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Lot gisi thizu

Thuc hién mot s6 didu cua Lugt Gido duc, Bg Gido duc & Dao tao va Bo Y ¢
4 ban hanh chuong trinh khung ddo tao Duoc s dai hoc. B6 Y t& t0 chuc bién
soan tai lidéu day — hoc cdc mén co s vd chuyén mon theo chuong trinh trén nham
tirng budc xdy dung bo sdch dat chudn chuyén mén trong céng tic dao tao nhin

luc y &

Sdch HOA PHAN TICH duoc bién soan dua trén chuong frinh gido duc cua
Truong Pai hoc Y Duoc Thanh phé” HO Chi Minh trén co so chuong trinh khung
da dugc phé duyét Sich duvc cdc tic gia PGS.TS. Vo Thi Bach Hué ThS. Phung
Thé Péng, ThS. Tran Thi Trac Thanh, ThS. Phan Thanh Ding, ThS. Ngu vén Hiu
Lac Thuy bién soan theo phuong chim : Kién thic co ban, hé thong ; nét dung
chinh xdc, khoa hoc ; cdp nhat cic tién bg khoa hoc, ky thudt huén dai va thuc tién b
Viét Nam.

Sdch HOA PHAN TICH d4 duoc Hoi déng chuyén mon thim dinh sach va i
liéu day — hoc chuyén nganh Dugc si dai hoc cda Bo Y t& tham dinh nam 2007,
Bo Y t&8 quyét dinh ban hanh I3 tai ligu day — hoc dat chudn chuyén mén cia
nganh trong giai doan hién nay. Trong thoi gian fir 3 dén 5 ndm, sach phai dugc
chinh Iy, bd sung va cip nhat.

B6 Y 8 xin chan thanh cam on cdc tdc gia va Hoi dong chuyén mon tham dinh
da giup hodn thanh cuodn sach ; Cam on GS.TS. Tir Vong Nghr, PG5.T5. Tran T
An di doc va phan bién dé cudn sdch sém hoan thanh kip thoi phuc vu cho cong
tac ddo tao nhan luc y té

Lan déu xuat ban, chiing toi mong nhén dugc y kién dong gop cua dong nghiép,
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cdc ban sinh vién va cdc doc gia dé Iin xudt ban sau sdch duoc hoan thién hon,

VU KHOA HOC VA DPAOTAO - BO Y TE



LOI NOI PAU

HOA PHAN TICH la mét mén hoe danh cho cac hoe vién thude nganh Hoa. O
khoa Dugc ctia Truong Pai hoc Y Duge Thanh phd H6 Chi Minh, mén nay dudc
giang day cho:

— sinh vién Dudc nam thit 3 (hé chinh quy 5 ndm)

— sinh vién Dugc ndm thi 2 (hé tap trung 4 nim)
nham trang bi cac kién thitc co ban vé hoa hoc phéan tich dé tit d6 sinh vién Dugc
hiéu r6 hon cac mén Bao ché, Dudgc lidu, Hoa duge, Duge luc, Kiém nghidm thudc la
cac mén nghiép vu sé dude hoc tap o cidc nim ké tiép.

Hoa phan tich cfing 14 mét trong nhiing mén hoc nhiam cung cap cac kién thiic
nén tang rat quan trong dé sau khi tt nghiép, du lam viéc & bat ky cac vi tri nao
thi Duge st cing xac dinh dude nhiém vu ctia minh la truc tiép hay gian tiép gép
phan lam cho thudc phai diing vé chat lugng va dG vé s6 luong khi téi tay ngudi st
dung.

Vé1 muc dich trén, bé mén Hoa Phan tich — Kiém nghiém dé bién soan sach
Hoa phén tich, tap 1, cho sinh vién nganh Duge theo chi dao cua Bd Y t& va Bé
gido duc — dao tao.

Néi dung sach Hoa phan tich, tap 1, gdm cac phan sau:

Phan I: 1a phAn dai cuong gém cac chuong téng quat dé cap dén:

~ D61 tugng, chiic ning va phan loai cia hoa hoe phan tich.

— Cac loai phan tng hod hoc, khai niém va cac yéu td anh hudng dén can bang
ho# hoe, hiing s6 can bing va dinh nghia vé hoat d6, néng do.

— Cac khai niém vé sai sd va ing dung toan théng ké dé xu 1y cac két qua thu
dugce tt thuc nghiém nhiam dam bao d8 chinh xac theo yéu ciu ctia nganh Dugc.

Phan II: 1a phan dinh lugng gém cac chuong viét vé:

- Cach biéu thi va tinh todn ndng d6 dung dich cla mét chat duge st dung
thuong xuyén khi phan tich.

— Nguyén tac va cach thé hién cac budc dé tién hanh phéin tich khéi lugng.



— Nguyén tac, phan loai, gidi thich cac khai niém, ¢ ché cing nhu cac dng
dung cua cac phuong phap phan tich thé tich: acid — base; oxy hoa — khi; két tia
va tao phiic chu yéu st dung trong nganh Duge.

Cac can bo giang ciia bé mén da ¢é ging cap nhat hoa kién thiic dé bién soan
va van ludn mong gido trinh sé mang lal cho hoc vién kién thiic b ich, chinh xéc.

Ching t6i kinh mong quy thay ¢d, quy déng nghiép, quy doc gia va cac sinh
vién doc ky va néu nhiing y kién déng gop, chi gitp cac thiéu s6t dé chung t6i hoan
thién hon tai liéu giang day nay.

Chén thanh cam on va mong nhén duge nhiing ¥ kién déng gép quy bau cia
quy vi.

Chu bién

PGS.TS. VO THI BACH HUE
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Phan |

DAI CUONG

Chuong 1
PAI CUONG HOA PHAN TIiCH

NOI DUNG

1. MO PAU

Hoa phan tich 1a khoa hoc vé cac phuong phap xac dinh thanh phan hoa hoc
cua chit va cu tric cua cac hop phén c6 trong chit phan tich.

Cac phuong phap cua Hoa phén tich cho phép xac dinh dinh tinh mét chat,
nghia la c6 thé x4c dinh xem chit phén tich duge cau tao bdi nhitng nguyén t& nao,
nh6ém chiic nao, va phan tich xem cac nguyén t6 va cac nhém chitec d6 dude sép xép
va lién két v6i nhau nhu thé nao (phén tich ciu tric).

