ta thudng thém cdc chét



tao phic tuong d6i y&u, vi dy, dung hén hgp dém NH, + NH,C!
duy tri pH = 10,0 khi chudn d¢ Zn?', Cu®*, Ni?", dé giit cac
ion nay trong dung dich & dang phc véi amoniac.

Sai s6 trong chuidn d6 truc ti€p duge danh gid theo phudng
trinh (7.36) :

LT C +C,
gy CC,
Néng do kim loai khéng bi chudn d6 [M’] tai diém cudi chuin
do duge tinh theo phuong trinh (7.48) :

q

M) = L P
ﬁMIn
D& phép chudn do c6 thé dat t6i d6 chinh xdc cao nhdt nén
chon chét chi thi c¢6 1gB,,, cang gin véi pM’ tai diém tuong
duong cang tdt.

II - Chudn d6 nguge

Trong trudng hop khéng thé chudn 4o truc tiép duge, vi du
khong thé c¢6 chdt chi thi thich hop cho kim loai xdc dinh, hoic
khi phan dng tao phuac gita ion kim loai vd EDTA xay ra qui
cham, hodc & pH chuén d6 kim loai bi k&t tda dudi dang hidroxit
kim loai, thi phai st dung phuong phdap chuin 49 nguge. Trong
trudng hop nay ngudi ta thém vao dung dich cin chuidn mét
lugng chinh z4c EDTA ldy du va thiét lap didu kién (nhiet d6,
- pH) d€ jon kim loai M; phdn #ng hoan toan v6i EDTA. Sau
dd chuidn doé lugng EDTA du bing mot dung dich chufn ion
kim loai M, ldy ti buret cho dén khi d8i mau chdt chi thi ti
mau cta dang chi thi khéng tao phdc sang mau cia phic chi
thi - kim loai Mz- _

Né&u kim loai M1 tao phic cham v&i EDTA thi phai dun ndng
dung dich trudc khi chufin do hoic phai doi cho phian dng xay
ra hoan toan. N&u ion kim loai bi két tda & nhitng gid tri pH

thich hop cho viéc chudn d¢ thi phai thém du dung dich EDTA
vio dung dich cin chudn da duge axit héa, sau d6 mdi dua pH
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cua dung dich dén gia tri thich hop cho phép chudn d6 nguge
bang mét hé dém thich hgp. Vi dy Cr(IID), Co(Ill) tao phic kha
bén véi EDTA nhung téc do phan dng rit chdm ngay cd khi
dun ndng, vi vdy khéng thé chuin d6 truc ti&p duge. Trong
trugng hop nay phai thém EDTA du, dun s6i 2 - 15 phut (tuy
theo anion c¢é mit trong dung dich) d€ phan ¥ng hoan toan,
r6i chudn d6 EDTA bidng dung dich kim loai chuin Fe, Ni, Cu
hoac Mn ¢ pH thich hgp.

Trong truging hop khi phan dng tao phic M,-EDTA x4y ra
khéng cham thi phai chon kim loai chuin d& ngugc M, sao cho

hing s bén didu kign cta phic M,-EDTA (8, ) bé hon hing
2

s6 bén didu kién cha phic M;~EDTA (8, y) nhung khong dudc
1
nhé hon 107.

Puy = Puy 2 107 (1.50)

Trong thyc t& ngudi ta hay chon magie d€ chudn d6 ngucc
vi phéin 16n cdc kim loai tao véi EDTA phic bén hon phdc cua
magie v6i EDTA. Mat khic eriocromden T 1a chét chi thi tét
d6i vdi magie.

Né&u kim loai M tao phitc rdt bén v8i EDTA c& trong moi
trudng axit thi c¢d th€ ding cdac kim loai nhu Zn, Cu, Ni 48
chudn dd ngugc.

III- Chufin dé thé

Khi khong thé chufn do true tiép kim loai M, bing EDTA
thi ¢ thé thay th& M, bing mét luong tuong duong kim loai
M, ¢d thé chuin d¢ truc tiép bing EDTA. Mué6n viy, ngudi ta
cho mét luong du dung dich complexonat M, (M,Y) vao dung
dich chudn do va sau khi phan dng trac d6i :

B v
M,Y + M, = MY + M, K = (7.51)

ﬁMzY
xay ra thi chudn d6 M, bang EDTA.
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D& phéan iing trao d6i (7.51) xdy ra hoan toan thi phai chon
phic M,Y sao cho hang s6 bén diéu kién ﬂi\AzY « ﬁi\dlY’ nhung

Bumy Phéi 1on hon 107 d€ bio dam do chinh xac chudn do.
2

Trong thyc t€, thudng thém phitc ctia Mg?* v6i EDTA (MgY?")
vao dung dich phan tich va sau d6 chudn dé6 Mg?" bing EDTA,
dung eriocrom den T lam chi thi.

Trong nhiéu trudng hop, viéc st dung hgp li cic chédt tao
phic phu chon loc ¢d thé lam thay d3i hing sé bén didu kién
cia cac phdc kim loai — EDTA mét cach khac nhau t6i mice
cd thé chudn d¢ dugc ngay ca trong trudng hop ma

.ﬁMIY < fsMZY
chdng han Ig Bpy = 7.8 < lgBZnY = 16,26

nhung cd thé thay thé Ba® bang Zn** bing cdch thém dung
dich complexonat kém ZnY vao dung dich Ba?* ¢6 chia NH,IM.

Licdd1gf’, v = T4 < lgﬁ‘ Bay V2 Phdn dng th& (7.51) xay ra ducc_

vd c6 thé chufn dé Zn® béng EDTA.

IV - Chudn d§ gidn tiép

- Néu chdt phan tich khong tham gia phan dng truc tiép voi
complexon thi cé thé dinh lugng bing cich chufn d¢ gian tiép
vdi EDTA.

Vi du, c6 thé€ xdc dinh sunfat bing cich cho vz‘a._o' dung dich
phan tich mét lugng du chinh xdc Ba?* va sau khi tich két
tia BaSO, thi chufn d¢ lugng Ba®* du bing EDTA. Tuong tu

nhu viy d€ dinh lugng PO3_ ngudi ta lam két tda nd duéi dang
magie amoni photphat MgNH PO,.- Sau khi tach k&t tha, hoa

tan trong axit va chufn 4o Mgz‘” tao thanh bAng EDTA, ti dg,
suy ra néng d¢ photphat trong dung dich phan tich.

Phuong phép gidn ti€p cing dugc 4p dung khi phén tich cdc
hén hgp kim loai. 0 day kim loai trong hén hgp phan tich duge
thay bing moét kim loai khdc (bling mét phan ing hda hoc thich
hop) e6 th& chudn d6.chon-lgc bidng EDTA hoac c¢d thé tich
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dé dang khoi kim loai thi hai c¢é trong hén hop phan tich.
Vi du, d&€ dinh lugng Pb** va Mn?* c6 trong hén hgp phan
tich, méi ddu chudn do tdng s6 ching trong hén hgp bing
EDTA. Sau d6 lic mét phdn dung dich phan tich géec vai hén
héng kém léng (khi khéng cd khéng khi), § day Pb%* dugce thay
bang mdt luong tuong dudng kém. Chudn d¢ dung dich tao
thanh khi ¢6 KCN thi cé th& dinh lugng dugc Mn?* vi Zn®* da.

bi che bdi KCN do su tao phic xianua kém.

d0 tong s6 hai ion bing EDTA. Sau d6, l4c mét phén dung dich
¢ thay bang 1,6 mol ion Pb¥ : °
2Bi + 3Pb%* + 3Hg

D& xac dinh Pb®* va Bi** c6 trong hén hgp, méi ddu chudn
phan tich géc voi hén héng Pb thi Bi** bi thay bing PbZt véi

ti 18 1 mol ion Bi* duc!?
2Bi** + 3Pb(Hg) =
va tlt phép chuéin d6 dung dich tao thanh vdi EDTA c6 thé suy

ra lugng 2 kim loai trong hén hop.
§7.5. CHUAN PO DO BAC

I - Chufin dé CN™ bing Ag"

Trong s6 cdc thufc thit tao phiic don phéi chi cd mdt s6 rét
it duge dung trong chudn do thé tich, vi da s6 cdc thudc thd
déu tao phidc tiing néc. Phan dUng tao phic gita CN- va Ag*
(7.52)

la phan dng quan trong dugc dung trong chufn d¢ thé tich.
lgB, = 21,10

1. Phuaong phdp Liebig
- Chuén d6 CN~ bang Ag'
Phan dng chudn d6 :
Agt + 2CN™ = Ag(CN);
Tai diém tuong duong, lugng dut ion Ag" tao dugc két tia

v6i Ag(CN), :
Ag' + Ag(CN); = 2AgCN |
Agh + Ag(CN); = AglAg(CN),]1| 1gK, = -10,9

(7.53)
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Can bing (7.53) dugc t8 hop tit can bing phan li cia phuc
Ag(CN), vGi can bing

Ag' + CN™ = AgCN| (gK, = -16) (7.54)

Nhu viy di€m ding chudn d6 duge thuc hién khi cd van duc
cia két tia AglAg(CN),].

- Sai s6 chudn d6. Khi chudn d¢ V ml KCN C mol/l bing
AgNO, C mol/l, tai di€m cudi chuin do :

Cpgt = VT;, ='[Ag'] + [AgOH] + [Ag(CN);] =
= [Ag']” + [Ag(CN)@ (7.55)
COVO
Con = iy = [CNT] + [HCN] + 2[Ag(CN)j] =
= [CNT + 2[Ag(CN);] (7.56)

(6 day ta chua k& lugng Ag* vA CN~ ndm trong pha rén, vi
col nhu méi bat ddu xudt hién vdn duc nén higng két taa la
khéng dang ké&).

T8 hgp (7.55) véi (7.56) ta rdt ra :

20V - C .V, VY
T = (2[Ag'T” — [CNT]) cV. (7.57)
Tai di€m tuong ducng
CVia CoVs
T VIV TV V)
vivay P = 2N _ 1
) e COVO -
2CV
va sais§ ¢ =P - P, = A -1 (7.58)
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Mat khac & gin diém tuong ducng
2CV = ¢V, do dd

o o

2cc

O 0 Q

V+V, €, +2C

(7.59)

T3 hop (7.57), (7.58) va (7.59) ta cé phuong trinh danh gid
sai s8 chudn do :

c. +2C
—_ 471 — 31
g = (2[Ag"] [CNT}) “'—"ZCCO (7.60)
1
y .. -1 : _
4 day [Ag'] = [Ag ]aAg vii Apy = ——-—1 P (7.61)
_ T K,
{CN ]’ = [CN ]ac%q vl TeN = W (7.62)

O day *f 1a hang s8 tao phitc hidroxo cua Ag*
Agt + H,0 = AgOH + H* "8 = 101170
K, ]a hdng s6 phan li cia HCN (pK, = 9,35) ‘
Trude di€m tuong duong [CN™I’bing néng 46 KCN chua bi
chudn d6 va pH duge tinh theo cAn bing proton hda ctta CN™.

Tu (7.62) cé th& danh gid gan dang [CN7] va tit (7.53) cd thé
danh gid néng dd [Ag') va sau dd tit (7.61) ddanh gis [Ag*Y.

(Nhitng néng d6 nay thudng rdt bé nén co th€ coi gin ding
[CN'T = [CN7] va [Ag']” = [Ag'] ma khong gay sai s6 lan).

Vi du 74. Tinh sai s6 khi chufn d3 KCN 0,0200M bang
AgNOQO, 0,0100M d&n vita xufit hién duc

{ th .
Cd th€ coi cv. ce, .
Cagen; = gw vy = C, +2c - 200.107°M
Khi biat ddu xu4t hién duc :
. K -10,9
51 107 9
Cagt = = = 2,50.107%M,

CAg(CN)._; 5,00.1073
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Cé thé danh gia gin ding néng do CN~ dua vao can bing

Ag(CN); = Ag* + 2CN- gz = 107211
5,00 . 1073

[CN] = \’ 107201 22— = 490 1078
2,50.107°

Vi néng d6 clia CN~ va Ag' déu rit bé nén cd thé€ coi pH
cia dung dich la pH clia nude, pH = 7,0

10—9,35
= ————— = 0,0044
SN T 10935 & 1077
“AsT 1y 1007 107
1
1" = -8 = o]
[ONT = 4,0.107 . g = 9,1.10°¢ ;

[Ag'] = [Ag*] = 2,5.10°°
0,0200 + 2.0,100

_ -9 _ -6 - B 103 =
g =(225.10"° - 91.107%). 25,0200 06,0100 = ~>10 0,5%

Sai s6 la khéng dang ké.

Trong thyc t& cd hién tugng x8y ra sy ké&t tua cuc bd ngay
cd trudc di€m tuong duong va k&t tua lai tan cham nén cd thé
gdy khd khan cho viéc phat hién di€m ding chusn d6. D& khéc
phuc ngudi ta dung phuong phap Liebig cai ti&n : phuong phap
Liebig — Deniges. : ) .

2. Phuong phip Liebig—Deniges

Nguyén téc : Chusin 46 CN~ bing AgNO, dung KI lam chi
thi khi c6 NH, du (d€ hoa tan két tia AgCN). Tai diém ding
chuin d¢ cd xudt hién vdn duc ciua két tda Agl _

Phan vdng chudn dé : _

Ag't + 2CN” = Ag(CN); lgh, = 21,10
Phan tdng chi thi

Agt + T = Agl|]
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Thudng dung KI 0,010M va NH, 0,200M.

Sai s6 chudn d6. Tuong ty nhu trén, ta cé phuong trinh
tinh sai a6 chuan d6 (7.60), trong dd

[Ag-}]s

[Ag') = [Ag'] (1 + *Br"! + B, INH,1%) (7.63)

[Ag'] + [AgOH] + [Ag(NH,)

Vi dy 7.5. Danh gia sai s6 chuan do KCN 0,0200 M bing
AgNO3 0,0100M, diung KI 0,0100M lam chi thi khi ed NH3 0,2M.
Diém ding chudn dé duge xde dinh khi bit ddu xuit hién védn
duc Agl.

Cing nhu trén, tai diém ding chuadn d¢

Cgery, = 5,00. 10™°M

Kyqagn  1,00.10716

C- 7 1,00.1072
Néng d6 CN- duge tinh tit cdc cAn bang sau day :

Ag(CN); = Agt  +2CN" gyl = 107211

[Agh] = = 1,00.10" 19\

Cc 5,00.1073 - 1,060.10714

[] 5,00.1073-x 1.10714 2x
M — 10—211
(5.103 —x)

2% = [CN"] = 1,99.107M.
[Ag(CN);1 = 4,98.1073

+ = \ + — 10723
Agt + 2NH, = Ag(NH,); By =10
Ag(CN), + 2NH, = Ag(NHzJ; + 2CN- K =ﬁ;l By =107 13,87
C 4981073 0,20 1,99.10°°

[] (4,98-10'3—:::) (0,20-2x) X (1,99‘10—54_2")
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x(1,99. 1075 + 2x)2 - 1g-1387
(0,20 — 2x)%(4,98. 1073 —x) .
[Ag(NH,)]1 = x = 6,6.107°
{CN] = 1,99.10°5
pH cia dung dich do su proton hda cia NH, quyét dinh -

NH, + H,O == NH; + OH~ 10747
C 0,20
[]0,20-x x x
2
X _ 10476
0,20 -x 10
[OH'] = x = 1,86.10°3; [H*]) = A = 5,36.107 12
[NH,] = 0,198
10-9,35
- = = 1 ;
“eNT T 1079351536, 1012
Fagh T - = 1,5.107%

1+107187(5,36. 1071371 + 10723 (0,198)2
{CN7] = [CN] = 1,99.10°5
1
Ag'l’ = 1,00.10714 ——— = §,7.10°°
[Ag] 1,5.1076

0,02 + 0,02

q=1(2.67.10%-199. 10‘5)m =

= -1,98.1073 = -0,2%
Sai sd cd thé chdp nhin duge.
II - Chufin d§ cdc kim loai

Mot s6 cdac kim loai tao duge phic khi bén véi CN™ theo
quan hé hgp thdc xde dinh, vi du Ni?*, Cu?*, Co?*, Zn?*, cd
thé duge xdc dinh bing phuong phap do bac : cho mot lugng
chinh xdc CN~ duv vao dung dich chwa ion kim loai khi c6 NH,
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du. Sau d6 chudn do¢ CN™ du bing AgNO, theo phudng phap
Liebig - Deniges.

D& tranh chuén d6 ngugce ngudi ta cho KI va vai giot AgNO,
vao dung dich kim loai (ching han Ni%*), khi c6 mat NH,

Sau d6 chudn dé biang KCN cho tdi khi dung dich trd nén -
trong subt

Qu4i trinh chudn do Ni?* .

Ni(NH,)2* + 4CN™ = Ni(CN)?~ + 6NH, K

= 1014
Tai diém tuong dudng : _
2CN™ + Agll = Ag(CN); + I K4= 10°L
§7.86. CHUAN PO CAC HALOGENUA
BANG THUY NGAN (ID
Cd thé chudn do ion CI” bing dung dich Hg(NO,),

2CI" + Hg®* = HgCl, g8, = 12,78

Dé lam chi thi c¢6 thé dung diphenylcacbhazon, tac duge véi
Hg?* phic chdt mau xanh tim

lcaHs ICGHS
NH N =
CgHy—NH-NH_ N P N N\C 6
2 C=0+Hg"—0=C Hg T
: -~ N A TN NH
CgHs~N=N N=N |
|
Cets  CoMs
+

+2H
Phan dng cho két qua tét ¢ pH = 3,0 - 3,5.

Diung bromphenol xanh lam chi thi diéu chinh pH. Trén nén

mau vang xanh cilia dang axit cta chét chi thi sy chuyén mau
¢ di€m ding chudn d6 sé& ré hon.
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Phlfcng phdp thiy ngan thich hgp d€ chufin do6 ClI” trong
cac dung dich loang. O diéu kién thich hgp cd th€ chuin do ca
Br-, SCN™, CN".

§7.7. THUC HANH VE CHUAN DO COMPLEXON

I - Pha ché cdc dung dich dung trong chufin dé complexon

1. Pha ché dung dich chudn EDTA

Dung dich chufin hay ding trong phan tich 12 dung dich
complexon IIT tdc 1& muéi dinatri cia axit EDTA. Complexon III
ban & thi trudng Na,H,Y.2H,0 c¢6 phan tif lugng 372,24, thuong
khong tinh khiét. D€ diung trong cdc mue dich nghién ciu chinh
xdc phai lam k&t tinh lai. Muén vay, thém chim rugu etylic
vao dung dich bao hda (10g NaszY.2H20 trong 100m! nudc)
cho dén xuit hién két tua. Loc, bé k&t tia nay di. Thém mot
thé tich rugu etylic nhu th& vao nudc loc. Loc k&t tGa tich ra.
Ria v&i axeton, ete, lam khé & khéng khi va sau dd sdy & 80°C.
Mudi tinh khi&t 100% cd khéi lugng khéng d8i dat duge sau
khi sdy 4 ngay.

D€ pha ché€ dung dich 0,1000M cin hda tan 37,22¢
Na,H,Y.2H,0 trong 1 lit nudc cat. Cac dung dich lodng hon
duoc pha ché& bing cdch pha loang hodc ldy nhitng lugng cén
nhé hon.

Dung dich EDTA dung lau phai duge bac vé cdn than trong
lo lam bing chédt déo t8ng hop, khéng nén dung trong lo thuy
tinh vi khi d€ lau cac ion kim loai trong thdy tinh sé& tan vao
dung dich va lam thay d8i do chudn cia EDTA.

Né&u hda ch&t ddang tin cdy thi ¢d thé tinh do chudn theo
lugng c&n. Tuy nhién, néu nghi ngd tap chft trong thudc thu
(do binh dung, do nuéc pha ché...) thi cdn xsc dinh d& chuin.

Cac chat géc thudng dung dé xdc dinh dé chudn 13 CaCO,
tinh khiét phan tich (tkpt), Mg80,.7H,0, Mg{0,),.4H,0.
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Khi xdc dinh d6 chudn theo CaCO,{ {cing nhu khi chudn d&
Ca?") dung eriocrom den T lam chi thi thi cdn chd y réng sai
56 chi thi khd lén va sy chuyén mau khong r6 n&u chuin 46
khong cdé ion Mg?*. Phép tinh cho thdy pCa tai di€m tuong
duong clia phép chudn do Ca?* 0,0100M bang dung dich EDTA
0,100M & pH = 10,0 13 6,1. Ch#4t chi thi eriocrom den T déi
mau tai pCa = 3,8 nhu vay, phép chuidn d6 mac sai s6 am
(g = -1,6%) va mau chuyén khong ré.

Khi ¢ mat Mg?* thi Mg?* sé tham gia phan dng tao phic
v6i EDTA sau Ca® (gf.,, = 10,7 > lgfyy = 8,7, vi vay,
tai di€ém cudi chuidn do s& c¢6 sy chuyén td mau khd r6 cua
phic Mgin~ sang mau HIn?"

Thong thudng ngudi ta thém mot lugng chinh xdc dung dich
MgCl, c6 néng d6 da bist vao dung dich Ca?* va khi tinh két
qui cé higu chinh lugng thudc thi cin d€ phan ing vai Mg?*.
Cing cé th€ thém mot lugng magie complexonat vao dung dich
chudn d6. O day k&t qua chudn do khéng bi anh hudng vi do
phan dng trac ddi gita CaZ* va MgY? ma c6 su thay thé mot
lugng Ca?* bing mét luong tuong duong ion Mg?*. Cing cd
thé théem mot it MgCl, vao dung dich EDTA va thigt lap do
chuén cia dung dich EDTA nay theo CaCO,. Dung dich EDTA
nay dung riéng dé€ chufn dd canxi.

Cing cd th€ chuin d6 Ca?* bing EDTA, ding murexit lam
chi thi & pH = 12. Mau chuyén tit d$ cta phdc Caln sang mau
xanh tim cta chdt chi thi.

2. Pha ché dung dich chdt chi thi va dung dich dém
Dung dich chi thi eriocrom den T '

Can = 0,5g chi thi, thém 10m! dung dich dém amoniac-amoni
clorua (xem & dudi) v thém rugu etylic cho dén 100m..

Ciing ¢S thé dung chédt chi thi & dang rdn loang bang cich
nghién 0,25g chét chi thj vai 100g NaCl thanh bét min. Co thé
thay NaCl bang dubng.

Dung dich murexit, Tron khoang 0,5¢ bot v6i mét vai mli
nudic va lac ki. D€ yén cho phén khong tan lidng xuéng va ldy
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dung dich bao hda & trén d€ chudn 4. D& cho dung dich ludn
luén mdi, hang ngay cdn gan dung dich va thém nudc vio.

'Co thé dung duéi dang rédn bang cach nghién lg chét chi
thi véi 100g NaCl (hoac dudng).

Chi y ring cac dung dich chi thi chéng héng nén chi nén
pha ch& trude khi dung. :

3. Dung dich dém

pH = 10 : tron 70g NH,CI v6i 570m! dung dich amoniac
dac (ti khéi 0,90) va pha loang dén 1 lit.

II - Nghién cirtu tinh chéit cha chét chi thi kim loai

- Cho vao dng nghiém 1m/ HCl 0,1M. Thém 2 giot chi thi
eriocrom den T. Thém ting giot dung dich NH, dac cho dén
du. Quan sat sy ddi mau cta ch4t chi thi. Giai thich.

— Cho vao éng nghiém 1m! NaOH 0,1M va 2 giot ch4t chl
thi. Thém ting giot HCl 0,1M cho dén thé€ tich 2m!. Quan sét
sy d6i mau cla chidt chi thi. Giai thich

~ Ldy 10m! dung dich dém pH = 10 vao &ng nghiém. Thém
5 giot chdt chi thi eriocrom den T. Nhé vao éng nghiém 1,2
giot MgS0, 0,01M. Quan sit su d6i mau va giai thich.

Thém tiép vao Sng nghiém 1,2 giot EDTA 0,01M cho dé&n
khi dung dich d8i mau. Giai thich.

- Ldy 1ml dung dich NaOH 0,1M vao &éng nghiém. »

Thém 2 giot murexit. Thém dén ting giot HCl 0,1M vao
dung dich. Quan sit sy d8i mau va giai thich.

- Ldy 1lml dung dich NaOH 0,10M vao 6ng nghiém. Thém.

9ml nude va 2 giot murexit, 2 giot Ca?* 0,01M. Thém titng giot
EDTA 0,01M vao dung dich cho dén chuyén mau. Giai thich.

IIT1 - Chudn héa ndng dé dung dich EDTA

Can chinh xdc 0,35 - 0,4gam CaCO, tkpt vao c6c 100ml.
Thém ddn 20m! HCl 0,5M. Sau khi hda tan hét mau thi chuyén
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hoan toan sang binh dinh mdc 250mi vaA thém nudc dén vach,
61 tron déu.

a) Dung pipet lay 25,00m! dung dich thu duge vao binh chudn
dé 250m!. Thém 10m! dung dich dém, imi{ dung dich MgCl,
0,02M va 2 giot chi thi eriocrom den T réi chufin dd bing EDTA
dén d6i mau ti d6 sang xanh. Tinh néng d8 EDTA.

b) Dung pipet ldy . 25,00 m! dung dich phan tich vac binh
chudn dé 250 m!. Trung hda dung dich bing NaOH réi thém
5 m! NaOH 1 M, vai giot chi thi murexit (hoac 1 it chi thi
ran} r8i chudn d¢ nhanh bing dung dich EDTA dén d&i mau
tl doé sang xanh tim. Tinh néng d& EDTA.

IV - Xidie dinh dd céng cua nudc

D¢ citng cia nude la do sy ¢ mat cia Ca?*, Mg?" thudng
ton tai duéi dang hidrocacbonat. D§ ciing cia nudc thudng duge
- bi€u dién bang s& mili duong lugng ion Ca?* hosc s6 miligam
CaCO, trong 1 lit nudc.

Phuong phédp xdc dinh d¢ cing cha nude dua trén viée chudn
do cic ion Ca?* va Mg?* c6 trong nudc bing complexon, dung
eriocrom den T lam chi thj.

Bdi vi ham lugng clia magie trong nudc thdp nén khi chuéin
ddé wvain phai thém MgCl, vao nudc.

Quy trinh dink lugng. Trudc hét cén chufn do so bo d€ tinh
gdnMing luong nude phai 14y dé chudn d6 sao cho téng s8 mili
duong lugng cuia canxi va magie c¢6é trong 100m! nuéc chuén
dé khang vuot qua 0,5,

Dung pipet 50m! 14y chinh xdc mot thé tich nuéc cén phan
tich, Thém nufc cit d6n 100ml. Thém 5mi hén hop dém
NH; + NH,Cl, 1mi MgCl, 0,020M, mot it chi thi criocrom den
T. Chufn d¢ bing EDTA dén d6i mau tif d6 sang xanh nhat.

Tinh d¢ cdng cla nudc theo sd mili duong lugng CaCOy cd
trong 1 lit nudec.

Chi y : Tuy theo ngudn géc cla nudc ma trong miu con ¢d
thé ¢6 mat cdc ion kim loai nhu Cu?*, Al**, Zn?, Fe3*, Mn?t,
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Cde ion nay cing tac phic véi EDTA va déac biét 1a tao phic
bén v&i chdt chi thi. Trong truong hogp nay phai dung thém cae
chiit che nhu KCN, axit ascobic, hidroxilamin dé& lcai bé anh

hudng cia Fe3t, Zn?*, Cu®* va thém trietanolamin d€ che AI**.

V - Dinh lugng hén hgp Zn** va Mg®*

1. Pinh luong t6ng s6 Zn** va Mg?*. Dung pipet 1&y 25,00m!
dung dich phan tich cho vao binh eclen 250m!l. Trung hoda axit
bing NaOH (n&u cé&n). Thém 25m! dung dich dém (NH, +

NH,Cl) mét it chi thi eriocrom den T, rdi chudn d6 bing EDTA,

(b6t V,ml EDTA C,y.

Cv,

Con* +M&* = 35,00

2. Dinh heong magie -4y chinh xdc 25,00m! dung dich phan
tich cho vae blnh eclen 250m!. Thém 25ml dung dich dém, 2g
KCN (c8n than, rdt déc 1) d€ che Zn?t (dudi dang phic v6i
xianua), mdat it chi thi ericcrom den T va 50m! nudc cdt. Chuén
d6 bang EDTA hét Vzml‘

cv,
Cmg* = 3560
V1 - Pinh lugng Ni**
1. Chuidn d6 truc tiép -

Chufin do trve tiép Ni?* bing EDTA diing murexit lam chi
~ thi. _ :

Ldy chinh xdc 25,00m! dung dich Ni** (méi trudng axit)
khéng duge chéa qua 0,4mg Ni**. Thém NH, vac dung dich
cho dén khi tac phitc hoan toan v6i Ni*. Thém chit chi thi
murexit vio cho dén khi xu#t hién mau vang rd (N&u chi c¢d
mau vang da cam ching té pH < 10 thi phai thém ti€p NH,
cho dén mau vang). Pha lodng dung dich véi nudc cét (thém
da - 100m! nudc c&t). Chudin d6 bing EDTA 0,1000M dén xuit
hién mau tim. G&n cudéi phép chufin dd, cAn thém ti&p vai m!

222



NH; va lai chufn dé cho d&n khi mau chuyé&n hén tlt vang
sang tim xanh rs.

2. Chudn dé npuoc

Thém du EDTA vao dung dich Ni?*. Chudn d6 EDTA du
bdng dung dich chuin Zn?* hoac Mg?.

Léy chinh x4c 25,00m! dung dich NiSO, (C =~ 5.1073M).
Them 10,00m! EDTA 2,000.1072M, 2m! dem (NH, + NH,CI).
Pha loang v6i ~ 50m! nu6e c&t. Thém mot it chi th; eriocrom
den T. Chuin d¢ bdng dung dich chuén ZnS0, hoic MgSO,
0,0100M dé&n d8i mau tit xanh sang do vang, hét le dung dnch
chuén,

Tinh néng d6 mol cia NiSO,.

CAU HOI vA BAI TAP

1. Tinh gi& tri ey~ cia anion EDTA (H,Y) & cic pH sau day :
a)pH=2,00;b)pH=4,0;c)pH=6,0;d)pH=
¢) pH = 10,00 va g) pH = 12,00.
V& dé thi phy thudc lgzy1— -pH

2. Tinh hdng s6 bén didu kién cia phée Ca** - EDTA & pH
1gBc, 2 = 10,57

12

3. Tinh hing s§ bén didu kién cia phikc Fe'* - EDTA & pH = 5,0 ; 1gBp.v~
= 2510 ; Ig8 = -2,17.

4.  Tinh hiing s6 bén didu kién cva philc Zn’* — EDTA & pH = 10,0, dugc thid
lap bing he dém NH,NO, 0,200M va NH,,

5. Chudn d¢ 20,00m! Ca’* 0,0250M bing EDTA 0,0500M & pH
tai diém ludng duong.

12. Tinh {Ca’*]

6. Chudn 49 100,00m! EDTA 0,0500M bing dung dich ZnS0, 0,075M & pH = 10,00.
Tinh ndng dd Y™ tai diém ludng duong.
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7. Ve dang dudng chudn A0 100,00m! dung dich Ca'™ 0.0100M bing dung dich
EIYI'A 0.0100M. Tinh pCa sau khi da them 13n lugt 50,00m! ; 90,00mi ; 99,90m!;
100,10mi va 105,00m! EDTA. )

8. Chufn do 100,00m! ZnSO, 0,0100M bing dung dich EDTA 0,0200M & pH = 9
(NH, + NI,Cl 1,8M). Tinh bude nhdy chuin do (pZn) dng voi sai 88 chudn
d6 ¢ = +0,1%. '

9.  Hay cho biél sy ddi mau ciia chi thj eriocrom den T theo pH va giai thich.
10. Hiy cho biét s déi mau cua chi thi murexit theo pH v gidi thich.

11. Giai thich sy déi mau khi chudn d¢ Mgz"' bling EDTA ¢ pH = 10 ding eriocrom
den T lam chi thi.

12. Hay gidi thich sy d8i mau cia dung dich khi chufn 49 EDTA bing dung dich
ZnSQ, ¢ pH = 10, dung eriocrom den T lam chi thj.

13

Giai thich sy d6i miu khi chudn 8 dung dich Ca’* bing EDTA & pH = 12
diing murexit lam chi thi.

14. Chudn do 100mi CaCl, hét 40,00m! EDTA 0,0100M dé lam déi mau r6 chi
thj eriocrom den T & pH = 10. Tai thdi didm nay co 50% fugng chi thi 16n
tai 6 dang tu do (khong tao phifc). Tinh chinh xic néng d¢ CaCl, va sai s6

chudn dé.

b

15. Chudn do 100,00m! dung dich MgCl, hét 50,00m! EDTA 0,0200M dé lam ddi’
mau 5 chi thi eriocrom den T & pH = 10,00. Bigt ring tai diém diing chudn
dd 90% lugng chit chi thi tén tai & dang ty do (khéng tao phic). Tinh chinh
xac néng d¢ MgCl,. '

16. Héa tan 0,1140g CaCO, nguyen chdt trong HCi va pha lodng thanh 250,00mi
(ding binh dinh mic 230m{). Chudn d¢ 25,00mi dung dich thu dugdc hé1 40,25m/!
EDTA. Tinh '

a) Néng do mol cla EDTA ;
b}y 6 chudn cia EDTA theo CaO.

¢) Tinh d0 ciing cha mdt mAu midc theo s8 ppm Ca* bist ring khi chudn d6
100.060m{ nudc thi phai dung hét 6,25m! EDTA ndi trén.

17. Chudn d6 25,00m/ dung dich X gm co Pb®* va Ni** & pH = 10,00 phai ding
hét 21,40m! EDTA 0,02020M (dé phdn Ung hét vdi ca hai kim loai).
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18.

M3t khac. 13y 25.00m/ dung dich X, thém KCN du dé che Ni’*. Chudn d& bén
hop hét 12,05m! 'DTA cung ndng d6 0,02020M. Tinh néng ¢ mol cla Ni?*
- 24+

va Pb™7.

}Hoa tan 0,6500¢ m&1 mAu hdp kim cia nham. Tich cac nguyén 18 can trd, thém
nudc dén 250,00ml. 1oy 20,00m! dung dich, thém Na,Mg¥ du réi chuin dé dung
dich thu duse & pH = 9 dung eriocrom den T lam chi thi h& 7,6%nf EDTA
0,1000M.

a) Tinh hing s can bing cla phan ing
APY + MgY?T = AlY + Mgt

b} Tinh ham ligng % cua Al trong hdp kim
g8y~ = 16,13 ; lgBy,2™= 869

T15-BHPT-Phan I’
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Chuong 8
PHUONG PHAP CHUAN DO KET TUA

Mac ddu cd vd s6 phan ng tao thanh hgp ch4t it tan song
sé phan Ung dung duge trong phén tich chuin d& thi hét sde
han ch€ 8¢ di nhu vay la do trong cdc dung dich logng nhisu
phin dng tao két tia xay ra r4t cham. Diac bist & khu vye gan
di€m tuong duong khi néng d6 cdc chit phan ing rit bé thi
toc do phan dng th&p khong th€ théa man duge yéu cdu cua
phan tich th€ tich. Mat khde, cdc phin dng tac két tia ciing
thuding kém theo cdc qud trinh phu lam sai léch tinh hop thic
cua phan dng (vi du sy hdp phu, céng két, taoc dung dich rédn...)

Vi vy, trong thuc t& chi ding dugc mét sé phan dng két
tia trong phan tich chudn d9, trong d6 quan trong nhat la
phan Ung két tua bing AgNO,. Do d6 trong chuong nay sé xét
cd s& I thuy&t va dng dung cia phuong phap chuﬁn do két taa
do bac.

§8.1. DUONG CHUAN PO

X6t phép chuin d$ V m! dung dich NaCl C, snolil bing dung
dich AgNO, Cmol/l.

Cdc qua trinh xdy ra bao gém :

~ Phan dng két tia :

- o ~1 — + 10
Agt + CI'" = AgCl| Kl =10
- Phan dng tao phic hidroxo cia Agt
Agt + HlO = AgOH + H* *8
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D& cho tién khi tinh dudng chudn dd ta diung tich sé tan
didu kién )

K = [Ag'T [CI'T (8.1)

& day, [Ag']’ = néng d6 cdc dang tbn tai cla ion Ag' chua
bi chudn da

= {Ag*] + [AgOH] = [Ag']l (1 +*Br") =

- 1
[Ag"] aqt ’
4

[cry {CI']

K

s

K, = Tag® : (8.2)

Apgt phu thuéc pH cia dung dich (n€u khoéng cd sy tao phic phu)

Theo dinh luéat bao toan ndéng do ta co :
cv

CAg-i- = v 2 = [Ag'] + ™ agcr _ (3_3).
Covo — |
Cor = gy, = (O + myy (8.4)

é day, M poc 14 s6 mol AgCl da két tha trong 1 lit dung dich.
Tri (8.3) cho (8.4) ta duge :

. CV - C v,
[Ag") - [C1"] = —(F—F~— (8.5)
vV + Vo
Sau khi t8 hgp (8.5) ta rit ra
V4V
({Ag'T - [CI'D =P-1=g¢q
CDVO
Kﬂ;
Bai Vi [Cl_] = *[—A?]—, nén
K, V+V,
e
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Phuong trinh (8.6) dude dung dé tinh dudng chufin dé tai
bat ki thdi di€m nio.