Hoa phén tich nghién citu cac phuong phap phén tich dinh lugng, dung cac
phuong phap d6 dé xac dinh thanh phin dinh lugng ctia cAc nguyén t&, cac hgp
chét hoa hoc trong chat phan tich.

Né6i vé Hoa phén tich, ngudi ta cho ring day la khoa hoc vé cac phuong phap
va phuong tién ctia phén tich hoa hoc va trong mtc d6 nhat dinh xac dinh ciu tric
hoa hoc. Vé phuong tién c6 thé hiéu d6 la: dung cu, thudc thi, chat chudn, ...
Phuong phap va phuong tién cta phén tich thay d6i thuong dua ra nhiing huéng
mdi, st dung nhiing nguyén tdc méi, ca nhitng hién tugng tir nhitng linh vuc c6 tit
xa xua. Thi duy, trong thuyc nghiém phén tich hoa hoc hién nay phuong phap vat ly
gilt vai tro quan trong dé 1a — phuong phap quang phd va vat 1y hat nhan.



Can phan biét khai niém "hoa hoc phan tich" va " phén tich hoa hoc". Ho&
phan tich 1a khoa hoc vé cac phuong phap phan tich, con phan tich hea hoc la
nhiing phuong phap duge dung trong thuc t& dé xac dinh thanh phan hoa hoc cla
chit phan tich. .

Nguoci ta ¢on phin biét khai niém “ky thuat phan tich” va “phuong phap phan
tich”. '

K3 thuat phan tich la dua trén cac hién tucng khoa hoc dé thu thap théng tin
vé thanh phan hod hoc clia chit phan tich. Thi du nhu kj thuat sic ky 16ng hidu
nang cao, k¥ thuat cuc pho.

Phudng phap phéan tich 1a {ng dung cu thé ciia mét ky thuat phan tich dé giai
quyét mdt van dé phan tich. Phuong phap cua phéan tich d6 1a phudng cach (cach)
xac dinh, luan chitng ré rang, danh gia toan dién cé cin cii dé xac dinh thanh phén
cua d6i tuong phan tich. Thi du phuong phap phan tich vitamin C bing ky thuat
cuc phd, phuong phap xac dinh phenol trong nudc séng diing k§ thuat sic ky.

2. CHUC NANG CUA HOA PHAN TiCH HIEN DAI
C6 thé chia ra lam 3 chitc nang (linh vuc khoa hoc):
2.1. Gidi quyét cac vaAn dé chung cia phan tich
Thi du: phat trién va hoan thién nhiing luan thuyét vé cac phuong phap phéan tich.
2.2, Nghién ¢tu cac phuong phap phan tich
2.3. Giai quyét cac nhiém vu cu thé ctia phan tich

Thi du: sy thanh lap chuyén nganh Hoa phan tich vé thudc phong chdng dich
bénh.

C4u tric sdu cia mdn hoc nay ¢ thé chia ra phan tich dinh tinh va phén tich
dinh lugng. Phan tich dinh tinh giai quyét van dé 1a cac hdp phan nao cé trong déi
tuong phan tich, phan tich dinh lugng cho biét vé ham lugng cua tit ca hay cua
ting hop phan.

3. PHAN LOAI

3.1. Phan loai theo dudng 18i phan tich

— Téng thé — Cuc bd — Trite ti€p — Gian tiép
— Phéan huy - Khdng phan huy - Gian doan - Lién tuc
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3.2. Phan loai dua theo thé tich va khéi lugng chit phan tich

— Phan tich thé: lugng mau thu chét ran 0,1 ~ 1 g, lugng miu thi dung dich
tir 1 - 100 ml.

- Phéan tich ban vi lugng: lugng mau thi ti 0.01 — 0,1 g, dung dich tir
0,1- 0,3 ml.

— Phéan tich vi lugng: lugng mau thi ti 10* -1072 g dung dich ti
10 %= 107" ml.

— Phén tich siéu vi lugng: lugng mau thit tit 10°° — 107" g, dung dich ti
107~ 10" ml.

3.3. Phan loai dua trén ban chit cia cac hgp phan cua chat cin xac
dinh

— Phén tich déng vi: chuyén nganh trong phan tich it st dung, nhung phin
tich nay thudng dung trong vat ly, mod, sinh hoc. Thi du nhu: xac dinh nudc
deuterium trong nudc thuong, cling nhu clia oxy "niang" (dong vi oxy 18) trong hén
hop véi su déng vi pho bién oxy 16. Phan tich déng vi cin thiét khi nghién citu cac
nguyén té nhan tao.

— Phén tich nguyén td (nguyén ti — ion): phan tich nhimg nguyén té nao
¢ trong d61 tugng nghién ctiu, ham lugng 12 bao nhiédu.

— Phan tich phan tu: diy 1a sy phat hién va x4c dinh hgp ch&t hoa hoe duge
dac trung bing khéi lugng phén ti xdc dinh. Thi du: phén tich hén hop khi, xac
dinh trong khéng khi nhiing thanh phan chinh (N,, O,, CO,, O, khi tro). Mot
trong nhiing phucng phap phén tich phin ti ngudi ta s dung phudng phap
sac ky. .

— Phén tich nhém chiwe: D61 véi phén tich hoa hiiu ¢o ¢dn ¢6 mdt dang phén
tich & gitta phén tich nguyén t6 va phan tli — d6 1a phan tich nhém chtic. Phan tich
nay trude hét xac dinh nhém chite, nghia 1a xac dinh titng nhém hitu ¢d riéng biét
nhu nhom carboxyl, hydroxyl, amin,... '

- Phan tich chat: Trong phan tich chat ngudi ta xac dinh trong dang nio cé
mat hop phan ta quan tAm trong déi tugng phén tich nay va ham hugng clia nhiing
dang nay. Thi du: trong miic dé nao cia sy oxy hoi ¢6 méat nguyén t6 As(IID) hay
As (V), trong trang thai hoa hoc nao ¢6 mit nguyén t& (thi du déng trong khoang
chat c6 thé & dang oxyd hay sulfit hay hén hop nhiing hgp chit nay). Phan tich
chit ¢6 nhiéu cai chung véi phan tich phan t{ hay tudng.