, V+V, CHC,
O gin di€ém tuong dwong thi

CoVo = CCO nén ta c¢ :
o Ko cre
([Ag T - [Ag+],) o - P-1=gq (8.7)

Trong bang (8.1) c¢d ghi két qua tinh dudng chufin d6 dung
dich NaCl 0,100M bang dung dich AgNO, cung néng db6.

Két qua trén bang (8.1) va trén hinh vé (8.1) cho thiy dudng
chudn d¢ cd dang tuong tu cdc duiing chusn d6 trong cdc trudmg
hgp khéc (axit - bazo, tao phdc...).

Bdng 8.1
Chuln % 100,00 mi dung dich NaCl 0,160M biing AgNO, 0,100M
Ko = 1L00,107 ; pCi = -Ig[CI] 5 pAg = - Ig[Ag*]’

pCl pAg’ [Ag“] P %
1,00 - - 0 - 100
2,00 8,00 10010f | o8 - 19
3,00 7,00 i,00.10”7 0,9801 - 1,99
4,00 6,00 1,00.10° 0,998 - 0,198
4,50 5,50 3,16.10°° 0,9994 - 0,057
5,00 5,00 1,00.10° 1 0
5,50 4,50 3,16.10° 1,0006 + 0,057
6,00 4,00 1,00.10™ 1,002 + 0,198
7,00 3,00 1,00.107 1,0202 + 2,02
8,00 . 200 1,00.10°2 1,211 + 21,1
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é gin di€m tuong duong
cd xuét hién budc nhay chudn
d6. Trong vl du vira xét, néu coi
sai sd chudn dé lag = + 0,2%
thi budc nhady chudn dé theo
pAg la tk 6 - 4 va theo pCl
la tu 4 - 6.

Dudng chudn d4¢ hoan toan
d6i xing d6i véi pAg va pCl.

Ti phuong trinh (8.7) ta
ciing thdy budc nhay chufn dé
phu thudc néng do cdc chit
chudn ds, phu thudc tich s8
tan. Trong cdc dung dich qua
loing va khi mufi ¢d dé tan
lén thi phép. chuidn d& khéng
chinh xde.

Ddi véi cdc phép chudn do
tao thanh cac hgp chdt it tan
thudec loai (M : 24, 2M : A)
thi dudrig chudn dé khéng d6i
xing qua diém tuong duong.

Hink 8.1. Dudng chuin da NaCl 0.1 M
- bang AgNO; 0,1 M

§8.2. CAC PHUONG PHAP XAC DINH DIEM
DUNG CHUAN PO TRONG CHUAN DO DO BAC

Thutmg dung cac phucng phap sau :

I - Phuong phap Mohr

K,CrO, duge ding lam chi thi d§ xdic dinh cic halogenua
bing AgNOQO,. Tai di€m ding chufin d0 cé xuit hién két tua do

nau ctua Ag,CrQO,.
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Phuong phip nay chu yéu duge ding dé chudn 46 clorua,
méc didu vé nguyén tac cd thé ding dé xdac dinh chinh xdc ca
bromua va clorua.

D6 nhay cua chit chi thi phu thude nhleu y&u t& trong d6 quan
trong la néng d6 cta chat chi thi, pH cta dung dich, nhiét da.

Cé th€ tinh néng do ion CrOZ™ dé két tha Ag,CrO, xust

hién ding di€m tuong duong cia phép chugn dé. Chang han,
trong phép chudn d4é NaCl khi két tua Ag,CrO, bat ddu xudt

hién ta ¢d :
KsAgCl _ KSASZC"O‘, (8.8)
[cr1 V C '

-
Cro?

6 day, Kja,c Kyagcro,)

Tai di€m tuong duong [ClI'] = 1075 nén néng dé cromat
1,29.10712 10710
10720
néng d6 nay mau vang dam cha jon cromat & cdn trd viéc
nhé&n ra miau dé niu cda Ag,CrO,. Thuc t€ thuong ding dung
dich K,CrO, 5. 03 Mdol1 -2 ml K,CrO, 5% d6i véi 100 ml

hén hdp chuﬁn da).

V6i néng d¢ nay cia CrOZ” thi d6 nhay ciia ion Ag* cén dé
xuét hiédn mau dd pAu rd cda k&t tha Ag20r0 la (3 -4).10"% mol/l.
Trong diéu kién nay :

2Ag" + CrO}” = Ag,Cr0,} (X, = 1,29.10712)"!

C 410° 51073
[1 2 (4,98.1073 + x)
va = [Ag*] = 1,6.107° M
Néu khf)ng tinh dén lugng Ag®' da di vao két tua Ag,Cr0O,

thi sai 86 méc phai & day khi chufn do dung dich CI" 0,1M
bang Ag® 0,1M 1a : '

g = 10710, = 1,29.10712

phiai ¢d mat 1a = 1,29.1072 M. Tuy vay, &

10710 0,2
1,6.1075 ) 0,01

g = (1,6. 1075 - = 0,02%
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con khi chuin dé dung dich ¢d néng do6 0,01M thi sai s§ la
0,20%.

Do chinh xdc chudn d6 phu thudée pH cda dung dich. Khi
tang pH qué cao thi ¢é nguy co xufit hién két taa bac oxit. Ti
cdn bdng tan cua bac oxit.

Ag,0 + H,0 = 2Ag" + 20H" K_= 4.1071®
ta thdy ¢ didu kign xudt hién két tua Ag,CrO, (CA8+ = 4.107%)
thi két tia Ag,0 sé ciing xult hién néu

—16
[OH7] = \’ &— =5.107*
(4.107%?
ing véi pH = 10,7.

( pH th&p thi d6 nhay cda chi thi giam vi d6 tan cia
Ag,Cr0, tang. Thyc t&€ trong méi trudng axit yéu :

Ag,Ct0,) = 2Ag' + CrO2™ K, = 1291012

CrOi_ + HY = HC!’O; Ka_l = (3,16.10_7)“1
, [Ag"] . )
D¢ tan cua Ag,CrO, S = 9 = [Cr0;™] + [HCrO,]
- | &
[CrO27] = SaCrOi_ (aCrOi_ = K +h) (3.9
2— KS KS
[Cro4l=m=ﬁnén ta rat ra :
: K
3 _ 5
§ = 4a
3 Ks Ka +h
va S = | \J =z K (8.10)

Chd ¥ rdng trong dung dich bao hoa trong nudc cia Ag,Cr0,

3, K
thi S = T" nén ta ¢d 46 tan cua Ag,CrO, trong méi trudng
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axit yéu S, lién hé v6i d¢ tan cia mubi nay trong nuéc bing
hé thice

. 1
3 K +h 3
h a 3
= = (8.11)
s, ( K,

Né&u trong moi trudng axit y&u d6 tan cla Ag,CrO, ting 1%
so vdi d¢ tan trong nude thi

Sy, K,+h
S, L K, o0 7

Tt day ta suy ra h = 9,58.10°% va pH = 8,02.

Do d6, trong thuc t&€ d€ bao dam 46 chinh xac cén thiét nén
tién hanh chuin d6 diung K,CrO, lam chi thi trong khu vuc
pH tu 8 dén 10, mic d4u Kolthoff va Stenger d& nghi cd thé
chudn d¢ trong khu vuc pH tit 6,3 - 10,5.

Néu dung dich c6 méi trudng axit thi phai trung hda bing
NaHCO, hodc borax. Néu trong dung dich c6 ion NH; thi phai

chufin d¢ & pH = 6,5 - 7,2 vi & pH cao qua 7,2 ¢d su hinh
thanh r6 rét NH, lam tan mét phan két tda Ag,CrO, va gay
sai s3.

D6 nhay cia ch4t chi thi gidm khi tang nhiét dé do dé tan
cia Ag,CrO, tang. Cac s6 lidu sau day cho théy sy phu thude
gita nhiét dé va d6 nhay cia chédt chi thi tinh theo ndng do
mol cia ion Ag' phai cd trong 100m! nuGe chia 2mi K,CrO,
5% d€ bit ddu xudt hién két tda Ag,Cr0,.

Nhigt 4o, °C D¢ nhay tnk theo ndng dd mal cita Ag®
20 3.10°
40 4.10°
60 9.10°
70 15.10°
80 19.10°

RG rang la d€ thu dugc d6 chinh xdc cln thi&t phai chudn
d6 & nhiét d6 thap.
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Phuong phdap Mohr cd thé cho phép chudn do dung dich NaCl
dén néng do 0,001M v4i do chinh xdc 1% néu ti€n hanh hijéu
chinh c¢én than lugng Ag* du. Theo Smith khi chuin do " thi
két qua thu duge khong t6t, cd 1& tai di€m tuong duang cd sy
hinh thanh dung dich ran giita Ag,CrO, va Agl

IT - Phuong phap Volhard

Phuong phap Volhard dua vdo phan ung chufn do ion Ag'
bang ion thioxianat SCN~ ding ion Fe** lam chi thj :

Agt + SCN™ = AgSCN|

Tai di€m cufi chuin d6 c6 sy xudt hién mau dé cta ion
phic FeSCN?*,

Phuong phdp nay dugc dung d€ chudn d6 truc tiép thioxianat
bang AgNO,, hosc chuin dé cic halogenua bing cdch cho du
AgNO; réi chuin d6 AgNO, du bing thioxianat. Phuong phap
cd uvu digdm la c¢d th€ chudn d§ trong méi trudng axit, diéu
khéng thé& thuc hién d6i vdi phuong phap Mohr.

Chdt chi thi thudng dung la dung dich bio hda phen sit (IID)
Fe(NH,)(80,),. 12H,0, tuong tng v&i néng dé 1mol/l. Khi chugn
d6 thudng dung 1 - 2m£ phén sit (III) trén 100 m! hén hgp
chuin dé. O day :

1.1
_ b -2
Crat = 100 1.107¢ mol/l
va d€ sy xudt hién mau rd phai thém 0,lm{ dung dich SCN~
0,01M, dng vai :

0,1.0,01 :
= ol -5
Coon = ~qgo— = ! 1075 molti
K&t qua tinh theo phuong trinh phan dng tao phic gitta Fe’'
va SCN~

~ Fe¥ ~ + SCN- = TFeSCNZ 10343
c 1.1072 1.10°5
[ 1 (1.1072-1.10"54x) x (1.1075-x)
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1.107% -
(————7—-—’9- = 1000 > x = §51077
(1074 +x)

Vay diéu kién d€ cd phan tung mau xuit hién 1a :
[FeSCNZ*1 2 9.107% va [SCN™]1 = 9.1077

Can luu ¥ dén cac yéu td anh hudng dén do chinh xac
chudn dé :

I. Khi chudn d6é Ag' bing SCN~ thi trudc di€m tuong duong
két tia h&p phu AgNO, (AgSCN, Ag* i NO;) nén mau dé cia
phitc FeSCN?* s& xuit hién trude diém tuong duong. D& tranh
sai s6 cdn lic manh dung dich khi chufdn dé dé chong dat can
bang.

2. Khi chufin d6 ion CI" ngudi ta thém AgNO, du d€ két
tia hét ion C1” dusi dang AgCl. Sau d6 chufin d6 ion Ag" du
bang SCN™. Khi k&t thde chudn d¢ thi lugng du SCN™ tic dung
v6i ion Fe’* cho mau dé cia phic FeSCN?'. Tuy vay, do do
tan ctia AgCl lén hon d& tan cta AgSCN nén tal di€m cubi
chuidn 4% sé xay ra phan dng gita AgCl va SCN~

AgCl = Agt + CI" 10-10
Agt + SCN™ = AgSCN 1012
AgCl + SCN™ = AgSCN + CI° 102 (8.12)

va do d6 muén lam xudt hién mau dé cia phic FeSCN? thi
phai thém mot lugng thude thd SCN™ lén hon lugng cdn thiét.
Diéu nay gay ra sai s chuén dé.

Ching han, ti phuong trinh phin tng (8.12) ta cd thé tinh
dugc nbéng d6 SCN~ phal thém vao dé bao dam su xuit hien
mau dé clia phuc FeSCN?' trong diéu kién chudn do6 da cho,
vi dy [SCN™] = 3.107% M.

AgCl + SCN- = AgS8CN+ CI° 102
C C
[ ] 3.1076 C - 3.10°°
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cC-3.107°
Tt =10 suy ra C = 3,0100* M
3.107¢
N&u diung dung dich chudn SCN~ 00,1000 thi thé€ tich dung
dich SCN™ phai cho du sau di€ém tuong duong vao 100 mi hén
hop chudn do 1a :
~3,0.107*.100

o= -*T =. 0,3ml )

vugt qua xa sai s8 doc trén buret.

DE tranh sai 6 ngudi ta tién hanh bing nhiéu cdach khdc
nhau :

- Loc két tia AgCl sau khi dun sbi huyén phit trong vai
phit nhdm dong tu keo AgCl va gidi hdp hét ion Ag*, hoac
thém KNO, lam chdt dong tu keo va dun sbi 3 phit trudc khi
loc.

~ Thém moét dung méi hitu co khong trdn lAn véi nuéc, vi
du nitrobenzen, vao hén hgp trudc khi chudn d¢ Ag* du bing
SCN~™ nhim ngin chan tiac dung cia AgCl véi SCN™.

- Tang néng 46 Fe*'. Thyc t& tai di€m cubi cia phép chuin
dd ta phai cd hé thuc :

[Ag'] = [CI'] + [SCN-] + [FeSCN%*]  (8.13)

1,0.1071%

[cr
[FeSCNZt] = 9.10°% (diéu kién xudt hién mau) vao (8.13) va
sau khi t8 hgp ta c6 :

Thay [SCN™1 = 1072[CI"] (theo 8.12) ; [Ag'] =

([CI')12 (1 + 1079 + 9.100% {CI"] -~ 1,0.10710 = ¢
K&t qua tinh cho [CI'] = 6,5.10"® va [SCN"] = 6,5.1078

Ta c¢6 thé tinh néng d6 ban ddu cia Fe> phai cd trong
dung dich d€ bio dam sy xudt hién mau ding tai diém
tuong ducong.
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FeSCNZ* = TFe¥* + SCN- K = 107303
[1 9.10°¢ C 6,5.10°%
Cpo+ = 107303 g9 1076 1 . 0,13M
© 6,5.1078

Thuc nghiém cho thdy 6 thé dung Fe®* 0,2M lam chi thi
d€ chudn d6 dén sai s6 0,1%.

Cd th€ chuéin do tryc ti€p ion CI” bang cach cho vaoc dung
dich chuin do mét lugng muéi st (UI) sao cho néng do
Cpat = 0,2M r6i thém mot lugng nhdé SCN™ va chuéin do bing
AgNOQ, dén khi mit mau dé. Khi tinh k&t qua phai hiéu chinh
lugng Ag" ¢a thém du.

3. Khi chuén d;) ion I" theo phuwong phdp Volhard thi phai
cho AgNO, du truéc khi thém Fe** lam chi thi vi néu khéng
thi Fe3* s& oxi hda ion iodua

2Fe** + 21" = 2Fe?* + I,

4. Viéc chudin d¢é phai thuc hién trong méi trudng axit dé
tranh sy tao phuc hidroxo clia Fe**. Néng do axit (thudng dung
HNO,) khéng duoc bé hon 0,3M.

Il - Phuong phip Fajans

Fajans va cic cOng tdc vién cia 6ng da dua ra mot loai chat -

chi thi k&t tia dua trén sy bién d6i mau cia chdt chi thi khi
bi hdp phu vao bé mat két tha tich dién. Ching han, khi thém
fluoretxein vao dung dich AgNO, thi khong cd sy thay ddi mau
sac. Nhung khi thém vio ddy 1 giot NaCl thi trén bé mat két
tia AgCl xudt hién mau héng. Tuong ty nhu viy rozamin 6G
bi hdp phu trén bé mat két tha AgBr tich digén am. Chd y rang
su d0i mau xdy ra trén bé mat k&t tia chd khong phai trong
dung dich.

Cac chat chi thi hdp phy thuang diung 1a fluoretxzein va céc
din xudt cta né : diclofluoretxein ; tetrabromfluoretxein (eozin),
erythrosin (tetraiodofluoretxein).
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flucretxein(Hfl) diclofluoretxein{HACI)

Eozin{HFIBr) erythrosin{HFII)

Céc chét chi thi hdp phu la nhing axit yéu.
Trong dung dich cé can bing .
HfIX = H* + X

Khi chufn d¢ NaCl bing AgNQ, thi tai diém cudi chufn do
cd sy thay d8i dién tich cta k&t tua.

Trube di€m tuong duong két tda tich dién am do od du CI” :
AgCl, CI” ¢ Na*
Sau di€m tuong duong k&t tda tich dien duong do od du
Ag*
AgCl, Agt i NO;
Trudc di€m tuong duong chdt chi thi fluoretxein khang bj |

hdp phu vao két tia, nguge lai sau di€ém twong dugng khi cd
du Ag' thi cd ean bing trao d8i ion d6i -

AgCl, Ag' ¢ NOJ + I == AgCl, Ag* i i + NOj
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va anion fluoretxein flI” bi hdp phu vac bé méat két tda, bi phén
cuc va bién dang dudi tdc dung cia ion tao thé Ag' din tdi
su thay ddi mau sdc ti vang xanh sang hong.

D6 chinh x4ac cia phép chudn dé vdi chﬁt chi thi hdp phu,
phu thutc céc y&u t6 sau : :

1. Tinh hdp phu chonr lpc cia chdt chi thi

Trudng hop li tudng nhat 1a ch4t chi thi phai d6i mau ngay
sau di€m tuong duong khi dign tich két tia vita d8i ddu. Nhung
di€u nay cdon tily thubc vao quan hé gita lyc hép phu cda anion
chdt mau va anion ludi. Sy hfp phu khéng chi phu thuéc vao
tuong tdc tinh dién ma cdn phu thudc vao tinh chdt phan cuc
cha cic chidt, vi vy anion chdt mau rdt c6 thé hdp phu chay
dua v6i anion lugi. Chidng han, eozin ¢ thé diy ion ClI” va
chiém vi tri ion tao thé&

AgCl, CI” i Na* + flBr = AgCl, flBr ;{ Na' + CI°

do d¢ su ddi mau lai xdy ra trude difm tuong duong.