— Phén tich twéng (pha): d6 ta phan tich dé1 tugng trong hé di thé. Thi du:
sunfit va oxyd kém phén b8 trong khoang chat khéng ddng thé ma tao nhing
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tudng khac nhau. Ngudi ta dung cac phuong phap khae nhau dé tach va xac dinh
chc hé di thé tham gia trong thanh phan ciu tric (cac tudng) riéng biét, khac nhau
vé tinh chat, vé cau triic vat 1y va phén tach nhau béi giéi han bé mat.

3.4. PHAN LOAI THEO BAN CHAT CUA PHUONG PHAP

Xae dinh theo dic tinh ctia tinh chat do hay theo kha nang ghi nhan tin hiéu
tugng Ung.

C6 thé chia ra:

— Phuong phéap hoa hoe: la phuong phap dua trén nhiing phan ting hoa hoc.
Thi du: phan Gng acid- base, oxy hoa — khi, két tha — hoa tan, tao phic.

-~ — Phuong phap hoa ly, vat 1y: phuong phap vat ly dua trén nhiing hién
tugng va qua trinh vat Iy nhu phuong phap quang phd, phuong phap so mau, vat
Iy hat nhan,...

- Phuong phap sinh hoe: dua trén nhiing hién tugng cia cude séng (trao déi
chét, ting trudng, ttc ché cua vi sinh vat...), thi du nhu phuong phap phan tich vi
sinh vat 1a dya vao qua trinh trao déi chat cua vi sinh vat. Bing phuong phap v
sinh vat ngudi ta dinh lugng cac thuée khang sinh, khang nim, vitamin,...

4. PHAN TICH PINH TINH VA PHAN TICH DINH LUGNG
4.1. Phan tich dinh tinh

Phén tich dinh tinh la xac dinh cdc nguyén td, cac ion, cac phan ti c6 trong
thanh phan chat phan tich.

Dé tién hanh phudng phap dinh tinh nguoi ta diing nhiéu phudng phap 6 ban
chat khac nhau, cac ky thuat, cac duong 161 khac nhau: phuong phap hoa hoc, vat
ly va hoa ly.

4.1.1. Phuong phdap hod hoc

Phudng phap hoa hoc 1a nhiing phuong phap dinh tinh dua trén cic phan tng
hoa hoe. Nhiing phudng phap trong phan tich duge sti dung réng rii trong thue té,
phuong phap nay khéng doi héi trang bi phiic tap nhung con c6 mét s6 nhuge diém
la: trong trudng hop can phai tach chat ra khoi cac tap chit va phai tach é dang
tinh khiét thuong rat khé khan, d6i khi khéng thuc hién dude, khdng phat hién
dudge nhiing lugng chit rat nho.

4.1.2. Phuong phdp vdt Iy va hoa ly

Phuong phap vat 1y va hoa ly 1a nhiing phuong phap dua trén cac tinh chat
vat Iy ena cac chat can phan tich.

Thi du: Su nhuém mau ngon lua dén khi khéng mau thanh mau dic trung do

cac hgp chat bay hoi cia mot sd nguyén td hoa hoec Na®, K*....
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Phuong phap so mau ngon hia: Ngon lita Na™ ¢é mau vang, K* ¢6 mau tim,
Ba*" ¢6 mau xanh luc nhat.

Phuang phap phan tich quang phé hdng ngoai, phusng phap do quang (quang
phé hép thu), phuong phap cuc phd, phucng phap sic ky v.v...

Dung phuong phap vat 1y va hoa 1y ¢6 thé tach duge cée nguyén t6 ma ching
kho bi tach bdi cac phuong phap hoa hoc, phuong phap vat Iy va hoa ly ¢6 dd nhay
va do chinh xac cao nhung phai c6 trang bi phic tap, may méc dit tién khéng phai
tat ca cic cd s6 déu trang bi duge nén phucng phap hoa hoc vin déng vai trd quan
trong trong cong tac phan tich.

4.2. Phan tich dinh lugng

Phén tich dinh Iugng cho phép xac dinh thanh phan vé lugng cac hop phin clia
hop chat da cho hodc cia hon hgp cac chat. Khac véi phén tich dinh tinh, phan tich
dinh lugng cho kha nang xac dinh ham lugng ctia cic hop phan riéng ré cha chat
phén tich hodc ham lugng chung cta chat can xac dinh trong chat nghién cttu.

Cac phuong phap dung treng phan tich dinh lugng:

4.2.1. Phuong phap phén tich hod hoc

— Phén tich trong luong (phan tich khét lugng)

Phuong phap nay dua vao phan tng két tha cac chat can dinh lugng véi thude
thi. Két tia duge tach ra khéi dung dich, riia that sach réi nung hoic lam khé sau
d6 dem can. T khdl ludng cta két tha ta xac dinh duge khéi lugng cta chit cdn
dinh lugng. .

Phuong phap nay mit nhiéu théi gian nhung kha chinh xac.

— Phan tich thé tich (chuan dé)

Phuong phap nay dua trén sy do thé tich dung dich thuéc thit da biét chinh
xac nong dé can dung cho phan ting véi chd't cin dinh lugng. Phuong phéap nay rat
phd bi&n, dya trén cic phan ting trung héa, tao phiic, tao két tua, oxy hoa - khu,...

4.2.2. Phuong phdp phan tich vét 1y va hod ly (phuong phdp phén tich
dung cu)

— Phuong phép phén tich vat ly

Cac phuong phap phén tich dinh lugng cho phép xic dinh thanh phin cia
chat can phan tich khéng dung dé&h cac phan ting hoa hoc. Dé xac dinh thanh phan
chit can phan tich ¢ thé do cac chi s vé cac tinh chat vat Iy nhu: hé s6 khic xa,
dé dan dién, nhiét,...

— Phuong phap hoa ly

Cac phudng phap phan tich dua trén su thay d6i tinh chat vat 1y cia mot hé
cén phan tich, su thay ddi dé xay ra do cac phan vng hoa hoe xac dinh. Cac phuong
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phap vat 1y, hoa ly thudng dung: cic phuong phap sic ky, cac phuong phap do
quang, phuong phap dién hoa, cuc phd, dién di,...