2. Ank huéng cia pH

Ch4t mau bi hdp phu chd y#u d dang anion, ma ndng do
cia ndé phu thusc pH, vl viy khi chuéin do phai duy tri pH

thich hop sao cho nfng dd anion mau du ldén dé bao dém cin

bang hip phu va sy d3i mau ro.

Fluoretxein 1a axit rdt y&u (K, = 10°7), do d¢ khong thé
chudn dé & pH < 7, vi khi 4y ch4dt chi thi t6n tai chh y&u &
dang khéng phan 1i va kha nang héip phu bi han ch& Mat khéc,
ciing cdn luu ¥ la dang axit cda fluoretxein it tan trong nudc.
Diclofluoretxein 13 axit manh hon (K, = 107%), mat khéc kha
nang hép phu clia anion nay manh hon nén cd th€ chudn do
o pH thip.

Trong bang 8.2 cd ghi pham vi Ung dung ctia mét sé chat
chi thi thuéc diy flnoretxein.
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Bdng 8.2
_Tinh chit v pham vi Gng ding ciia mét s& chit chi
thi thuge diy fluoretxein
. . Néng d6 thip
Chat chi thi | '™ Cﬁ;‘o‘h"'én c%:?n pH |  Bién déi mau nhat cd thé
j chun do molll
Fluoretxein CI” (Br, 1) | Ag* [7-10|vang luc — d6 héng 5.10°
Diclofluoretxein { C1~ (Br ™, 17y | Ag* |4-10]vang luc — do 5.0
Eazin Br, 1" SCN™ | Ag* |2-10|héng thim —» a6 5.10"

3. Tink chit b2 mit cida két tia

Su haép phu phu thuéc nhiéu vao bé mét tudng rédn, Né&u két

tita bj doéng tu khi chusin 46 thi ch&t chi thi hdp phy s& kém
tdc dung. C4n trdnh sy cd mat céa csc ion kim loai da hda tri
(nhu AI**, Fe3*) c6 tac dung lam déng tu manh k&t tha. D&
trdnh dong tu cd thé cho vao hén hop chugn d6 moi chit keo
bdo vé, vi dy khi chuin d6 ClI" cé thé€ cho dextrin, gelatin.
Khong duge chuin d§ cac dung dich dac qué vi sy déng tu sé
xay ra dé hon (ndng d¢ chudn d6 khong duge qud 0,025M).
Ngoai cdc chdt chi thi anion, ngudi ta cing diing ci cdc chit
chi thj cation nhu metyl tim, rozamin 6G, metyl vang v.v...

§8.3. CAC PHEP CHUAN PO KHAC

Khi thudc thi lam két taa c6 tinh chat oxi héa — khi thi
¢ thé dung chdt chi thi oxi héa - khi d€ xse dinh difm cusi
chudn d¢. Ching han, khi xac dinh Zn2*, Pb2* bing kali feroxianua

- 822" + 2Fe(CN){™ + 2K* = K,Zn, [Fe(CN),],
thi cd thé€ dung diphenylamin lam chi thi kém thém mét lugng

it kali ferixianua. ¢ day cap ferixianua ~ feroxianua quyé&t dinh
thé cha hé
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Fe(CN)E“ + e = Fe(CN);™ E® = 0,36V .

[Fe(CN)?]

E = E° + 00891l g —————
[Fe(CN); ")
Trudc di€m tuong duong ndng do cia feroxianua thdp, thé
cia hé 16n, diphenylamin tén tai dudi dang oxi hda c¢é mau
xanh. Sau di€m tuong dudng khi ¢ du feroxianua th& cta hé
 giam va diphenylamin chuy&n sang dang khit khéng mau.

Mot s6 thuSc thit 1lam két tia khac ¢ tinh chdt axit-bazo.
Lugng du cia ching s& lam thay d8i pH cta dung dich, vi vay
cé thé dung chdt chi thi axit-bazo d8 xdc dinh di€m cubi chudn
da. :

Vi du, khi xac dinh néng d6 Mg?*, Ca®" cé trong nudc cd
th& diung thude thd nairi panmitat la mot bazg yéu. Trudc diém
tuong duong pH < 8. Sau diém tuong duong khi cé du jon
panmitat thi pH > 10. Vi vay cé thé€ dung phenolphtalein dé
xac dinh di€m cu6i chudn do.

§8.4. THUC HANH VE CHUAN DO KET TUA

I - Xac dinh néng dé ion C1I” theo phuong phép do bac
1. Phuong phip Mohr

Can chinh xdc cd 0,1g mudi natri clorua, hda tan trong binh
dinh mtc 250m! va thém nude dén vach. Dang pipet hit 25,00m!
dung dich phén tich cho vao binh chuéin d3, thém 1mi dung
dich chi thi K,CrO, 5% r6i chudn d¢ bang dung dich AgNO,
0,0100M dén khi chuyén td¥ mau vang cia dung dich sang mau
dé gach cia huyén phu.

Ghi s6 ml AgNO, da diung. Lap lai thi nghiém 3 l4n, ldy
trung binh cdc k&t qua thu duge. Tinh ham lugng % cla clo
‘trong mudi.
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2. Phuong phdp Volhard
a) Xéc dinh ndng dé dung dich NH SCN chudn (C ¢4 0,0100M)

Dung pipet 14y 10,00m/ dung dich AgNO, 0,0100M vao binh
chuin d§, thém 5ml HNO, 6M, lm! phén .sat (III}) va thém
nudc dén 50m!i roi chudn d6 bang dung dich NH,SCN dén xu4t
hién mau héng nhat. Ghi th€ tich NH,SCN da dung va tinh
néng d¢ dung dich NH,SCN chuén. Lap lai thi nghiém 3 ldn,
ldy trung binh céc k&t qua thu duge.

b) Dung pipet 14y 20,00m! dung dich mudi clorua vae binh
chuén d¢, thém 5m! HNO, 6M, thém ti€p 25,00m! dung dich -
AgNQ, 0,0100M. Thém ti€p 3m! dung dich nitrobenzen va 1ml
phen Fe(IIl) r8i lac ki cho téi khi dong tu két tha. Chudn 4
h6én hgp bang dung dich NH4SCN chudn d&n xuét hién mau
héng nhat khong mét khi ldc trong § phit. Ghi thé tich NH,SCN
da diung. Tinh ham lugng % cua Cl trong méu.

¢) Lap lai thi nghiém ¢a lam nhung khéng cho nitrcbenzen
va phén sat (III) ma thay bang 5m! Fe(NOQ,), 2M. So sdnh véi
cac két qua thu duge trong thi nghiém b},

d) Hiat 20,00m! dung dich phan tich NaCl vao binh chudn
do, thém 15ml HNO, 6M, 10m!l Fe(NO,}, ZM va 1m! dung dich
NH,SCN chuéin. Chuén d6 bing dung dich AgNGO, 0,0100 M khi

khufly tron manh dén khi m#t mau dé cta phic thioxianat
Fe(Ill). Ghi th& tich AgNO, da ding r6i trit di um! (dung d¢
chudn 46 1mi NH4SCN chudn). Tinh ham lugng % cia Cl trong
mAu. So sdnh két qua thu duge véi két qui trong hai thi nghiém
b) va c).

3. Phuong phdp Fuajans

Hut 25,00m! dung dich phan tich NaCl vao binh chuin do.
Thém 5-10 giot chi thi fluoretxein 0,1% trong rugu 70% réi
chufin d§ bang dung dich AgNO, 0,0100M, lic déu, khi gin két
thic chufin dd (cdich d9 1m! trudc khi dat dén diém tuong
duong) thi thém titng giot dung dich AgNOQ,, ldc rdt manh cho
tsi khi két tia chuy&n tit mau tridng sang mau héng. Ghi thé
tich AgNO, da dang. Tinh ham lugng % cia Cl trong miu. So
sdnh v4i cdc két qua da thu dugé trong cac thi nghiém & trén.
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II - Pinh lugng NaBr

Cd th€ si dung cd 3 phuong phap Mohr, Volhard va Fajans.
1. Phuong phip Fajans

Phuong phap Fajans cho k&t qua rat t6t khi ding eozin lam
chi thi. C6 thé chufn dé cA cdc dung dich rdt lodng.

Hut 25,00m{ dung dich NaBr (C ¢g8 0,01M) vao binh chudn
dé. Thém 1-3 giot dung dich mudi natri cta eozin 0,5%. Chuin
d¢ khi lic manh bing AgNO, 0,0100M cho dén khi k&t tia ddi
mau td tridng sang hong dam.

2. Phuong phdp Volhard

Phuong phiap Volhard cho k&t qui t6t vi AgBr khéng phan
tng ré v6i SCN-. Hut 25,00m! dung dich NaBr (C co 0,01M
vao binh chudn d¢ thém 2m! phén sat (III), 20m! HNO, 4M ;
0,200m! dung dich NH,SCN néng 46 cd 0,10M. Chudn dé bang
AgNO3 0,01000M cho d&n midt mau dé gach. Lam thi nghiém
ddi ching, trong cung diéu kién (khi thay NaBr bing nudc cdt).
Ghi thé tich AgNO, da ding va trif di thé tich dung dich chuén
AgNO, da dung trong thi nghiém déi ching.

IIT - Dinh lugng iodua

Phuong phdap Mohr khéng cho két qui chinh xdc. Phuong
phip Fajans cho k&t qud t6t v&i cde ch&t chl thi hdp phu
fluoretxein, diclofluoretxein v& eozin. T4t nhdt la eozin, vi cho
k&t qua kha tdt ngay cd khi chufn d¢ cde dung dich rdt loang.
Phuong phdp Volhard cho k6t qua rdt t6t. Nhung chi duge cho
phén sit (III) sau khi da lam k&t tda I° bang AgNO, (tranh
bi oxi hda bdi Fe?*).

IV -Hé6a chédt dung cho chufin d§ két tia

1. NaCl (rdn) hoac dung dich 0,01M
2. NaBr 0,01M

-3. Nal 0,01M

4. NH,S5CN 0,0100M
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5. AgNO, 0,0100M

6. K,CrO, 5%

7. Phen sit III : dung dich bio hoa phén sit (III) amoni
8. HNO, 6M

9. Fe(NO,), 2M
10. dung dich fluoretxein 0,1% trong rugu T0%

11. dung dich mudi natri cia eozin 0,56%.

CAU HO!I VA BAL TAP

Chudn do 50,00 m! dung dich AgNO, 0,0200M bing dung dich NaCl 0,0400M.
Tinh pAg va pCl khi da thém a) 24,00 m! ; b) 24,98 mi ; ) 25,02 m{ va 26,00 ml
NaCl. V& dang dudng chudn de.

Chuan d¢ 100,00 m! KI 0,00500M bing AgNO; 0,0100M. Tinh pAg, pl sau khi
da them a) 45,00m! ; b) 49,95m! ; c) 50,03m! va 55,00ml AgNO,. VE dang
dudng chudn d9.. _

Tinh budc nhiy pAg va pBr khi chudn d9 dung dich NaBr 0,01000M bing AgNO,
0,01500M néu sai s8 ¢ = =0,1%.

Chuin 48 100,00 m/ NaBr bing dung dich AgNO, 0,0100M. Sau khi thém
50,00 m! AgNO, thi sai s8¢ mic phdi 14 +0,3%. Tinh ndng A NaBr.

Chudn d¢ 50,00 mi NaCl 0,0100M bing AgNO; 0,0200M diing K,CrO, 5.10 M
lam chi thi. Tinh sai s6 chuin 40 nfu chudn d¢6 dén via xuft hién mau niu
gach (coi lugng két tha Ap,Cr0, ta khong ding ké).

Tinh néng ¢4 ion CrO}~ phai co trong dung dich NaBr dé khi chufin ¢4 bing
AgNO, thi két tla Ag,CrO, xuft hign ding diém tuong duong.

Néu dung K,CrO, 2,0.107°M lam chi thj trong phép chuin do KBr 0,0100M
bing AgNO; 0,0200M thi sai s6 chudn do 1a bac nhiu ? (coi lugng Ag,CrO,
xufl hién khong dang k). Coi pH cua dung dich duge giii bing 9,00,

Chufn do 100,00 /! KSCN ding K,CrO, 3.10 M lam chit chi thi hét 50,00 m!
AgNO, 0,07500 M. Tinh néng d¢ KSCN va sai 56 chufn d¢ (bit dfu cé két tia
AgyCrOy). '

Neéu nhing nguén gdc sai s6 khi chudn d9 ion CI~ theo phucng phip Mhor.
Néu nhiing nguén géc sai s& khi chudn d6 jon C1” theo phuong phap Volhard.
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10.

Nguyén tic cua phép chudn do cac halogenua theo phudng phap FFajans. Vi san
dd chinh xic chudn d¢ phy thusc pH ?

11. Veé dang ducng chudn d6 hén hep C!°, Br va | bing AgNO,.

12.

13.

14

15,

16.

17.

18.

19.

20.

Giai thich vi sao diing nitrobenzen cé thé 1am gidm sai s§ khi djnh lugng C1°
theo phudng phap Volhard.

Tinh hing s4 can bing cba cic phin ing say :

a) AgCl} + SCN™ = ApSCN} + Cl~

b) AgBr} + SCN~ == AgSCN| + Br

¢) Agl{ + SCN~ & AgSCNY + I~

Céc phan ing niy 4nh hudng nhi thé nao 16i phép chudn do ting halogenua
theo phuong phip Volhard ?

Pha ché dung dich AgNO, tieu chudn bing cich can 1,768 gam AgNOQ,, hoa
tan vao nude va pha loing thanh 250,00 ml.

Tinh d¢ chufn cba AgNO; theo : a) CI™ ; b) Br ; ¢) Cal, ; d) NH,SCN.

Tinh néng 40 mol cia dung dich AgNO, va dd lgch chudn (1rong bai 1ap 14)
Bi¢1 rdng do l¢ch chudn khi cin 1a 0,0002 gam va khi do thé tich 1a 0,2 mi.

Cho NaCl du vao 25,00 m!/ AgNO, Loc két tda, 1am kho, can dudc 0,4306 g.
Mit khac, néu chudn do 50,00 mi AgNO, trén thi hét 32,58 ml NH,SCN.

Tinh néng d¢ mol cia AgNO,; va NH,SCN.

Chuidn d¢ dung dich chifa 0,3074 g hdn hap gém c6 NaCl va NaBr trong do
NaCl chi€m 80% bing AgNO, 0,1005 M. Tinh s6 m/ AgNO, phai dung.

Hoa tan 1,988 gam hén hep pdm KBr va Kl vio nudc va pha lofng thanh
500,00 m! (dung dich A). Chuin dd 25,00 m! dung dich A theo phudng phap
Fajans thi hét 11,52 m! AgNO; 0,0568 M.

Mt khac, 14y 50,00 m! dung dich A, ché héa vii chdt oxi h6a dé oxi héa 1~
thanh I, v sau d6 tach I, bing phudng phap chié. Chuin d¢ dung dich cén
lai hét 7,10 mi AgNO, 0,0568 M. Tinh %KBr va KI ¢é trong hén hgp.

Mt hén hdp X chi chila NaCl va KCL Héa tan 0,1225 gam X vic nudc rdi
chudn 0o bing AgNO, theo phuong phip Mohr hél 15,62 m! AgNO, 0,1170 M.
Tinh % khéi luong cia méi mudi trong hdn hop.

Hoa tan 1,000 g mot miu phan bon photphat vio nudc. Thém 20,00 m!
AgNO, 0,2000 M dé 1am ket tia photphat dudi dang Ag,PO, Chufn d6 Ag"
du hét 8,00 mI KSCN 0,1200 M. Tinh % P,0, trong mAu phan bon.
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Chueang 9
PHUONG PHAP CHUAN PO OXI HOA - KHU

§9.1. DPUONG CHUAN DO OXI HOA - KHU

D& mo6 ta qud trinh x8y ra khi chudn d6 ta ding dudng
chudn dé bifu dién sy phu thube giita th& vdi thé tich thude
tht da diung (E-V) hodc véi ti 88 mol clia cac chit tham gia
phan dng chudn d6 (E-P).

Khi cho m¢t thé tich xdc dinh dung dich chufn cta chat oxi
héa hodc khi vao dung dich cdn chu&n d8 (chwa chat khi hodc
oxi hda) thi x&y ra phan dng oxi hda - khi. Phan dng nay lam
thay d6i ndng d¢ cta cdc chit phan ng sao cho khi can bing,
th& oxi hda céa hai cip oxi héa - khi tré nén bihg nhau tai
moi di€ém cda dudng cong. V& nguyén tic, d€ tinh thé€ tai cac
thti di€m chufn d0 cd th€ si dung phuong trinh Nernst ap
dung cho cac hé oxi hda - khi b4t ki tham gia trong phan dng
chudn d¢. Tuy vay, trudc di€m tuong duong néng d6 chit phan
tich con du so véi néng d6 thudc thir, vi vy cap oxi hda -
khit Wing véi thude thi khong phai 1a cap dién hoat va cdn tinh
thé& oxi héa - khit cia hé theo cap ting véi chdt phan tich. Sau
di€ém tuong duong néng d¢ chdt phan tich la vo cing bé, vi
vay cap oxi hda - khit dng v6i chit nay khong phai la cap dien
hoat, do d¢ phai tinh th& cta hé theo cap ing v6i thube thu.

Tai di€m tuong duong, thé duge tinh dua vao viéc t8 hogp
cdc bi€u thdc tinh th& cho cA hai cap oxi hda - khi dng voi
chdt phan tich va thuéc thi. Gia tri nay la gia tri U thuyét,
boi vi & thoi di€m nady, cA hai cap déu la khong dién hoat va
thé ¢ day la th€ "hén hop".
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D€ tinh thé€ phai dga vao phuong trinh Nernst ap dung cho
cdc nda phan tdng oxi héa - khi. Cd th&€ dung thé dign cuc
tieu chuidn E“ th& phu thudc hoat d6 cdc chat. Co thé diung
thé tidu chudn diéu kién (thé& tiéu chuin thuc) EY, thé phu
thugc noéng dé can bang. Cd thé diung thé didu kién (th& thuc)
E’, thé phu thudc tong néng do can bing cde dang tdn tai cua
tung chat oxi hda, khit (bao gfm ion, phiuc hidroxo, phic phu
v.v.L)

I - Trusng hgp khi s6 electron trao d8i trong cdc nira
- phan ing oxi héa va khu la bang nhau

Ta hay xét trudng hop don gidn khi chudn d¢ V m! dung
dich sat (II) sunfat FeSO4 COM bing dung dich xeri sunfat
Ce(80,), C M trong H,50, 1M. D€ cho tién & day ta ding dai
lugng thé diéu kién E’ thay cho thé& tiéu chudn E°.

Emyrerry = 068V va

Ecervyceny = 1,44V (@ 25°C)
Phan dng chuéin d¢ dién ra :
Fe?* +Ce*" = Fe¥* + Ce¥* gk =(1,44-0,68)/0,059 = 12,88

Trude diém tuong duong : dung dich cé Fe(ll); Fe(lll) va
Ce(I11) : .

[Fe(1ID)1D

E=£ [Fo(ID)]

pequyreay T 0,059 1g
8] day :

(9.1)

cv

(Fe(IID) = (Ce(ID] = Ceryy = v gy i

cYV, - CV

0

[Fe(I)] = ViV

(1) Ki hiéu kém s§ la ma dé chi téng nng 46 can bing cia cac dang 16n tai trong
dung dich cla Ghc chAt tuong (tng, vi du {Fe(II)] = (Fe' 7] + [FeOH?" | + [Fe(OH), ] + .
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TS hgp phuong trinh (9.1) va ki higu

E ) E’
Pe = 0,050 ° P = 0050 (9.2)
ta co
: cv
pe = per, t 1g 700‘,0 —Cv (9.8)
E_n.n
. , Fe /Fe
Chia ca hai s6 hang dudi log cho CV, va chi y ring
cv
P= ,qg=P-~-1 (9.4)
COVO
1+
ta cd pe=pe’+1g1fp=pe’+lg 7 (9.5)
T (9.5) ¢ thé suy ra
P = 102P¢(1 + 105P°) (9.6)
Ape = pe - pe’
1
= ———— 9.7)
17 1Y 1o - (

Sau diém twong duong : dung dich ¢ du Ce(IV), ngoz‘ai
Ce (II1) va Fe(IID)

- B | [Ce(IV)I() .
E = Ecqivyceqan * 0,059 1g [Ce(fiD] (9.8)
hosc theo ki higu (9.2) thi[c V]
- &
Pe = Pece * 18 [Geiin)]
- CV - CDVD COVO
. v - CGV0 :
Pe = Pece Y18 —F5v— | (9.9)

0 O

+ Xem chd thich & trang 246.
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Két hgp (9.9) v&i (9.4) ta cd :

pe = pe'cc + lg(P - 1) = pe"Cc + lgg (9.10)
T (9.10) ta suy ra )
P =1+ 10%¢ va g = 108 (9.11)

Tai diém tuong duong : thanh phén chu y&u la Fe(IIl) va
Ce(Ill), trong dd

[Fe{IID] = [Ce(III)] va : (9.12)
[Ce(IV)] = [Fe(ll)] (rdt bé)
. [Fe(IID)}
pey = Pe, + lg [Fe(dD)] ©13)
, [Ce(IV)]
| Pey = Pec. + g o) (9.14)
Cong (9.13) vai (9.14) va td hop lai ta ¢ :
_ Pere t Pece l lg [Fe(Il)] [Ce(IV)]
Péa = 2 [Fe(Il)] ~ [Ce(IID)]
Chia y d&n (9.12) ta rit ra : _
Pe. + Pec .
Py = . (9.15)
Bdng 9.1
K&t qui chulin d) dung dich Fe(ll) bing dung dich Ce(IV)
’ . 0,68 . 1,44 i
trong H,50, (pH = 0) pe; = .05 = 11,52, pe... = 0.059 = 24,41
p q % ' pe E v
0,090 -9] 10,515 0,620
0,50 -50 11,52 0,68
0,90 . ~10 12,474 0,736
0,99 -1 _ 13,516 0,797
0999 -0,1 14,520 0,857
1,000 0 17,965 1,060
1,001 : +0,1 21.41 1,263
1,01 +1,0 22,41 1,322
1,10 +10 23,41 1,381
1,20 +20 23,71 1,399
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Trén hinh 9.1 ¢¢ vé dudng chuin dé dung dich Fe(II) bing
dung dich Ce(IV) theo toa dd pe-P va E - P dua vao cdc sé
ligu trong bang 9.1. Duong chudn d6 doi xing d6i voi di€m
tuong ducong. Budc nhay chudn d6 dng véi ¢ = 10,1% kéo dai
S td E = 0,857V dén 1,263V hoiac pe tit 14,52 - 21,41.

Ep pes
1.5 i !
A7 .
1.4 4 25+
% 24+ PRt
13 ! 23: 4
! 22 .’
1.2 241 |
| 20+ i
1,1 o 19+ _;
18- i
1.0 i 17- |
5 16- i
08 | 15
14+ |
0.8+ / 13- /
. e 12 - T
061 M. -
1 P 1 [2

Hink 9.1. Dudng chudn do 100m! Fe** 0,100M bing Cc** 0,100M

NGi chung d6i v6i cac hé oxi hda ~ khit ma s6 electron trao |
d8i gilta cic chdt oxi hda, khit tham gia phan ung la gi6ng nhau
Ox, + ne Kh, '

Kh2 Ox2 ~ ne

I3

Ox, + Kh, = Kh, + Ox,
thi ta déu thu dugc k&t qua tuong tu.

- Thé& tai cidc thoi di€m chudn d¢ (trude va sau di€m tuong
duong) khéng phu thude ndéng dé cdc chdt. phan dng, ma chi
phu thufc sai 8§ chudn d6
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P

Vg,

- Thé tai diém tuong duong la trung binh cdéng cla cdc thé
thue cta cac cap oxi hda - kha.

- Dudng chufn d6 d6i xing d6i véi di€m tuong duong

E, +E pe, + pe,
A B A B
Ey=—5" , Pog= "5 — (9.16)
Di nhién, n&u tinh theo thé& tiéu chudn thi (9.16) phai viét :
(EL + ER) (pe} + pep)
E, = g, PeE g v

II - Truong hop khi s6 electron trao ddi trong cdc nia
phan (ng oxi héa va khit 1a khdc nhau

Ox, +n, = Kh, E
Kh, = 0Ox, + n, E2
Gia s ta chudn doé V ml chdt kht Kh, C, M bang chit oxi
héa Ox C M.
Tmoc diém tuong duong
Dung dich ¢d du Khz. Cap dién hoat Oxsz.hz
Phucong trinh phan dng chudn do :

n,O0x;, . + n,Kh, —+ n,Kh + n10x2
n® cv c.V,
v
‘E -
max nz
n
n - (CYy = - CV) v
nz ﬂ.z
. 0,059 [O%)
a 2500 E = Ez Y
n, °(Kh)
. 1 : [Ox,]’ (
ay = g T 9.17)
pe = pe, * o, 8 i
) 1 n CV
pe = pe2 + E; lg m (918)
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A .

Bdi vi Cy = nC,, nén dai lugng dusi log cia phuong trinh
(9.18) chinh 1a ti 86 s8 duong lugng cta chit Kh, da bi chuin
d¢ d6i vai s6 dudng lugng cha chit khi Kh, chua bi chudn do

CVld CoVo
Tai di€m tuong duong : £ = 'nz = n
nén "V _ P.=1 (9.19)
nzcovo v
n,CV
va g=P-P,=P-1-= CV_I (9.20)

Chia 2 s6 hang dudi log cia (9.18) véi n,C V,_ ta duge
pe = pe'2+n—21g"l'%= pe-2+:_21g1__'%?_ (9.21)
Ta duge bi€u thdc gifng nhu (9.5), cd khac & day P la ti s8
s8 duong lugng ma khong phai 1a ti s§ s6 mol.
Seu diém tuong duong : Tinh theo cap Ox /Kh,
(Ox,)’ E1

pe = pe, + n, 8 i (P& = 5,059 (9:22)

[Ox,]' va [Kh} chi t8ng néng d can bang cdc dang cia chAt
tuong dng _
Cang Ili luan tuong ty nhu trén ta cd :

LS ]
ny n CV nZC V
ng °° n
n;
[Kh)) = = Y,

pe = pel + n— lg ___T (923)
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Két hgp (9.23) vai (9.20)

1 .1

Bigu thde (9.24) tuong tu (9.10), cd khac 1a P 1a ti s6 sé
duong lugng.
Tai diém tuong duong. T8 hgp (9.17) véi (9.22) ta cd :

| 0%y [OxT
(nl + nz)pelc‘! = n,pe + n,pe, + lg [—K"l-_];l', . *[*"K"l'l*l-]'; (9.25)

Ta chdng minh dé& dang tai di€m tuong ducong ti s6 dudi log
cua (9.25) bang 1, vi vay :

npe; + nype;

(9.26)
+ n,

Pé€y = n,

Ta xét trudng hop chuin do Fe* 0,100M bang MnO, 0,100M
(pH = 0)

Fe* =Fe** +e E, = 0868V, pe, = 11,52

MnO; + 8H' + 5¢ = Mn%" + 4H,0 E| = 1,51V, pe, = 2559

11,52 + 5.25,59
Tai diém tuong duong : pe, = 5 = 2825

E,= 1371V

td
Budc nhay voi sai 86 ¢ = + 0,1%
1 — 0,001

peg = 11,52 +lg —gg0r— = 1452 E, = 0857 V
1
pe, = 25,59 + £ lg 0,001 = 24,99 E, = 1474 V
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Bdng 9.2
Chuln dp Fe(NI) 0,100M bing MnO, 0,100M trong
H,S0, (pH. = 0) pe; = 25,59 pe, = 11,52
¥ Q% pe EV
0,09 -9 : 10,515 0,620
0,50 -50 : 11,520 0,680
0,90 -10 12,474 0,736
0,99 -1 13,516 0,797
0,999 -0, 14,520 0,857
1,00 Ju 23,25 1,371
1,001 0.1 24,99 1,474
1,010 I 25,19 1,486
1,10 10 25,39 1,498
E pep
1,5 ( !
14 251 _ -
' : 24+ [
13 _ 23;'— ]
o 22; !
12 214
: 201 ‘
1.1 . 191
18] |
10 17- }
i - 16+ |
0.9 ] 151 !
0 J o |
8t -
T 12] _/',-f/
0.6 ’//" 114 /__.//
R e .
1 P 1 P

Hinh 9.2. Dudng chudn @0 100mi Fel* 0,100M biing KMnO« 0,100 M & pH = 0
Két qud chudn do duge trinh bay trong bang (9.2) va bidu
dién trén hinh (9.2).

Cdc bigu thic (9.21), (9.24) va (9.26) cho théy thé tai cac

. di€m chudn d6 khéng phu thude néng d6 cda céc chdt phan
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ing. Duding chusn d6 khong phu thuéc néng do cta chdt chudn
va ch&t cdn chudn ma phuy thudc cdc gia tri E(E”) cia méi
caAp va sai s6 chudn d¢.

Tuy vAy cln cha ¥ ring dudng chuin d6 khong d6i xing,
nghia la gia tri pe , hoic E,, khong ndm gifta buéc nhdy chuéin
do. Trong két qua tinh 0 bang (9.2) ta thdy
0,857 + 1,474

2

Cac diéu kién ap dung cac hé thic (9.21), (9.24), (9.26) cing
giéng nhu cac diéu kién da ndi & cudi muc I

E, = 1,371 = (= 1,17

III - Trudng hop khi hé s§ hgp thic cia 2 dang cia
it nh&t 1 trong 2 ciéip oxi héa - khi 1a khdc nhau

Vi du, xét phép chudn d6 V_m! Fe?*C_ M bing Cr,0i” C M
¢ pH = 0.
Fe?* = Fe* +e E, = 0680V
pe, = 11,52 (25°C) -
Cr,02” + 14H* + 6e = 2Cr*+7TH,0 E, = 1,33 Vv
pe'l = 22,54 (259C)
Trude diém tuo.ng ditong : Cap quyét dinh thé la cap Fe¥*/Fe?
nén ta cd thé ap dung phuong trinh (9.21) véi n, = 1
Tai 'diém tuong duong
Cr,02" + 6Fe?* + 14H’ = 2Cr™ + 6Fe™ + 7TH,0 (9.27)

K = 105
n® CV COV0

K r4t lon, phan dng xay ra hoan toén

acv

cac . +
Thanh phén gi6i han : Cr VERA

Ft CV IV + V)
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2CrT 4+ 6Fe* + TH,0 =Cr,02" + 6Fe?* + 14H* K = 10765

c v CVo
V+ Va V+ Vo
20V Covo
[}(V+VO—2) (___V+VD_6x) x fx
ey 2
peld peZ g {Fez-I-]:
1 [Cr0fr

Pa = P T 8 gy

Sau khi t8 hgp :

P + 6pe; | pe+p [CrOY
=" "4

P =77 7% FET 1052 o
COVD -Gx
pez+ 6pel N 1 V+V0 x ) e
Pég =7 78— LAY (9.29)
: (V+v - )
Q
' COVO .
Tai di€ém tuong duong CVy = g X rdt bé so vai VEV,
cCv .
. o o
T8 hop (9.29) vai (9.30) ta rit ra :
pe,+6pe, V+v,
Pha = 77 — *7 18 45y hoac
pey*6pe; 1 peyt6pe; 3
peld= +—lg — = +—Ig——-‘——,— (931)
7 77 21c84 7 77 21Fe’*),

Nhu viy, th& tai difm tuong duong phu thudc néng d§ cia
cdc chdt phin dng.
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Bdi vi [Fe3+]‘ = —.—.0—0— . ma _,E’_ = — nén
1d . Vld + Vo th Co
8CC_ pe' +6pe' (C_+6C)
3+q" — o b _ 2 1 l [a]
(Fe''Ta =g rec © "™ Pw =7 —+718 —4og - (9.32)

Sau diém tuong duong

Cr,02” + 6Fe® + 14H' — 2Cr** + 6Fe* + TH,0

co cv GV,

VHV, VY,

COVO
Fmax 6(V+ V)
. V-V, CV.
6V + V) 3V
pe = pe +glgW(IH+J = 1)
6CV — CV, B(V + V)
" ]. o o :
pe=pitgle —cy Ty, @3

O gin sat diém tuong duong cd th§ coi C )V, = 6 CV, do
d6 cd th€ tinh gin dang :
. 1 1 C, + 6C
Qa

. Nhu vy, sau diém tuong duong th€ bi quyét dinh bdi cap

Cr,037/2Cr** nén phy thudc ndng do cac chdt phan ung. Vi du,

khi chufin d6 Fe?* 0,0100M bing Cr,02~ 0,0200M & pH = 0 :
11,62 + 6.2254 1 0,0100 + 0,1200

Pha = T M YT R

Budc nhay chudn d¢ dng v6i ¢ = % 0,1%.
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- pe, +1g 120001y = 0,857V
ped - peg g 0,001 - H Ed - ’

L1 10,0100 + 0,120
pe, = pey + ¢ g 0,001 + 7 Ig

= 22,41, E_= 1,322V

6 8,00.1074
& pe A
15 I
14 o 251
| 244
13 _ ! 231[ -
_ -1 224 |r
21 i 21-
| o |
11 '; 19 I
| 18
1.0 o 17+ : :
! ' 16+ |
0.9 ' | 15 }
j 144
0.8] - / 13t J
e 12 o
net 1M _
b o e i el s
1 p 1 )

Hink 9.3 : Dudng chodn dg 100,00m! Fez+ bing CQO‘}_ 002M o pH = 0

o) day, ta cing lai thdy dudng cong chuin d¢ khéng d6i xing
qua di€m tuong duong.
Trén bang (9.3) cd ghi két qua tinh dudng chudn d¢ va trén
hinh (9.3) ¢d vé dang dudng chudn 4§ li thuyét.
Bing 9.3
K&t qua tinh dwdmg chuln 49 100,00 m! Fe’* bing Crz()%_ (pH = 0)
Crt = €, = 0.0100M ; Co i~ = € = 0,0200M, pe, = 22,54, pe, = 11,52

07
P q% pe | EV p q% pe EV
0,09 -91 | 10,515 | 0,620 1,00 0 21,28 1,256
0,50 -50 11,520 | 0,680 1,001 +0,1 2241 1,322
0,50 ~10 12,474 | 0,733 1,04 1,0 22,57 1,332
| o099 -1 13,516 | 0,797 1,10 10 22,74 1,342
0,999 -0,1 14,520 | 0,857
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§9.2. CHUAN PO TUNG NAC

Néu dung dich chuin do chda hai chit khi cd th& dién cuc
tiéu chuéin khdc xa nhau thi c6 thé chudn d6 riéng ré chung
bing mdt chdt oxi hda thich hogp tu’ong ty nhu chudn dé hén
hgp cdc don axit bang bazo manh. Chidng han, vé nguyén tic
cd thé chudn dé riéng cdc ion trong hén hgp Sn?*, Fe?* bang

Ce**. Bdi vi Egu+go+ = 0,18V « Efia+ .0+ (0,771 V) nén khi
chuén do bing Ce*' thi mdi dau Sn?* bi chudn d% truge. Thé

tai di€ém tuong duong thd nhit

2EQ 4+, 2+ + EC 44, 3+
St : 2.0,15 + 1,44
E = n'" /Sn Ce' T /Ce _ , 1.4 - 058 V
|1 3 3 _
O thoi diém nay
[Fe*t]
0,58 = 0,77 + 0,059 1
& [Feh)
Fe3t
va L ] = 10732 = 6.107%
[Felt]

Ti 16 Fe?* bi oxi héa chi vao c5 0,06%, nghia 1a cd thé coi
Fe?" chua bi chusn d&. Viéc chuin do ti&€p tuc Fe?' duge tign
hanh binhk thudng nhu da xét & trén.

Trong trudng hop chdt cdn chufn 128 moét hé oxi héa - khu
nhiéu bac thi ciing cd thé chuéin do ting néc giéng nhu chudn
d6 moét da axit bang kiém (néu E° cic ndc cdch xa nhau).

Ta xét vi du trudng hop chudn do V mi Vanadi (II) sunfat
VSO, C_ M bing KMnO, C M & pH = 0.