5. CAC BUGC THUC HIEN CUA MOT QUY TRINH PHAN TICH

5.1. Mau thit — xac dinh déi tugng

DAu tién phai xéc dinh ré6 muc tiéu (cdn nhiing théng tin gi) va y&u cau phan
tich (dinh tinh hay dinh lugng). Thu thap théng tin vé miu thi: ban chit, ngudn
gde, cach 1dy mau, tinh trang mau va bao quan mau.

5.2. Lua chon phuong phap

Lua chon phuong phap phéan tich dya trén nhiing théng tin ¢6 trudec nhu: cd
mau phan tich, phuong tién phan tich, yéu cu phéin tich,.. Dé dat két qua phan
tich t6t phu thudc nhiéu vao su lua chon phucng phap.

5.3. LAy mau thi

Pay la budc quan trong nhit trong ca quy trinh phan tich. Chon mau dai dién
¢6 thanh phan phan anh ding thanh phan mau cin phan tich. Tt mau dai dién
chon va chuin bi mau lam thi nghiém va phan tich theo yéu ciu.

5.4. X 1y mau thi

Dé phan tich, mAu thi phai duge xi 1y 1a tach cac chat can trd ra khéi hon hop
trude khi do. Pay la giai doan quan trong trong phan tich.

5.5. Tién hanh do cac chat phan tich
Su dung nhiing dung cy, may moc thich hgp dé do chit cin phéan tich.
5.6. Tinh toan — x 1y két qua phan tich

Cac dii liéu thu dude xit 1y theo toan théng ké dé danh gia do tin cay cua két
qua do duge. Cac bude trén lién quan mat thiét véi nhau va anh hudng lan nhau.
Trong thyc té&, tuy theo ting trudng hgp cu thé, cac buée tién hanh trén duge don
gian hoa hoic bd qua mét sé bude, hodic thuc hién ding cac bude trén.

6. HOA PHAN TiCH LIEN QUAN TOI CAC KHOA HOC KHAC

Hoa phan tich khéng thé va khéng chi 13 mot phan cua nganh hoa hoc ma né
lién quan mat thiét véi cac nganh khac nhu: vat Iy va ky thuat. Phan tich hoa hoc
phan 16n dua trén cac thanh tyu clia quang phé (quang hoe, phong xa...), vat Iy hat
nhén va nhiéu phan khac cua vat 1y.

Cac phuong phap phén tich hoa hoc dudc sif dung trén nén tang cac thanh tuu
cia cie nganh hoa khac nhu: 1y thuyét vé cdn bing hoa hoc, dién hod, déng hoa
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hoc, hoa vé ¢g, hoa hitu cg, hoa keo, Ngoai ra Hod phan tich cén lién quan téi toan
hoc va sinh hoc.

Nhu vay c6 thé néi rang Hoa phén tich 1a dic trung ciia khoa hoc gdm nhiéu
nganh, khoa hoe l1én quan.

7. HOA PHAN TiCH Vv3I NGANH DUQC

Trong nganh Duge, Hoa hoc phan tich gii val tro quan trong. N6 ¢6 mit trong
suét qua trinh san xuit (kiém nghiém nguyén lidu, ban thanh phim, va sdn pham
cudl ciing), bao quan, luu théng va st dung thude. Cac phudng phap phén tich s
dung rat phong phit va da dang thudc cac linh vue: vat 1y, hoa hoe va sinh hoc-
Hién nay ngudi ta con quan tAm nhiéu téi cdc phuong phap kiém nghiém ding
trong d61 tugng sinh hoe, (thi du nhu phan tich mau, nude bot, dich nio tay, gép
phan vao cac nghién citu sinh duge hoe va dude dong hoc).

8. UNG DUNG VA HUOGNG PHAT TRIEN CUA HOA PHAN TiCH

8.1. ffng dung

Hoa phan tich déng vai trd quan trong trong su phat trién khoa hoc k¥ thuat
va nhiéu mon khoa hoc tu nhién: hoa hoc, dia chit, dia ly, khoang vat hoc, vat 1y,
sinh hoc, sinh ho4, ndéng hoa, v dude hoc. Trong nhiing linh vuc nay dé thuc hién
cac cobng trinh nghién ctiu khoa hoc déu ddi héi phai ap dung cac phudng phap
phan tich. Dua vio cac thong tin cua phén tich hoa hoc ma cAc nha dia chat tim
ki€m cac khoang chit. Dua vao két qua phén tich mau cac thay thudc chan doan
dudc tinh trang stic khde clia con ngusi. Su dinh lugng cac ion K*, Ca®*, Na* trong
dich t& bao ddéng vat cho phép cic nha sinh 1y hoc nghién efiu vai trd ctia cac ion
nay trong su dan truyén luéng thin kinh ciing nhu trong co ché co va dud: cia cac
cd. Cac nha hoa hoc giai thich cac co ché phan tng hoa hoc nhd vao viéc nghién
ctiu van tdc phan dng, nhd c6é cic phuong phap phan tich hién dai ma nguoi ta
tong hop dude cac chit hoa hoe méi, ...

8.2. HuGng phat trién

Ngay nay véi su phat trién cua khoa hoc ky thuat tién tién doi héi chuyén
nganh Hoa phAn tich ngay mdt hoan thién, dé dap ung nhu ciu trén Hoa phéan
tich tién té phai gial quyét duge 5 van dé sau:

8.2.1. Xac dinh va giai quyét nhizng khé khdin trong Hod phén tich

Can phai x4c dinh cac théng tin cu thé (dinh tinh, dinh lugng, tinh chat,
chiic nang).

Xac dinh tinh huéng cu thé.
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8.2.2. Thiét ké mét quy trinh phén tich

Thiét 1ap tiéu chuan cho mét quy trinh phan tich (d6 chinh xac, do ding, o
nhay, chi phi, quy mé thyc hién, tién d4 thic hién...)

Xdac dinh cac yéu t6 can trd.

Lua chon phuong phap.

Thiét lap cac tiéu chuin thim dinh.

Cach lay mau.

8.2.3. Thuc hién va thu thap dit liéu

Kiém dinh dung cu va trang thiét bi.

Chuan hoa thudc thi.

Thu thép dit lidu.

8.24. Xu ly diz liéu

— Giam hodc bién déi di lidu. ~ Panh gia két qua.

~ Phéan tich théng ké. — Biéu thi két qua.

8.2.5. Thue hién ddnh gid cua cd sé bén ngoai

Kiém tra danh gia lai két qua ¢ phong thi nghiém ctia cd s& bén ngoai.

Tuy diéu kién thuc t€, tinh hinh cy thé clia co s ¢6 thé khong gidi quyét dude
ngay hét cac van dé ma titng budc giai quyét tién tdi hoan chinh nhu cic yéu ciu
dat ra.

Hién nay & nuéc ta nganh Duge dang phat trién, céc xi nghiép Dudc cé phan
trong nudc va lién doanh da ra doi, bén canh dé cac phong bao ché 6 cac khoa Dude
cac bénh vién cling phat trién khéng ngiing, ngoai ra cic nguén thudc nhap khau
cling rat phong phu tir cac nudc phat trién va dang phat trién. D& dam bio chat
lugng thude san xudt va thude xuat nhap khau dén tay ngudi tibu dung, cong tac
kiém nghiém thudc ngay cang dude quan tim, vi vy ngudi Dugc si can trang bi
nhiing kién thic viing vang vé Hoa hoc phén tich. Ngoai ¢ong tac kiém nghiém
thudc, cac cong tac khac trong cac phong thi nghiém hoa dudge, duge ly, dudge liéu,
duge ldm sang, sinh hod, doc chat,... cling doi hoi nhiing kién thiic vé Hoa hoc
phéan tich.

TU KHOA
— Hoa hoc phan tich — Phan tich chat
— Phéan tich dinh lugng — Phéan tich vi lugng, ban vi hugng, siéu vi lugng
-~ Phan tich phan ti — Phén tich nguyén t8
— Phin tich dinh tinh — Quy trinh phan tich
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CAU HOI LUGNG GIA

1. Cho biét déi tugng cua hoa hoc phan tich. Su lién quan cua hoa hoc phéan

tich vé1l nganh Dudc va cac mén khoa hoc khac.

2. Thé nao la phan tich dinh tinh? Néu cac phuong phap phan tich trong phan

tich dinh tinh.
8. Néu cac phuong phap diing dé phan tich dinh lugng.

4. Trinh bay cac bude thuc hién cua mét quy trinh phén tich.

CAU HOI TRAC NGHIEM

Hay chon ti ngii thich hgp dién vao chd tréng trong cac ciu 1 va 2 sao cho phi

hgp:
1. Hoa phan tich 1a khoa hoc vé si xac dinh......... cua chit phan tich
a. phén (ing hoa hoc c. thanh phan e. tinh chat hoé hoe
b. thanh phan hoa hoc d. nhém chiic

2. Phan tich dinh lugng cho phép xac dinh..... clia cac hgp phédn trong chat

nghién cdu;

a. cAu true ¢. thé tich

b. thanh phan d. trong lugng

3. Phudng phap hoa hoc la phuong phap dua trén
a. tinh ¢h&t hoa hoc c. phan ting hoa hoc
b. thanh phan hoa hoc d. hién tugng hoa hoc

4. Hoa phéan tich déng val tro quan trong trong sy
khoa hoc

a. vy dugc hoc c. khoang vat hoc

b. dia chat d. tat ca cac ciu trén

5. C6 may bude chu yéu ciia mot quy trinh phén tich

a. 3 c. b

b. 4 d. 8

e. ham hugng

e. cau tric hoa hoc

phat trién clta mén

e. chiciau ab
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Chuong 2
CAN BANG HOA HOC

NOI DUNG

1. PHAN UNG HOA HOC
1.1. Pinh nghia

Phan ting hoa hoc 1a phan ting khi lién két mét hay nhiéu hon 2 nguyén 6 thi
cac lién két hoa hoc trong chat tham gia phan ting thay déi va tao ra chit méi (san
pham). Qua trinh nay luén kém theo 1 su thay d6i nang lugng va tuan theo dinh
luat bao toan nang lugng. Phan ting hoa hoc két thiic khi ¢6 su can bing phan ing
hoa hoc hay cac chit tham gia phan tng da dude chuyén d6i hoan toan.

1.2. Cac loai phan @ng hoa hoc

Céc tai ligu vé phan ting hoa hoc hién nay phén loai nhidu kiéu phan ing theo
cac cd ché nhung cht yéu tap trung cac loai sau:

1.2.1. Phan ing két hop (synthesis reaction)

Trong phan ing nay, 2 hay nhiéu chit don gian sé& két hdp dé tao nén chat
phic tap hon.
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e Dangcoban: A+ X - AX
Thi du: khi hydro két hgp véi khi oxy c6 thé tao nén chit phiic tap hon 14 nude
2H, + 0, > H,0
Thi du 1: kim loai + oxy — oxid kim loai’:
2Mg(r) + Oy(k) — 2MgO(r)
Thi du 2: phi kim + oxy — oxid phi kim:
Cr) + 0z(k) - COy(k)
Thi du 3: oxid kim loai + nude — hydroxid kim loai
MgO(r) + H,0() - Mg(OH),(r)
Thi du 4: oxid phi kim + nudc — acid:
CO4(k) + H,0@1) - H,CO3(nudc)
Thi du 5: kim leai + phi kim — mudi:
2 Na(r) + Cly(k) = 2NaCl(r)
Thi du 6: Vai phi kim két hgp véi nhiing chat khac:
2P(r) + 3Cly(k) — 2PCl (k)
C6 2 phan ting thudc loai nay cin ghi nhé
Ng(k) + 3Hy(k) - ZNH;(k)
NH;(k) + H,O() > NH,OH(nuée)
1.2.2. Phan ¢ng phan hiy (decomposition reaction)
Phan ting phan hay la mét phan fng hoa hoc tach rdi do mét chat ty huy hay
chia ra thanh cac dan chit
e Dangcdban: AX > A+X
2H,0 — 2H, + Oy
Thi du 1: carbonat kim loai, khi dun néng tao thanh cac oxid kim loail va khi
CO,(k).
CaCO4(r) —» CaO(r) + COu(k)

Thi du 2: HAu hét cac hydroxid kim loai, khi dun néng phan huy thanh oxid
kim loai va nudc.