Vanadi cé trang thai oxi hda V({I) ; V{III) ; V(IV) VO2* va
V(V) \»’02+ vOi cdc th& dién cuc tiéu chuin :

Il

V3* e = VI EY = EQprt = - 0,255 V
pel = -4,32 (9.35)
VO**+2H"+e = VX +H,0 ; ES = E§2+,2+ = 0,360 V ;

v
pe; = 6,10 (8.36)
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1“8

8 T

VO] + 2H" + e == VO* + H,0 EJ = ESornvo

pe§ = 16,9 (9.37)
Khi méi chudn d¢ thi VZ* bi MnO; oxi héa thanh V** .
MnO; + 5V2* + 8H" = Mn?* + 5V3* + 41,0 IgK, = 149,6

+ = 1,00 V

(9.38)
sau dg
MnO, + 5V** + H,O = Mn* + 5V0?* + 2H' IgK, = 97,5
(9.39)

va cufi cling
MnO; + 5VC** + H,0 == Mn* + 5V0; + 2H" Igk, = 43,2
(9.40)
Cdc hang s0 cén bang d&u r&t 16n va cdch khia xa nhau.
Diéu dd ching td ¢d kha nidng chuin dé riéng. '
Tai di€m tuong duong thd nh&t, thanh phdn dung dich chd
y&u la V3, Mn?*, rdt it V* va VO?'. D€ tinh E , ta dya vao

hai cap (9.35) va (9.36) (coi gin dding hé s8 hoat dd cdc ion
bing 1) :

o V3]

pet.dll = pef + g Vo) (9.41)
\e

Peqy = P& + lg [ ] (fH'1 = 1) (9.42)

[v3*]

Td hgp (9.41) va (9.42) ta cd :
pel +pey 1 V3t [VORH]

peldl = —"2—‘— + "2" lg [V2+] . [V?""] (943)

Tai di€m tuong duong ta c6 :

_ CVld _ COVO (9.44)
fmax T W VY TRV +Vy A
‘ 5CV,,
vi vay v = 1 (9.45)
o 0
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Theo dinh luat bio toan electron (s6 e do chit khi nhudng
bing s6 e do chdt oxi hda thu) ta cd : (xuAt phat ti he
MnO, + V%) :

5Mn%*] = [V¥*] + 2[VOZ'] + 3[VO]] = [V*] + 2[VO¥)

(9.46)
Bai vi phan dng (9.38) 1a hoan. toan nén
CVig
[MnO;] + [Mn?*] = v = [Mn2*] (9.47)

CIVE] + [V3*] + [VO2*] + [VO]] =
COVG
= Cvso, = v % v

= [V2H] + [V3*] + [VO?*] (9.48)

T8 hop (9.44), (9.46), (9.47) va (9.48) ta cd :

[VO#] = [V¥] (9.49)
Thay (9.49) vao (9.43) ta rit ra :
6,10 — 4,32 ' '
Peg = — 5 = 0,89 va E ,, = 0,053 V

Cing tuong tu nhu vay, tai di€m tuong duong thd hai

2Mn0O, + 5V2* + 6H' = 2Mn?* + 5VO? + 3H,0

CV[d COVO
Ynax = 5 = § 5(','Vld = 2C0Vo

T8 hgp voi dinh luit bao toan electron (9.46) va cdc dinh
luat bao toan khéi higng (9.47), (9.48)

ta cing duge : [V3*] = [VO3] (9.49a)
T8 hop (9.49a) v6i céc phuong trinh Nernst

[VO*']
(V3]

Peq, = Pey t1g
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[VO;]
pey, = pes +1g -
1 [VO2H]

' Pe; + PE3 6,10 + 16,9
Ta dyge : pe, = 5 = = 5 — = 11,5,

Eg, = 068V .

Diém twong duong thd ba duge xdc dinh theo (9.26) :

(5peg‘ln04_anz+ + peg)
Pe g3 = )

Ta cod :
5.25,59 + 16,9

pe s = ~ = 2414 ; E 4, = 1,42V

Thé cia cdc diém tuong duong cdch nhau kha xa cho phép
chufn d6 ridéng mot chch chinh xdc. Dang dudng chuén 46 co
cho trén hinh 9.4.

--""'/
4.8+
|
nat -
T
L]* L]
_//
-
Oa e =" e e - — e
1 2 3 F

Hink 9.4. Dudng chuin do 100 m! VS04 0,100M bing KMnO4 0,100M.
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§9.3. CAC CHAT CHi TH!I DUNG TRONG
CHUAN DO OXI HOA-KHU

Trong chudn d§ oxi héa - khu thudng dung cdc loai chét
chi thi sau day :

1. Céac chat chi thi dac biét, phan dng chon loc véi mot dang
nao dé cla cap oxi héa-khit va giy ra sy d8i mau. 86 chit chi
thi thufc loai nay la khéng nhiéu. Vi du, hé tinh bst la chat
chi thi trong phép chuin d6 do iot vi hé tinh bot tao duoc véi
iot phdc mau xanh, ion thioxianat SCN” 1a chi thi trong phép
chufin 4% sit vi tao dugc vai ion Fe? phic mau ds.

2. Ban than chft oxi hda hoic khu trong phép chuin d¢
déng-thdi duge ding 1am chdt chi thi, vi mét dang cia né cd -
mau khic véi mau dang oxi hda hodc khi lién hgp. Vi du, trong
phép chudn d6 nhidu chdt khi voi kali pemanganat khéng cén
ding chét chi thi, vi lugng du rdt it cda ion MnO] da lam cho

dung dich cd mau tim.

3. Chét chi thj oxi héa-khir : ban than ch&t chi thi cd
tinh oxi hda-kh# v& mau dang oxi hda khdc mau dang khi.
Mau thay d6i phu thudc th& cia ch&t chi thi va cta hé chusn

d6é. Loai nay rdt quan trong vi s6 lugng cia ching rdt lon va
pham vi st dung khd rong.

Phan dng oxi hda-khit ciia chét chi thi 1a phan dng thuén nghich.
In, + ne & Ing,

Ing, 12 dang oxi hda cia chdt chi thi, c6 mau khéc v6i mau
dang khd Ing, . Mau cia dung dich chugn d¢ khi cd chat chi

i1
thi oxi hda-khi phu thugc ti s6 néng do cia hai dang [I:KOj
ma ti s6 nay lai phu thuéc thé theo phuong trinh Nernst :
. pr, lng)
E = E?n + Elnm (9.50)
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EY  la thé tiéu chudn thuc cia chit chi thi. Néu cudng do

mau ctia 2 dang xap xi nhu nhau thi thue té khoang chuyén
mau caa chét chi thi ndm trong khu vuc ti s6 néng dé [Ing,1/[Ing, ]

1
dao déng ti — dén 10, va khoang thé tuong ng bang ;

10
.. 0,059
E = EO + ~—— 4 25°C (9.51)
. 0,060
E = E?. £ ——— & 30°C (9.52)
h .
hos | = ped & T  (959)
odc pe = pep, * .

Vi du, diphenylamin 12 ch&t chi thi oxi héa-khi

L]

In,, + 2e = Ing, E° = 0,76V, pe® = 12,88
tim : khong mau (irong H,S0, 1M)

0,059 .
’2 , pe = 12,88 + 0,5 nghia

la khi £ < 0,73V (pe < 12,38) thi dung dich khéng mau va
khi E > 0,79V (pe > 13,38) thi dung dich ¢6 mau tim.

khodng chuyén mau : 0,76V =

Hién nay di tim th4y khd nhiéu ch&t chi thi oxi hda-khi.
Duéi day cé gidi thiéu mot s6 chit chi thi phd bién thudng gap.

Diphenylamin rat it tan trong nude. Dung dich gfc duge pha
ch& trong dung dich H,S0,. Khi bj oxi héa mdi ddu diphenylamin
chuyén thanh diphenylbenzidin khéng mau (phan dng khéng
thuan nghich) va sau dd diphenylbenzidin bi oxi hda tigp thanh
diphenylbenzidin tim ¢é mau tim (phin dng thuan nghich).

Thé& thuc trong H,80, 0,56 - 1,0M cua chat chi thi la 0,76V.
Chédt chi thi nady dude Knop ding l4n ddu tién d€ chufn do -
Fe?* bing K,Cr,0, nam 1924. Phan dng gida diphenylamin va
diphenylbenzidin v&i CrZO%_ x4y ra chidm, nhung téc d6 sé tang

lén do phan dng cam Ung gita Fe?* va Cr,0%".
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Eiphanylamin [khing mau)

|
LD 7

Diphenytbenzidin {khing miu)

m . %
@W@

Biphenyibenzidin (lim)

Diphenylbenzidin ciing r4t it tan trong nudc, do d6 khi chuéin
d0 cd th€ xudt hién k&t tda va phan dng cham vdi CrZO':}‘.

Diphenylamin ¢ thé dung 1am chi thi trong cdc phép chudn do
dicromat, pemanganat, vanadat, va xeri (IV) bang Fe(Il)

Axit diphenylamin sunfonic

Mu6i natri va bari cla axit nay tan trong nuéc. San phim
oxi hda chdt chi thi ¢d mau dé tim. Co ch& phan vng tuong
ty nhu d6i v6i diphenylamin, Thé thyc céa chét chi thi 8 pH = 0
la 0,80V. Cé thé dung ch&t chi thi d€ chufn dé cdc chdt oxi
hda bing FeSO,.

Feroin. Ion Fe?* phan dng véi o-phenantrolin C ,H,N, tao
thanh ion phdc tri-(1,10-phenantrolin) s&t (II)
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N N
o - phenantralin 2
Fe (Cy,HgN,)

{mau do)
Fe(CuH N2)3 c¢d mau dd, khi bi oxi hda thi chuyén thanh phite

Fe(IIT) ¢ mau lo nhat.
Fe(012H8N2)§+ = Fe(Cle8N2)§+ + e
dé xanh nhat

Phan dng oxi hda-khi caa chadt chi thi 14 thugn nghich. Thé
thye clia nd trong ax1t IM (HCl hoac H,S0,) la 1,06V. Sy

chuyén mau xdy ra rd & thé 1,12V.
Bdng 9.3
Mot s6 chit chi thj oxi héa-khir
Mau .
Chét chi thi E.V
Dang oxi hda Dang kint | (tai pH =0, )
Vanadi (IT} - 1,10 - phenantrolin khdéng miu xanh tim 0,14
Indigo menosenfonat xanh khong mau 0,26
Phenosofranin do khéng mau 0,28
Metylen xanh xanh lyc khdng mau 0,36
Viriamin xanh khéng mau xanh 0,59 (pH = 2)
Diphenylamin tim khéng mau 0,76
Axit diphenylamin sunfonic do tim - khéng mau 0,80
[Fe (bipiridin) J(CN), tim nhat da cam : 0.78
Erioglauxin A da luc i0
Fe 5,6~ dimetylphenantrolin 18 nhat do 0,975
[Fe (bipiridin};]SO, de xanh nhat 1,03
g nitrodiphenytamin tim khong mau 1,06
[Fe (II) (o~ phenantrolin),] (CLG,), io nhat do 1,11
[Fe (11} (nitro~ o- phenantrolin),j k1 nhat dd tim 1,25
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Chat chi thi duge st dung thich hop dé chufn do Fe®* bing
Ce'*. Mot s6 ddn xuit th& cta feroin da dude téng hop, cd cac
th& thuc khdc nhau, vi du Felll) nltro—o—phenantrolin
(E' = 1,240) ; Fe(I) 5,6 dimetyl-phenantrolin (E = 0,975V), v.v..

Tinh ché&t cia modt s6 chét chi thi oxi hda-khi duge ghl
trong bang 9.3,

§9.4. QUA TRINH OXI HOA VA KHU
TRUOGC KHI TIEN HANH CHUAN DO CAC CHAT

Nhiéu chat tén tai & cdc trang thai oxi hda khac nhau cd
th€ dugc chuyén thanh trang thai oxi hda cao hon réi chuén
dd6 bing mét chdt khit thich hgp. Nguge 1ai, ¢c6 thé chuyén mét
s6 chdt v& trang thai oxi hda thdp hon r6i chuin d¢ bang mot
thuée thit oxi hda thich hgp. Cac giai doan oxi hoa vi khi
trudic nay phai thuc hién theo ding céc yéu ciu sau day :

1. Phan tng phai xdy ra hoan toan vdi tSc d§ nhanh.

2. Phai cd kha nang loai bd cdc chat oxi hda hay khu du.

3. Phan dng phai tuong ddi chon lpc dé€ tréanh anh hudng
cia cdc thanh phin khac trong mau phin tich.

1 - Mot s6 ch&t oxi héa thudng ding
~ Natri bitmutat NaBiQO,, khong tan trong nude, oxi héa duoc
Mn(lI} thanh MnO, & nhiét d6 phong, Ce{Ill) thanh Ce(IV)

trong dung dich H,50,. Sau khi oxi hda xong, natri bimutat
dugc tach ra dé dang bang cédch loc.

Chi dioxit PbO, oxi héa duge Mn(I) thanh Mn(III) khi cd
pirophotphat, Ce(III) thanh Ce(IV), V(IV) thanh V(V) va Cr(III)
thanh Cr(VD). Loai bd lugng du PbQ, biang cich loe.

Kali pesunfat X,8,0,, khi c6 it ion Ag* lam xiic tdc, oxi héa
duge Mn(Il) thanh MnOj; trong dung dich H,80, cd l4n H,PO,.
K,S8,04 cling dugc ding d€ oxi héa Cr(II) thanh Cr(VI), V(IV)
thanh V(V), v.v..
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Lugng du pesunfat bj phan huy khi dun séi :
1
K;8,04 + H,0 — 2KHSO, + 50, 1

Hidro peoxit H,0, thudng diung lam chédt oxi héa trong moi
trudng kiém. N6 duge dung d€ oxi hda Cr(JII) thanh Cr(VD
trong NaOH 2M, Co(II) thanh Co(III) trong NaHCO v.v... Lugng
du H,O, bi phan hiy khi dun s6i trong dung dich klém {ed xuc
tac Ni2¥ hoac ion I7).

Mgt s6 chdt khac nhu axit pecloric HCIO, dac, ndng ; oxit bac
(II) ; ozonm ; peiodat 10, cing dude ding lam chét oxi héa trude.

II - Mgt 6 chit khi truée thuing diang

Cdac kim logi va hén héng kim logi : Cédc kim loai duge si
dung lam chdt kht & dang bot, gidy, vién, & dang cot khit hay
hén héng long. Tinh khir chon loc ciia cdc kim loai duge quyédt
dinh bdi th€ cia cip kim loai - jon kim loai. Thudng ding &
dang et khi Zn, Ag, Pb, cadimi.

Kem con duge goi 12 chdt khi Jones thudng dung & dang
hén héng va nap trong c6t (goi 1a c6t khit Jones Zn khit duge
Fe(IlIl) thanh Fe(Il), Cr(III) thanh Cr(ID), Ti(IV) thanh Ti(III),
V(V) thanh V(II}, cdc ion kim loai quy (Cu, Ag, Hg, Bi, 8b) bi
khit thanh kim loai.

Bgc 6 tinh khit chon loc hon kém. Trong HCI 1M, Ag khit Fe(IID)
thanh Fe(II), U(VI) thanh U(IV) ; Cr(III) va Ti(IV) khong bi khi.

o) dang hén héng léng thudng diung hén hdng chi, bitmut, natri.
Cac kim loai khde nhu Hg, Cu, Ni ciing duge dung lam chat khir.

SnCl, trong HCl 1M la chdt kh¥ manh, duge dung d& khi

Fe(III) thanh Fe(Il). Lugng du SnCl, duge oxi hda bing HgCl, :
$aCl, + HgCl, —» SnCl, + Hg,Cl,

Hidrazin & dang clorua, sunfat hoac bazo tu do la ch&t khi

tSt, san phdm khi 13 nito khéng hai cho qua trinh phan tich.

Nd duge dung d€ khit As(V) thanh As(IIT), Sh(V) thanh Sb(III}

trong méi truong axit. Lugng du hidrazin duge dudi bang cach
dun néng véi H,80, dac. :
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§9.5. CAC PHAN UNG OXI HOA-KHU CAM UNG

Hién tuong "cam dng hda hoc" di bist ti ladu va ddng vai
trd quan trong trong phéan tich hdéa hoc, nhidt 14 trong nhidu
phuong phap chuidn dé oxi hda-khi.

Ta néi rdng phan dng gita A vA B cam idng dé€n phan dng
gita A va C, néu phan dng thd hai nay trong nhing didu kién
ndo d6 khéng x4y ra duge, hoic xdy ra vé cung cham va chi
xdy ra dugc dong thdi voi phadn dng gita A va B. Chiat B dugce
goi la chdt cdm ung, chat C la chit rnhan cdm cdn A 1a chéi
luong téc vi né phan dng dugc véi ¢4 B va C. Phan dng gida

A va B la phdn ung so cdp, con phan ding gitta A va C la phdn

ung thi cdp hay phdn ung cdm ung. Cin phan biét phan dng
cidm dng vdi phadn dng xdc tde. Chat xuc tdc hodc hoan toan
khong tham gia phan ing, hoac tham gia vao mét qud trinh
tudn hoan va cudi cung khéng bi bién d8i. Con cdc chit trong
phidn dng cam ing déu bién déi thanh chit khdc khi xdy ra
phin ting. '

Vi du, khi chudn d6 Fe?* bing KMnO, ¢¢ mat cia HCl thi
.x8y ra phan Ung oxi héa ion CI” bdi MnO, ma binh thudng thi
x8y ra rdt cham. Phan vng giita Fe?* va MnO; da giy cim
dng dén phan ung gita MnO; va CI". O day Fe?* la chat cam
tng, CI” la chét nhin cidm, con MnO; 1 chdt Iudng tac.

Co ché cta cdc phan dng cadm dng chua phai d4 duge nghién
ciu ddy d44. Song, moét trong nhiing nguyén nhan cd thé xay

ra ia sy hinh thanh cdc sdn phd&m trung gian khéng bén cd

tinh oxi héa hoac khit manh hon cdc chdt ban ddu. San phim
trung gian cd thé dude tao thanh ti chit ludng tdc cing nhu
tlt chat cam ung. .

Chéng han, phan ung oxi hda Fe? béi MnO; dién ra qua

sy tac thanh cdc san phdm trung gian khong bén clla mangan :
Mn{VI}), Mn(V), Mn(lV), Mn(III). Cac dang nay oxi hda dugc
Fe(ll) nhung mdt s8 lai cd th& oxi hda duge Mn(ll) va cdc chit
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khit khéc cd mat, vi du Mn(V) oxi héa duge Mn(Il) thanh
Mn(III), Fe{ll) thanh Fe(IIl), CI” thanh Cl,. Mn(IIl} oxi hda
duge Fe?* thanh Fe** va CI” thanh CL,. Lic mcn chudn do Fe?*
bing KMnO, khi ¢g HCI thi sy oxi hoa cam ing ion ClI” x&y
ra kha ro. Nhl.mg néu thém ion Mn2* ngay ti diu phép
chufin d6 thi khéng x4y ra su oxi hda cdm dng ion Cl7, vi trang
thai oxi hda trung gian Mn(V) sé oxi héa Mn(lI)} thanh Mn(II)
ma khong oxi hda ion Cl”, mat khic, sy ¢ mat cla lugng 16n
ion Mn?* 56 lam giam ¢hé cua cip Mn{IID/Mn(I) t6i miac ma
Mn({II) khong thé oxi hoa duge ion CI nhung vAn oxi hda
duge Fe?t.