Ca(OH),(r) —» CaO(r) + H,0(k)

Ky higu (k = thé khi = gaz); (I = thé 16ng = liquid); (r = thé rdn = solid); (nude = dung moi,
nudc = aqueous)
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Thi du 3: Cac clorat kim loai khi dun néng phan huy thanh clorid kim loai
va oxy.

2KC104(r) - 2KCI(x) + 30,(k)

Thi du 4: Mot s6 acid khi dun néng phan hﬁy thanh oxid phi kim va nuéc
H,S0, — H.,00) + SO,(k)

Thi du 5: Mot s6 oxid khi dun néng phéan hity:
2HgO®) — 2Hg(l) + Oy(k)

Thi dy 6: Mot s6 phan ting phan huy dude san xudt do dién phan
2H,0(0) — 2H,(k) + 0,(k)
2NaCll) —» 2Na(r) + Cly(k)

1.2.3. Phan tng trao déi (replacement reaction)

Dang cd'ban: A+ BX > AX+Bhay AX+Y > AY + X

Thi du 1: Trao d6i 1 kim loai cia 1 chat bang kim loai ¢6 hoat tinh hon
Fe(r) + CuSO,(nude) — FeSO;(nuc'ic) + Cu(r)

Thi du 2: Trao d6i nguyén tit hydro ¢6 trong nuée bang kim loai c¢6 hoat tinh
2Na(r) + 2H,0() - 2NaOH(nuéc) + Hu(k)
Mg(r) + H,0(k) —» MgO(r) + Hy(k)

Thi du 3: Trao déi nguyén tii hydro ¢é trong acid bing kim loai ¢6 hoat tinh
Zn(r) + 2HCl{(nudc) — ZnCly(nude) + Hy(k)

Thi du 4: Trao déi phi kim bing kim loai ¢6 hoat tinh hon.
Cl,(k} + 2NaBr{nudc) — 2NaCl(nude) + Br,(1)

a) Phan ting trao déi don (single replacement reaction)

Phan tng trao déi don 13 mdt phan ing hod hoc cia mét don chat véi acid.

Trong phan Gng trao déi don thi mét nguyén t& khéng két hop sé thay thé nguyén

t0 khéac trong mot hop chat. Hai chat tham gia phan ting nhudng chd cho 2 san
pham.

Thi du: Natri két hop v8i acid hydrochloric thi natri s& thay thé hydro
2Na + 2HCI — 2NaCl + H,
b) Phén ting trao doi kép (double replacement reaction)

Trong phan tng trao doi kép thi 2 hgp chat chuyén vi tri dé tao thanh 2 hgp
chdt méi. Hai chat tham gia phan iing nhudng chd che 2 san phim méi.
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Thi du: Bac nitrat két hop véi natri clorid sé tao 2 hgp chit méi 12 bac clorid
vaA natri nitrat
AgNQO, + Na(l - AgCl + NaNO,
Fe,O. + 6HC]l - 2FeCl; + 3H,0
¢) Phan ting trao déi ion
Phén tng trao doi ion la phan fmg hoa hoc xay ra giiia cac ion trong dung dich
nude. Mot phan ting sé xay ra khi cap ion cling nhau trao déi dé tao thanh it nhat
mot trong nhiing chit sau: két tia, khi, nutde hay chit khéng ion hoa khac.

« Dang cd ban: AX + BY » AY + BX
Thi du 1: Phan ung tao tua
NaCl (nuée) + AgNO ,;(nuée) - NaNO(nude) + AgCl(r)
BaCly(nuéde) + Nay SO, (nuée) —» 2NaCl(nude) + BaSO,(r)
Thi du 2: Phan ting tao khi
HCl(nuée) + FeS(r) - FeCly(nudc) + H,S(k)

Thi du 3: Phan (ng tao nude. (Néu phan ling gitta acid va base thi goi la phan
iing trung hoa)

HCl(nudc) + NaOH(nuée) - NaCl{nude) + H,O(l)
Thi du 4: Phan dng tao ra mot san pham phan hay

CaCOy,(r) + HCl(nudc) —» CaCly(nude) + COyk) + H,O0)
1.2.4. Phan ing oxy hoa — khu

Chat tham gia phan ting bi oxy hoa (mat mdt hay nhiéu electron) va cac chit
tham gia khac bi khit (nhan mot hay nhiéu electron).

Cace thi du chung ctia cac phan ttng oxy hoa — khit lién quan dén oxy la su sét
ri ctla kim loai nhu sat (cic kim loai bi oxy hoa bdi oxy cua khi quyén), su dot chay
v chuyén hoa nang lugng trong co thé.

CIUH8+ 1202 —> ]_OCOZ + 4H20 + nhlét

Mot thi du cua phan dng oxy hoa - khit khéng lién guan dén oxy cua khi quyén
la phan tng tao dién trong binh acquy:

Pb + PbO, + 4H" + 280,% — 2PbS0O, + 2H,0

2. KHAI NIEM VE SU CAN BANG HOA HOC

Khi khao sat cac phan dng hod hoc ngudi ta nhan thiy co6 rat it phan tng hoa
hoc di chuyén chi theo mét chiu. Pa s6 cac phan ing hoa hoe déu di chuyén thuan
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nghich. Khi bdt ddu ¢6 su tao thanh san pham la ¢é phan {ng theo chiu nguge lai
hay ¢6 thé néi ngay tit lic ¢é6 nhiing phan t san phdm xudt hién la bat diu ¢é
phan ing nghich.

Khi tdc d6 ciia phan tng di chuyén theo chiéu thuin va theo chifu nghich
bang nhau va néng d6 cuia chdt tham gia phan ving va cha noéng dd sin phim
khéng thay ddi theo thai gian niia la cin bing hoa hoc da dat dén.

Can biéng hoa hoc 1a mét qua trinh cdn bing déng. Hay tudng tudng nhu
nhitng ngudi dang trudt tuyét trén 1 dée thoai. Lugng ngudi dang di 1én va trugt
xuéng lién tuc néi tiép nhau thay déi nhung téng s6 ngudi tham du trugt tuyét tir
dinh t6i chan ddc khong thay do.

Khi néi dén can bang hoa hoc 1a néi dén ¢6 it nhat 2 chdt khac nhau: chat
tham gia phan ding va san pham.