Mot nguyén nhan thd hai cta sy oxi héa cam Ung 1a su tao
thanh cédc phitc chét giita chat ludng téc va chdt cam dng hodc
gitta chdt cadm wng va chit nhan cam.

Vi du & mét 56 digu kién thuc nghiém, axit cromic H, CrO
chi oxi hda dugc axit tatric khi cd mat axit asend :

H,CrO, + HAsO, (phan iing so cdp)
H,CrO, + H,C,H,O, (phan ¢ng cAm ing)

Diéu nay x4y ra c6 l& do axit tatric tao duge pht’ré chét vdi
axit asend va axit tatric & dang phic d& bi oxi hda hon khi &
trang théi ty do. Trong nhiéu truong hgp xdy ra phan ing cAm
Ung ¢6 sy tao thanh cdc géc tu do khong bén. Vi du, keém theo
phan Ung oxi héa Fe? bai hidro peoxit cd su phian hiy cam
ing H,0,

H,0, + 2Fe?* = 2Fe* + 20H" (phan tng so cfp)

H,0, + H,0, = 2H,0 + O, (phdn dng cam dng)
Phan ing so cdp xdy ra qua 2 giai doan :

H,0, + Fe?* = Fe** + OH™ + OH.

.OH + Fe?* = Fe&*>* + OH"

Géc ty do hidroxyl .OH tao thanh khéong bén, cd tinh oxi
hda manh cd thé tham gia phan ng véi H ,0, qua sy tao thanh
gbc tu do pehidroxyl c6 tinh khd trung binh.
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H,0, + .OH = .HO, + H,0
HO, + H,0, = H,0+0,+ .0H

Trong nhidu phép chufin d6 oxi hda-khd phai chu y t6i su
oxi hda cam dng ctia khéng khi. Nhidu ch&t khit ¢ nhitng diéu
kién binh thudng phan dng rdt cham véi oxi khong khi. Tuy
vay, khi tham gia phan dng v6i chit oxi hda ding trong chudn
d6, mot s6 chdt khi cd thé bi oxi hda cdm dng bdi oxi khéng
khi.

Vi du, phan dng oxi hda ion iodua I” béi vanadat VO;' gay

cAm dng dén phan dng oxi hda jon I~ bdi oxi khéng khi va
k&t qua chufn d6 sé pham sai s8 duong vi lugng iot gidi phdng
ra vuct qué lugng cdn thi€t theo phdn dng hop thdic gita
VO; va I'. -

_§9.6. CAC THUOC THU DUNG TRONG
CHUAN D OXI HOA-KHU

Mac ddu cdc phan dng oxi hoa-khi cd khd nhiéu, song do
nhitng yéu cdu nghiém ngat cia cic phan Gng ding trong phén
tich thé tich (xem chuong 5) nén trong phuong phdp dinh lugng
oxi hda-khit chi ding dugec mét s6 thudc thi han ché.

Cédc thudc thi thudng duge dung lam chét chuin oxi hda cd
KMnO,, K,Cr,0,, Ce(80,),, I, KIO,;, KBrO,, Ca(ClO),.

Cac thubc thit thuong duge ding lam ché&t chuin khi cd
mu6i Fe(Il), natri thiosunfat (Na,8,0,), asen (III) oxit (As,0,),

axit oxalic (H,C,0,) hodc natri oxalat (Na,C,0,), kali feroxianua
K, Fe(CN),.

Can ci vao thudc thid duge ding ma ngudi ta phan leai
phuong phap chuén d6 oxi hda-khit thanh cdée phuong phap cu
th€ : phuong phip pemanganat, phuong phap dicromat, phuong
phap iot, phuong phép xéri v.v..
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I - Phuong phép pemanganat

Pemanganat dugc Margorit dung ddu tién (1846) d€ chufn
do Fe? va da nhanh chéng trd thanh thudc thit oxi héa cd ing
dung rféng rai trong héa phan tich.

1. Tinh chdt oxi héa ciia pemanganat _

Pemanganat 14 chdt oxi hda manh. Trong dung dich axit, ion
MnO, bi khit thanh ion Mn?* khéng mau :

MnOy +8H™ +5e == Mn?* + 4H,0 E°= 1,51V  (9.54)

Trong dung dich axit y&u, trung tinh, bazo, san phdm phan
ung khi MnO[ la MnO,

MnO7 + 2H,0 + 8e == MnO,+40H™ E° = 0,588V  (9.55)

Trong dung dich kiém manh MnO, bi khit thanh manganat
Mn(}%_ : |

MnO, + e = MnOZ™ E° = 0,564V (9.56)

Bdi vi trong phan ing khi ion MnO] c6 kha nang trao d8i véi
mét s8 1dn electron (» < 5) nén phan wng khi ion MnO, thudng
dién ra qua cdc giai doan trung gian : Mn(VI), Mn(IV), Mn(III),
Mn(Il). Mn(III) 1a ch4t oxi hda rft manh EMr(IIl')!Mr(II} = [,5V),
nhung khong bén. Khi c6 chét tac phic (pirophotphat H,P,027,
florua) thi Mn(III) bén hon.

2. Dg ben cda dung dich KMnO,

Dung dich KMnQ, tinh khiét duge bao quan c&n than (tranh
bui bim, chdt hitu co, vd d€ & 4nh sing khu&ch tan) thi rat
bén. Néng do cdc dung dich KMnO, = 0,02M thay d6i khong
dang ké sau vai thang. C4c dung dich loing hon phai duge pha
lodng t& cac dung dich dac hon truée khi ding va phai kiém
tra lai d¢ chudn.
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Khi ¢é mat MnO, {thudng c6 lan trong KMnO,) ddéng vai
trd xtc tdc thi xdy ra sy tu phan hiy cia MnOj.

4MnO; + 2H,0 — 4MnO, + 30, + 40H™  (9.57)

Vi vay sau khi pha ch& phai loc hét cac vét MrO, cd trong
dung dich KMnO, va khi bao quan phai trdnh khong dé dung
dich tiép xuc véi bui bam hode cdc chdt hitu co cd thé khu
KMnO, tao thanh MnO,. Khi ¢d mat ion Mn2* thi pemanganat
khéng bén do phan tng oxi héa Mn?* bai MnO,

2MnO; + 3Mn** + 2H,0 — 5MnO, + 4H*  (9.58)

Trong dung dich axit phadn d#ng x4y ra chdm, trong dung
dich trung tinh phan dng x4y ra ngay tdc khic.

Viéc dun soi dung dich KMnO,, nhit la dung dich axit, sé
lam phan hiy KMnO, theo phan idng (9.57). Thi nghiém cho
thiy khi dun dung dich KMnO, 0,01M trong H,50, 0,2M lén
100°C trong 1 gid thi lugng KMnO, bj phén hdy 1a 0,6%, trong
H,80, 0,4M 1a 1,7% va trong H SO 1M 12 58%. Diéu nay phai
lUu y dén khi dinh lugng céc ch&t khit bdng cach chudn d¢
lugng du KMnO, sau khi da dun s8i dung dich chéit khi véi
KMnO, du. '

3. Pha ché dung dich chudn KMnO,
Thudng ngudi ta khong pha ch& dung dich KMnO, t¥ lugng

can chinh xac héa chét rdn, vi ngay cd KMnO, nguyén chét '

cing chda lugng vét MnO, 1a chdt xic tdc cho qud trinh phan
héy MnO, theo phuong trinh (9.57). Mat kh4c, trong nudc cit

bao gid ecing ¢S cdc chdt khit cé th§ khit MnQ; thanh MnO,.

Vi vay don gian hon ca la hda tan lugng can KMnO, trong
nudc cdt, dun sdi dung dich mot thdi gian, lam lanh réi loc hét
vét MnQ, va sau d¢ thi&t 14p d6 chudn cia dung dich thu duge.
Dung dnch phai duge bido vé trong binh thdy tinh ndt nham da
dudc ria sach hét chdt béo va cac v&t MnO, néu cdé. Khéng
duge d€ dung dich ti€p xtc truc ti€p vsi 4nh sa’mg mat trai vi
khi &y ion MnOj bi phan hdy nhanh hon.
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Dé pha ch& dung dich KMnO, 0,02M (0,IN) ngudi ta can
3,2g KMnO, tinh khit phan tich, hoa tan trong 1 lit nuéc cat.
Pun s6i vA giit dung dich & nhiét dé hoi thdp hon nhiét dé sai
mot it trong khoadng 1 gid (cing cé thé dé dung dich & nhiét
d6 phong trong 2 - 3 ngay). Loc dung dich bang chén loc thiy
tinh, chuyén nudec loc vao binh thiy tinh cd nit nham da duge
ria sach bang hén hop sunfocromic va trang ki bing nudc cit.

4. Chudn héa dung dich KMnO,

D€ xac dinh do chufn cia dung dich KMnO, thudng dung
cac chdt gée : Na,C,0, H,C,0,.2H,0, KI, As, O Khi chudn
dé cdc dung dich khong mau hoac cd’ mau nhat bﬁng dung dich
KMnO, thi khong cdn dung chi thi vi thuéc thid rdt nhay :
0,2mi{ KMnO, 0,002M trong 100m! nudc ¢ mau héng nhat r6.
Natri oxalat Na,C,0,, Axit oxalic H,C,0,2H,0.

Trong mdi trudng axit, axit oxalic bi KMnO, oxi hda tao
thanh CO va H,0 :

5C,0% +2Mn0O, + 16H* — 10CO, + 2Mn?* + 8H,0 (9.59)

Dé chufln cta cic dung dich axit oxalic va natri oxalat giam
khi d€ lau, nh4t 12 khi ¢é anh sang, do sy phan hiy :

H2q204 — CO, + CO + H,0

Co ché phan dng gilta ion MnO] va ion C,027 1a kha phic
tap. Lic méi chudn d¢ thi nhitng giot pemanganat ddu tién mé&t
mau rit chim. Sau khi da ed lugng nhé ion Mn?* tao thanh
thi phan dng xdy ra r4t nhanh khi dun ndng. N&u trude khi
chufn d¢ da c¢d mat ion Mn?* thi phén dng chudn d6 ciing dién

ra riit nhanh tu ddu,

R6 rang la ion Mn?* ddng vai tro xic tde cho phan tUng giita
ion MnO; va C,027. C6 th€ mo ta co ch& phan dng nhu sau :

Méi ddu ion MnO, oxi héa ion Mn?* tao thanh Mn3* & dang
phic oxalat :

MnO; +4Mnr** +8H" = 5Mn** +4H,0  (9.60)
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BMn™ + 52C,027 = 5Mn(C,0,)@" 9" (9.61)
n =1 2 3
Phue tao thanh bi phdn huy cham do su oxi hda ion
C, 02_ bdi Mn3* .
Mn* + C,0{~ = Mn? + CO, + CO; (9.62)

Mn* + CO; = Mn%* + CO, (9.63)

Néu nhan (9.60) v4i 2 va (9.62), (9.63) v4i 5 réi cong cdc
phuong trinh phan dng thu duge v6i nhau thi ta duge phuong
trinh (9.59), nghia la lugng ion Mn?* tham gia phan ung lac
ddu lai dugc tao thanh trd lai sau phan ing.

Khi tién hanh chudn dd cin chu ¥ dén mét s6 ngan géc
sai 88 sau diy :

a) Su oxi hda cdm wng ion oxalat bdi khéng khi : géc
CO; tao thanh trong (9.62) 12 mét chit khit manh sé phé.n ding

nhanh vdi khéng khi :
CO; + 0, + H* = HO, + CO, (9.64)
Pehidroxyl HO, khong bén, cd thé oxi hda fon C,02
HO, +C,0{” +H* = H,0, +CO0, +CO; (9.65)

Céc phan dng (9.64) va (9.65) tao thanh mot phan dng day
chuyén géc CO; tao thanh trong (9.65) lai bi oxi hda ti€p theo

(9.64). T8ng cdc phudng trinh phan dng (9.64), (9.65) la
C,0~ + 0, + 2H' = H,0, + 2C0,

H,0, cing bi pemanganat oxi héa va ciing tiéu thu mot s§
duong ldong pemanganat nhu oxalat. Trong qué trit_lh chudn do
nd bi oxi héa mét phén (va tii tao trd lai) va bi oxi hda hoan

todn § di€m cudi chudn do. Vi vay su tao thanh peoxit khong -

. .anh hudng dén két qua chudn do néu H,O, khong bi phan Luy
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{s¢ phan hay nay xdy ra diang k€ & nhiét do trén 90°C). Mat
khic, H202 cd thé tao thanh do su ty oxi hda-khi cua HO2 :

2HO, - H,0, + O,
b) Dung dich axit oxalic bi ph4n hiy chdm khi dun ndng
H,C,0, -+ CO + CO, + H,0
nhit 13 khi cd mubi mangan (II) i1am xuc tdc.

¢) Su phan hiy KMnO, (cho O, bay ra) xdy ra cham khi
dun ndng. Khi chudn d% qud nhanh va khufy tron khong déu
thi sai s6 nay la ding ké.

d} Sy cd mat caa HCl : phan dng gitta KMnO, va oxalat
gdy cam udng dén phan dng gita KMnO, va HCL. Tuy vay, su
e6 mat cta ion Mn?* ]am gidm nhiéu sai s6 nay. Né&u chugn
dd ¢ nhiét do trén 70°C thi HCl khéng gay can trd dén phdn
Ung ngay ca khi khéng cdé ion MnZ*.

Truée day, d€ chufin héa dung dich KMnO, cén dun nong
dung dich oxalat trén 80 - 90°C va chufn do6 cham khi ldc ki'
bing dung dich KMnO, Tuy vay, d€ trinh sai s§ do sy phan
hiy cdc dung dich khi dun néng, Fowler va Bright, dé nghi cho
mét lugng da 16n dung dich KMnO, vao dung dich chudn d¢ &
nhiét d¢ thuang va sau khi két thic phdn dng thi ti€p tuc
chuin d6 cham khi dun ndng.

5. Cdc phuong phdp chudn d¢ bdng pemanganal

a) Chudn dé6 truc tiép cée chdt khit bdng pemanganat

Cé thé ding pemanganat d€ chuin d6 cdic chdt dung lam
chdt g6c da néu & trén : oxalat, Fe(Il), iodua, feroxianua.

Trong nhitng diéu kién thyc nghiém thich hop c¢d thé dung
pemanganat d€ chufn do¢ chidt khac. Vi du, trong méi trudng
trung tinh chudn d6 Mn(il) thanh Mn(IV) ; Mn(II) thanh Mn(III)
khi ¢ HCl, NH,F hoic pirophotphat ; chufin d¢ V(IV) thanh
V(V), Ce(II) thanh Ce(IV) khi e¢6 pirophotphat v.v... ; chudn
do H,0, thanh O, ; NO, thanh NOJ vv..
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b) PDinh lugng chdt khtt qua phdn ing vdi Fe(lIl}. M6t s8
kim loai e6 thé bj khi dé&n trang thai héa tri thdp sau khi di
qua cét khd, nhung sau d6 khéng thé chufin d§ truc ti€p dang
khit bang pemanganat khi c¢é khéng khi vi bi oxi khéng khi oxi
hda. D& tranh phién phic do phai dudi khong khi khi chudn
d6 ngudi ta cho dang khi tde dung véi lugng Fe3* du va sau
d6 chuéin d¢é.Fe?* tao thanh bing KMnQ,.

Vi dy cd thé dung ciach nay dé€ chuin do Cr(I) thanh Cr(IID)
V(D thanh V({IV), Ti(III) thanh Ti(IV) v.v..

¢) Pinh lugng gién tiép chdt khit ditng pemanganat du. Nhiédu
chdt kh& phan Ung qua cham v&i pemanganat va khong thé
chugn do truc ti€p duge. Trong trudng hop nady ngudi ta cho
chinh xdc KMnO, (14y du) va sau dd chufn d¢ lugng du cua
ndé bang natri fomiat hosdc bing phuong phép iot (xem trang
283). Vi du cd th& chudn d6 gian ti€p iodua thanh iodat ; xianua
thanh xianat ; thioxianat thanh xianat ; sunfua, sunfit,
thiosunfat, hiposunfit thanh sunfat v.v..

d) Dinh lugng gian tiép chdt oxi héa diung chdt khu du.
Nhidu ch&t oxi hda phian dng chidm n&n khong thé chufn 46
truc ti€p véi chdt khi. Tuy vdy, cé th& cho dv dung dich chét
khit chudn réi sau dd chufn d6 lugng du chdt khi bing dung
dich KMnO,. Vi du, ding Fe(Il) du d€ khi Cr(VI) thanh Cr(IID,
V(V) thanh V(IV), Mn(VII) thanh Mn(II) ; pesunfat thanh sunfat,
nitrat thanh oxit nits va sau d6 chufin do Fe(II) du bing
pemanganat.

e) Dinh lugng gicn tiép cac kim logi tgo duge két tia oxclat.
Lam két tia cdc kim loai nay dudi dang mudi oxalat khd tan,
sau d6 loe, rira ket tta, hdoa tan trong axit réi chufn dé axit
oxalic teao thanh bing dung dich pemanganat. Bing cich nay
¢6 thé dinh lugng canxi, cadimi, kém, chi, coban, niken, thori,
cdc nguyén td d4t hiém.

6. Thiee hank dink luong theo phuong phdp pemanganat
6.1. Chudn héa dung dich KMnO, bing axit oxalic
a) Héa chét, dung cu
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Axit oxalic H,C,0,2H,0
KMnO, 0,02M

- H,80, 1 : 8

Kclen 250m!

Buret 25ml ; Pipet 25mi
6ng dong 50m!

b) Cach chudn héc

- Pha ch& dung dich axit oxalic. Tinh lugng can axit oxalic
H,C,0,2H,0 sao cho khi pha trong binh dinh mdc 250m! r6i
chusin d& 25m! dung dich thu duge thi hét khoang 20mi dung
dich KMnO, 0,02M. Sau d6 can chinh xdc lugng can da tinh
va pha ché& trong binh dinh mic 250,00ml.