Khi néi dén can bang vat 1y la chi dé cap dén mét chat cé trong 2 pha (thé) khac
nhau va sy thay d6i san pham chi 1a thay d6i vé ly tinh. Thi du trong su bay hei nuéce
s6 mol H,O thoat ra khdi thé 1éng bang véi s6 mol H,O chuyén thanh thé khi:

H,O0 () 5 H,0 (k)

Mot thi du dién hinh cua can bang hoa hoc 1a phan tng:

N,0, (k) S 2NO, (k) (2.1)

Pay 1a phan tng tao thanh khi nito dioxyd (NQ,) ti khi dinito tetracxyd
(N,O,). Cé thé theo ddi didn bién ciia phén ting nay dé dang do N,O, 1a khi khéng
¢é6 miu trong khi NQ, ¢6 mau nau dam. Néu bom mét lugng chinh xae N,O, vao
mét binh ciu trong dé la chan khéng thi mau nAu ciia s& xuat hién ngay chiing té
la NO, c6 mit. Mau nau sé dam dan do NyO, tu phan ly. Dén khi dat cin bing thi
mau khéng doi niia.

D41 véi phan (ing ngude véi phan dng (2.1)

2NOQO, k) S N,O, (k) 2.2)

Trong cac hinh minh hoa 2.1 va 2.2 vong méau niu den dai dién cho khi NO, va
vong tring dai dién cho khi N,O,.

Né&u bat ddu vét NO,, c6 thé minh hoa c4n bing dat dén nhu sau:

1 2 3 4 5 4 8
°
o %o 0% | ¢,50 0 o 0 | %% o
® ® LA o e
°%°® Op @ | JO®O o OO Og® . ©0
P PP ° O @0 e O °

Hinh 2.1. Chuyé&n 2NO, (k) 5 N0, (k), hé théng can bing 8 cac 64, 5va 6
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Né&u bit ddu véi N,O,, & ciing nhiét d6 ¢6 thé minh hoa cin bing dat dén 1a

Too o |® 9 10 o 11 o 12
000 o0 0 ®
o 0 S e O 0e0® O | g Cgg .OO e %0°®
“5 o % | 8o ° 0° ® 0 %40
o 7o o © @O0 O o ° o ©

Hinh 2.2. Chuyén N,O, (k) 5 2NO, (k}, hé thdng can bing 8 cac 6 10, 11 va 12

Tuy theo nhiét d6 va khéi lugng ban diu ctia N,O, (c6 thé c6 1an NO, hay
khéng) da st dung ma néng 46 ciia NO, va N, O, d trang thai cin bang cha hé nay
s€ khac hé khac.

Chu y:

- M6t hé théng can bing khéng can bat et nang lugng nao dé duy tri su
cAn bang.

— Khéng nén lan 16n trang thai cAn bang va trang thai tinh. Trang thai tinh la
trang thai ma cac ndng 46 déu khoéng ddi theo thoi gian.

— Can bang hoa hoc la trang thai dong trong dé chat tham gia phan fng va
san pham chuyén d8i lién tuc cho nhau. Téc d6 mat & va xuit hién cta ching
bing nhau.

Bang 2.1 néu vai dit liéu thuc nghiém lién quan dén phan tng nay ¢ 25 d6 C.
Nong do6 ena khi duge dién td bdng néng dé mol va duge tinh tit s6 phan tit cia khi
cé mat tir lic phan (ng bat dau cho dén lic phan Gng cin bang xay ra trong. 1 thé
tich ciia binh cau (tinh bang lit).

Phan tich cac di liéu tit su cAn bing sé cho thay trong khi ty 56 [NO%I 0,1
NyQOy

2
cho nhiing gia tri thay d8i thi ty s6 [NO2%I 0 ]lai gan nhu hang dinh va trung
24

binh 12 4,63 x 107"
(314 tri trung binh nay goi 1a hang sd can bing K déi v6i phan @ng nay & 25
a6 C.
Biéu thiic toan hoc ciia hing s8 cin bing d6i véi hé NO, - N,0, 1a
2
K - [NO,]

—4,63x107°
[N,O,]

Ciing cin chu ¥ 1a s6 mi1 2 ctua [NO,] trong biéu thiic trén bang hé s6 cdn bang

ty luong cua NO, trong phucng trinh (2.1).
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Khai niém nay thu duge khi xét phuong trinh cua phan tng thuin nghich:
A+BSC+D (2.3)

A, B: Cac chit tham gia phan iing

C, D: San pham tao thanh.

Phuong trinh (2.3) 1a biéu thiic toan hoc tuidn theo dinh luat tac dung
khéi lugng.

Bang 2.1. Gia tri cac ty $6 ndng do ciia NO, va N,O4

Néng do ban dau (M) Néng dd can bang (M) Gia tri cac ty s ndéng do
[NO, | [Nozf
NO N,O NO N-O =
[NO] [N204] [NO2] [(N2Oy4] (N0, ] N,0,]
0,000 0,670 0,0547 0,643 0,0851 465 x 107
0,0500 0,446 00,0457 0,448 0,102 466 x 107°
00,0300 0,500 0,0475 0,491 0,0967 460 %1073
0.0400 0,600 0,0523 0,594 0,0880 460 % 1073
0,200 0,000 0.0204 0,0898 0,227 483 <107
o N204 N204
g; | 2 N,O, oy
5 2 NO 2
=z N02 zO 2 ZO NOZ
Thdi gian Théi gian Thdi gian
a b c

Hinh 2.3. Bién d8i néng dé chia NO, va N,O4 theo thdi gian
a) Luc dau chi cé NO,; b) Lic ddu chi co NyQy; ¢) Lic dau cb hén hgp NO, va NoQy
3. HOAT b0 VA NONG b0

Khi néi dén hoat d6 va néng db can xac dinh ro 2 loai nong do:
— Néng d6 mol/l (phén ti gam / 1) chi sd phan ti gam chat tan (chat tan ¢é thé
]a phan tid, 1on) cé trong mdt 1000 ml dung dich.
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— Néng d6 molan chi s8 phin tU gam chdt tan cé trong mét 1000 gam
dung dich.