~ Dung pipet 18y 25,00m{ dung dich axit oxalic cho vao binh
hinh nén 250m!, thém 10mi H,80, 1 : 8. Thém ting giot dung
dich KMnO_v chi cho tiép giot sau, khi giot trudc d& méit mau.
Theo doi khoang cach thdi gian gilta cdc ldn thém dung dich
pemanganat va k&t luan.

- Lap lai thi nghiém trén nhung dun néng dung dich axit
oxalic 1&n 80 -~ 90°C, r6i chudn d6 bing dung dich KMnO,,
thém ting giot khi lic ki, chi cho tiép giot sau khi giot truée
da m&t mau cho t6i khi xudt hién mau héng nhat khong maét
trong 30 giay. Ghi thé€ tich dung dich KMnO, da dung va tinh
ndng d6 mol cia dung dich KMnO,. '

- Ding pipet 14y 25,00m! dung dich axit oxalic vac binh hinh
nén 250mi, thém 50m! H,50, 1 : 8, thém dung dich KMnO,
0,02M vé&i t6c d6 25 - 30m! trong 1 phit v6i th& tich gdn thé
tich cdn d& dat dén di€m tuong duong (cach do 2ml) da xac
dinh dugc trong thi nghiém (2) réi lac déu cho dén khi mAt
méau hoan toan. :

Dun néng dung dich 1én 55 - 60°C. Tiép tuc chufin d6 cham
(thém tung giot) dé&n khi xuidt hién mau hdng khéng mit trong
30 giay.

277



Ghi thé tich dung dich KMnO, da dung. Tinh néng d¢ mol
caa dung dich KMnO, va so sianh véi két qua thu duge trong
thi nghiém (2).

6.2. Dinh lugng Fe bing pemanganat

Sat cd trong tu nhién thudng tén tai dudi dang hop chét
Fe(IlI) hoac Fe(II). Vi du, cac quing sdt cht y&u thudng gap
l1a hematit Fe,0,, manhetit Fe,O,, getit Fe,0,H,0, limonit
[Fe,0,.H,0].xH,0, xiderit FeCO; v.v.. Khi chuyén vao dung
dich thi s4t ¢ duéi dang Fe** hoac Fe?* 1an Fe3*. Vi vay phai
khi truse Fe* thanh Fe? réi chusin do bing dung dich
pemanganat '

5Fe?* + MnO; + 8H' = 5Fe¥ + Mn2' + 4H,O
4 2

Phan ing nay xdy ra nhanh vi hoan toan trong dung dich
axit sunfuric.

D¢ khit Fe** thanh Fe? cd thé dung cdc kim loai hoac hén
héng kim loai : Zn, Cd, Al hodc dung SnCl,.
Trong dung dich néng, SnCl, khit hoan toan Fe** thanh Fe?*
Sn?* + 2Fe™ = 2Fe?* + Sn**
Lugng du SnCl, duge oxi hoa bang HgCl, :
SnCl, + 2HgCl, — $nCl, + Hg,Cl,|

Lugng it calomen Hg,Cl, tao thanh, phidn ng khong déng
k& véi pemanganat. Tuy vay, cn tranh ding du SnCl, vi lugng
lon calomen tao thanh sé giy sai s6 do tdc dung ro rét vai
pemanganat. Dac biét, phai tranh sy khu ti€p calomen thanh
thay ngan kim loai vi Hg & dang phan tidn phan (ng manh véi
pemanganat.

Phan Ung gita Fe’* va MnQ, giy cAm dng d&n phan ing
gi A g

oxi hda ion ClI” bang pemanganat (xem trang 268). D& tranh
sai s6 trudc khi chufin d6 cdin thém vao dung dich "hén hgp
bao v¢' Zimmermann - Reinhard gém ¢ MnSO,, H,80, va
H,PO,. Vai trd cia MnSO, da cé ndi dén (trang 26 9), H,PO,
tao duge phic khéng mau FeHPOQ] véi ion Fe** lam gidm mau

cia Fe(II) va lam d& dang cho viéc xac dinh diém tuong dudng.
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Tuy véy, can luu ¥ rdng "hén hop bao vé&” cing chi ¢ tac dung
téi mdc do nhit dinh, vi vy cdn tranh dang qua du SnCl,.

Thue hanh dinh lugng sat (11} bang pemanganat

a) Héa chét

— dung dich FeCl; 2M trong HCl dic.

dung djch SnCl, : hoa tan 100g SnCl,2H,O trong 1 lit
HC] 6M

dung dich HgCl, 5% trong nuéc.

Hén hop bao vé : hoa tan 70g MnSO,.4H,0 trong 500mi nudc,
thém 125m! H,30, dac vd 125m! H,PO, 85% réi pha
lodng v6i nudc thanh 1 lit.

Dung dich KMnO, 0,02000M

b) Quy trinh dinhk lugng

Ldy chinh x4c 25,00m{ dung dich phan tich (chWa tu
0,15 - 0,25g Fe va bm! HCl dac). Dun ndng lén 90°C. Thém
ting giot SnCl, dén m&t mau vang va sau do lai thém tigp 2
giot nia. Lam lanh d&n nhiét d6 phong. Thém nhanh 10ml
dung dich HgCl, va khufy cdn than. D€ yén dung dich mét hic
(trong khodng tit 2 phut dén 5 phat). O day phai tao thanh
calomen giai lua trdng. Né&u khéng cd k&t tia xuit hién, thi
ching t6 la da cho thi€u SnCl,. Néu tao thanh két tda tring
bong, hodc mau xam den thi chitng t6 da cho qud nhiéu SnCl,.
.Trong ca hai trudng hgp déu phai lam lai thi nghiém tu diu.
Thém 50m! nudc va 25 - 50ml hén hgp bao vé. Chufin do
hén hdp bing dung dich KMnO, 0,0200M vai téc do¢ khoang
Iml trong 3 gidy, gén cubi vai téc d6 1m! trong 15 - 30 giay.
Nging chudn d6 khi mau hong nhat xu#t hién khong mét trong
15 - 30 giay.

Can cd vao thé tich dung dich KMnO, da ding, tinh luong
Fe ¢d trong dung dich phan tich.

[

i

6.3. Dinh luong H,0,
Trong dung dich axit, hidro peoxit khit pemanganat :
5H,0, + 2Mn0O, +6H" = 2Mn?* +50, + 8H,0'
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Phan tdng xay ra ciing cd giai doan cam ing tuong tu nhu
phdn dUng gita pemanganat va oxalat. Cac giot pemanganat diu
tién mdt mau rft cham, nhung sau dé sy mit mau X3y ra
nhanh do tiac dung xic tdc cGa ion Mn2*. Can tién hanh chudn
d$ trong moi trudng axit manh (H,80, 15 - 20%) va nhd cham
thusc tht d€ han ché tdi mue tsi da sy tao thanh mangan
dioxit 14 chét xtc tdc r4t manh cho su phan hiy hidro peoxit.

a} Héa chdt
- H,0, 3%
-HS80,1:5
~- KMnO, 0,02000M
b) Quy trinh dinh luong
Can 3g dung dich hidro peoxit (H,0, 3%). Chuyén méu vao
binh dinh muec 250m! va thém nudc dén vach. Dung pipet lay
chinh xdc 25,00m! dung dich, thém 10m! H,80, 1 : 5 r6i chudn
d6 bang dung dich KMnO, 0,02000M dén xudt hién mau héng

nhat tén tai trong 15 - 30 gidy. Tinh ham lugng % cua H,0,
trong méiu.

6.4 Dinh lugng nitrit

Nitrit NOJ khéng tac dung véi KMnO, trong dung dich trung

tinh hodc kiém. Trong dung dich axit, khi dun ndéng né bi oxi
hda hoan toAn thanh nitrat.

SNO; +2MnO] +6H" — 5NO; +2Mn?* +3H,0

Né&u chu&n d6 cham dung dich nitrit d3 duge axit hda bing
dung dich KMnO, thi sé thu dugec két quad th&p do axit nitrg
khong bén dé phan hiy, ngoai ra oxi khéng khi cing oxi héa
nitrit thanh nitrat. Do d6, nén thém chinh xac dung dich nitrit
td buret vao dung dich KMnO, da dugc axit hdéa cho t6i khi
mét mau dung dich. Nhung cdn chd ¥ la ion NGO, phan tng

chim véi MnOj, do d6 c6 th€ xay ra sy phan huy NG; trude

khi phin tng véi MnO,. Do dg, t6t hon ci la cho du dung dich

KMnO, vao dung dich nitrit va sau d6 chufn d6 lugng du
KMnO, bing phuong phip iot hay mot phuong phap thich hop.
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a) Héa chdt
- KNO, 0,056M
- KMnO, 0,02000M
- H,80,1:5
b) Quy trinh dinh luong
Pha ché dung dich KNO, c& 0,05M. Ldy chinh xdc 25,00ml
dung dich KMnO, 0,02000M vao binh hinh nén 500ml. Thém
25,00m! dung dich H,80, 1 : 5 va 250m! nude. Dun ndng lén
40°C. Chuin db bang dung dich nitrit cho t¢i khi xuit hién
mau héng nhat, sau d6 thém rdt cham dung dich NQ; déng
th&i khudy déu ludén tay cho dén khi dung dich mat mau.
Tinh chinh xdc néng dé mol cta dung dich KNO,.

II -~ Phuong phédp dicromat

1. Nguyén tic

Kali dicromat ¢¢ tinh oxi hda trong méi trudng axit
Cr,03™ + 14H* + 6e = 2CA* + TH,0 E° = 1,38V

Dung dich chufn dicromat rdt b&n. C6 thé axit hda bing
axit sunfuric, axit pecloric lodng. C6 thé chufn d6 bing dicromat
d nhiét do thudng khi c6 mat HCI dén néng do 3,5M. O néng
d6 HCI dac hon va khi dun ndng thi cd clo bay ra.

Khi chuin d6 v6i dicromat cd thé ding cdc chdt chi thi
diphenylamin, diphenylbenzidin va t6t hon ci 1 natri diphenyl
sunfonat.

Ung dung quan trong nhdt cda phuong phdap dicromat la
chufin dé Fe(I). Khi cdn chufin d6 cac chdt oxi hda thi ngudi
ta cho thém lugng du Fe(Il) va sau d¢ chudn do nguge Fe(Il)
du bang K,Cr,0,. D€ dinh lugng cdc chét kh& thi cho muéi
Fe(III} du va chudn d6 Fe(l) tao thanh.

Né&u chét khi phan dng cham véi Fe(III) thi c6 th€ thém
du dicromat r8i chufin d6¢ nguge dicromat bing Fe(I]).
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Khi dung diphenylamin lam chi thi cho phép chudn do Fe®
bang Cr,02” thi sy d8i mau x4y ra khong ré6 bdi vi khoang
chuyén mau nim ngoai budc nhay chufn do (khodng chuyén
mau cua diphenylamin ti 0,73 - 0,79V, di€ém dédu cha budc nhay
chudn d6 dng vdi sai s6 ¢ = -0,1% la 0,86V). Vi vay khi chuédn
d6 phai thém H, PO, d¢€ tao phic véi Fe** va lam giam thé cia
cap Fe* /Fe**, sao cho chi s6 chusn do cia chat chi thi nim
trong budc nhay chuidn dé.

Uu di€m cla phuong phép dicromat 13 cé thé diu ché chit
chudn tinh khi&t mot cach d& dang ré tién (két tinh lai 2 l&n
ti nude, lam kho va sdy & nhiét do 150 - 200°C), d&€ bao quan,
dung dich chuin bén, cé thé chuidn d6 khi cd HCI néng d6
khéng qua cao.

2. Thuc hanh chudn d¢ Fe(Il) bing dicromat

a) Héa chdt

- K,Cr,0, 0,02000M (hoac K,Cr,0, ran)

FeS0, 0,08M '

H,80, 0,6M )

Diphenylamin : hda tan 1 gam ch&t chi thi trong 100m!
H,80, dac.

H,PO, 85%

DD SnCl, va HgCl, 5% (trang 279)

b) Quy trinh dinh luong

~ Pha ché€ dung dich K,Cr,0, 0,02000M. Tinh lugng can

chinh xéc cia K,Cr,0, d€ pha dugc 250m! dung dich K,Cr,0,
0,02000M.

= * Dung pipet lly chinh xac 25,00m! dung dich FeSO, (néng
d6 <3 0,08M), thém 200m! nude cdt, 10m! H,S0, 0,5M, 6 giot
chi thi diphenylamin (hoac natri diphenylamin sunfonat 0,2%
trong nuéc). Chuin 46 cham bang K,Cr,0, 0,02000M cho téi
khi xufit hién mau nau hogc tim luc. Quan sat su d8i mau, ghi
thé tich dung dich K,Cr,0, di dang.

i

282



- - Lap lai thi nghiém trén nhung cd thém 5m! H:‘;P'()4 85%.

Quan siat sy d6i mau. So sanh véi k&t qui thu dugc trong
thi nghiém?*

- Dinh lugng hén hgp Fe3' va Fe?t

+ Tién hanh thi nghiém tuong ty nhu trong muc (*) dé xac
dinh néng d6 Fe?* va suy ra lugng Fe(II) trong dung dich {(g/1).

+ Xdac dinh tdng lugng Fe.

Ldy chinh xic 25,00m! dung dich phan tich. Khit Fe** thanh
Fe?* (xem trang 279) r6i chuén do t8ng lugng Fe nhu trong
thi nghiém (*). Tinh t8ng lugng Fe va suy ra lugng Fe(IIl) cd
trong dung dich (g/). '

III - Phuong phap iot

1. Tinh chit oxi héa=khir cida iot va phwong phdp dinh lugng
do iot

Tot 1a chdt oxi hda ySu va iodua la ch&t khi yéu.
I, (rdn) + 2 = 2I" E° = 0,5345V (9.66)

Vi vay I, cd thé oxi hda duoe cde chat khi trung binh (H,S,
H,S0,, Sn(Il)...) va ion iodua cd thé khi duge cdc ch&t oxi hda
trung binh trd leén (Fe®*, H,0,, Crzo%", MnO; v.v.).

Iot it tan trong nudc (d6 tan & 20°C, § = 1,33.1073M) nhung
tan dé dang trong KI do phan d¢ng tac phic v6i ion iodua :

L, dd) +T =1 K= 700 9.67)

Thé ctia cap L;/31” la :

I; + 2e¢ = 31" E° = (,535bV (9.68)

Viéc tinh toan cho thdy th& clia cap I,(dd)2I" 1a 0,6197V.
Bdi vi iot it tan trong nudc va lai dé thang hoa nén khi chuin
dé iot thudtng dung KI du. Do dd, can bing oxi héa-khi chi
y&u trong dung dich la can bang (9.68).
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Phuong phdp iot duge dung d€ dinh lugng cd cic chdt oxi
héa va cdc chdt khu.

Céc chdt khit cd thé duge chudn do truc tiép bing iot hodc
cho tac dung véi iot l8y du va sau d6 chudn dé luong du iot
bang natri thiosunfat Na,8,0,. Csic chdt oxi héa duge dinh
lugng bang cach cho tac dung véi KI du trong méi trudng axit
va sau dd chudn dé lugng iot gidi phdng ra bang dung dich
Na,8,0,. Vi vay, trong phuung phdp iot, phdn Ung quan trong
nhit 4 phan dng giita iot va natri thiosunfat.

2. Chdt chl thi dang trong chudn dé iot

" Khi cho hé tinh bot vao dung dich iot loing thi xuft hién
mau xanh d4m dac trung. Hé tinh bot 1a ch&t chi thi rdt nhay,
né cho phép phat hién d& dang iot d&n néng do 1075M.

Hé tinh bdt cd it nh&t hai hgp chdt khac nhau 12 amilozo
vaA amilopectin. Amilozo tao phdc mau xanh dam véi ion L,

cdn amilopectin tao thanh mau tim nhat. Tuy theo loai hé tinh
bot ma ti 18 giita hai loai ed khdc nhau, vi vy mau thu dugec
cing khdc nhau. Chidng han khoai tdy chda vao khoang 20%
amilozo va 80% amilopectin cén tinh bdt hat chd@a hdu hét la
amilopectin. Vi vay d€ lam chi thi nén dung tinh b6t khoai tay.

D& nhdy cda chi thi ting lén khi cd lugng nhé iodua
(# 0,001M). D6 nhay gidm khi tang nhigt do, & 50°C do nhay

giam 10 ldn so v6i d6 nhay & 25°C. Do nh4y ciing giam khi cd

mat rugu etylic va metylic. Khi tI 16 rugu etylic vuot qua 50%
thi mau xanh khéng xuft hién.

Dung dich hé tinh bot d& bi vi khudn phan hiy, vl vay chi
nén pha ch& truée khi dung. Dung dich chi thi da d& lau tao
v6i iot mau tim hodc hoi dd, bi m&t mau rit cham khi tdc
dung v6i Na,5,0, vi di€m tuong duong xuft hién khong rs.
Ngudi ta thudng thém cédc chét biao vé nhu Hgl,, thimol, glixerin,
fomamit.

Khi chufin d¢ iot chi nén cho hé tinh bot khi gin dat dé&n
diém tdong dwong, lic dung dich di chuyén sang mau vang
rom, bdi vi phdc cia iot - hé tinh bét it tan trong nudc.
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Dung dich hé tinh bét bén duge diéu ché& nhu sau - nghién
2g hé tinh bot va 10mg Hgl, vdi mét it nude. D8 huyén phi
nay vao 1 lit nuée s6i. Dun s6i tiép tuc dung dich cho dén trong
subt, lam ngudi, bao vé trong binh ¢ nat nham. Khi chuin do
nén ding 5m! k4 tinh bot cho 100m! dung dich chudn ds.

3. Cdc ngudn gd'c sai s6 khi chufin dj iot
Khi chufn d6 phai chu y t§i cdc ngudn gdc sai s6 sau day :
a) Sy oxi héa I' bdi oxi khéng khi
4" + 4H" + 0, - 21, + 2H,0
Phén dng xdy ra rit cham trong méi trugng trung tinh,

nhung phan dng xfy ra nhanh khi néng d6 ion hidro tAng va
khi ¢d &nh sdng. ' S

Phén dng cing xdy ra nhanh khi ¢6 cdc ion kim loai da héa
tri lam xdc tdc (dac biét la dSng). Phan Ung cling dugc cdm
ung bdi cic phan tng giita iodua va chdt oxi hda. Do dd, khéng
nén d€ lau dung dich c6 chia I° du va axit qué thai gian cén
thiét d€ phan iing xdy ra hoan toan. Dac biét la khéng nén dé€
& ch6 c6 4nh sang. Khi cdn d€ lau thi phai dudi hét oxi bang
m