Khai niém hoat do va hé s6 hoat d6 do nha hoa ly ngudi Hoa Ky Lewis dua ra
(1907). Dé hiéu rd hon s& xét thi du & bang 2.2

Biéu thic dé tinh pH 1a pH= ~ 1g[H'] (12 mot cong thic rit quen thudc dé dién
ta su lién quan giiia pH va nong dé mol cua ion HY).

Theo bang 2.2, néu so sanh pH tinh toan theo c¢dng thie va pH do dude qua
thuc nghiém thi sé nhan thay c6 sai s8 gilia gia tri pH 1y thuyét va thue nghiém.

Ly do cé sai s6 nhu da thdy la do biéu thic pH= — 1g[H'] chi chinh xac trong
mdt giéi han pha loang va pH that sy tinh theo hoat dé ion hydro chit khéng tinh
theo néng do.

Nghia la pH=-lg ay,

Hoat d6 ay, cua ion hydro ¢6 trong mét dung dich da cho co thé dugde xac dinh

bang cach don gian la do pH.

Bdng 2.2. Su khac biét vé pH tinh theo ly thuyét va thuc nghiém

."Néng do mol chia HCI pH theo Iy thuyét pH theo thuc nghiém : Sai s6 pH
0,00050 3,30103 3,31 -0,00897
0,0100 o 2,04 ' -0.04
0,100 1 o _ 0,1 N
0,4 0,39?94‘“ 0,52 0,12206

Mét cach tong quat, giita hoat do va ndng do c¢6 mdi lién quan theo céng thic:
a=yChaya=fC
véi a: hoat dd; v (hoic f): hé s6 hoat d6; C: ndng dd mol;
Hoat dd dua trén cac néng do da cho dude ap dung tot déi véi chae dung dich
khéng dién ly (hay cac hop chét phan tit). Trong dung dich pha lodng, hé s6 hoat
dé thuong = 1 cho nén hoat do = néng do.

Trong dung dich dién ly, do cdc tac déng tuong hd cia dién tich nén ¢in quan
tam dén vai véu t6 dac biét dé tinh dude hé s hoat dé nhw:

— Lue jon: Khi ban dén dung dich ion thi it nhat phai biét vé luc 1on cia dung
dich nav vi ngudi ta tin rang luc ion s& 4nh hudng dén hoat dé ion. Pai lugng niy
duge ky higu 1a 1
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Mot chat dién ly M X" duge phén ly thanh:
MX"=x M™ +m X"

Cac ion duong M™" va c4c ion 4m X phdi cting ¢6 mat trong mét dung dich va
khong c¢6 cach nao dé tach riéng hoat d6 clia cac ion duong va 4m. Do vy, thuong
dung dai lugng hoat dé ion trung binh (a)

a=y C (mex)"(on)

Déi véi c& 2 ion duong va Am, C la ndng d6 ty luong cua chat dién ly
(stoichlometric concentration).

Trudng hgp nay hé s6 hoat dd trung binh duge tinh theo biéu thite:

Yo = (Yi+,yt— )1f(v++v_)

Trong d6 v+ va v- lan lugt 14 s cation va anion trong 1 don vi céng thic clia
chat dién ly.

Ngoai ra, phuong trinh Debye Huckel md réng (cai tién tit dinh luat giéi han
cua Debye Huckel) cling 14 biéu thitc ¢6 cd s6 chic chan dé lam nhe di cach tinh
néng d6 khi tinh theo hé s6 hoat d9 trung binh:

Il.l"2
lg}(i =—-A ‘Z_'_Z_l m

Trong d6 A 1a hang s6 tuy thude vao tinh chit clia dung moi (A= 0,5085 dai véi
nudc & 25°C), z+ v z- la cac dién tich ion, I 1a luc ion dude xac dinh theo phuong
trinh:

I= 14 Z Zi2mi

trong d6 m; la néng dd ctia ion i. Tém lai, I dudgc tinh dén tat ca cac ion c6 thé
¢O trong dung dich nay.

Dai véi cac dung dich dam dic, viée st dung ndng dd tinh theo trong lugng clia
dung méi (néng d6 molan) thudng cé thé cung cidp mét ude lugng tot hon la dung
néng dé tinh theo thé tich (ndéng d6 mol).

4. HANG SO CAN BANG (HSCB)

4.1, Cach tinh hing sé cin bang

Dinh luat tac dung khéi lugng 1a dinh luat biéu dién méi lién quan gitia néng do

thoat d) cuia cdc chét phan (ng va ciia san pham phan iing & trang thai cAn bing.
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Dinh luat tac dung khéi hugng chi ap dung dude véi cac dung dich 1y tudng la
dung dich ctia cic chat khong dién ly va cac chit dién ly yéu v6i nong do rat loing
(hoat d9). Trong thuc t&, thuong thudng ndéng do cua cac dung dich khéng tudn
theo d0 pha lodng mdt cach chinh xac.

Trong trudng hop cac chit dién ly manh hoic cac chat dién ly yéu nhung nong
d6 cao thi su sai léch rat 1dn, day 12 giéi han cta dinh luét tac dung khéi lugng. Vi
thé& khi ap dung dinh luat tac dung khéi lugng chi nhan duge cac két qua gan
ding. Tuy vay, trong nhiéu truong hgp dd chinh xac nay van chap nhan duge véi
cac muc dich thue tién.

Thi du: d6i véi phan ting § trang thai cAn bang

mA+nB S pC+qgD (2.9)

Néu tinh theo hoat do

Khi mét phan ting dat trang thai cdn bang thi ti s§ giita tich cac hoat dg cua
cAc san pham phan tng (dude ning luy thita vél s6 mu bang hé s6 ti lugng trong
phudng trinh phan ting) va tich tuong ting cla cac chat phan ting 1a mét hing 8 (4
nhiét dé cho san).

khi dat can bang thi ti s6

2K, (2.5)

K, duge goi 1a HSCB, trong d6 a,. ag, ac, ap 12 hoat dé can bang cla cic chat
phan Gng (A, B) va cac san pham phan fing (C, D); m, n, p, q la cac hé sd ti lugng
tudng ung.

N&u tinh theo néng dd _

Thay cho hoat d§, HSCB ciing c6 thé biéu didn qua nong do C,, ap sudt riéng P,
hoiic phAn mol X, cia cAc cau tii i tuong ting. Trong cac trusng hgp nay HSCB duge
ki hisu K, K, K., '

K_ - hang s6 can bang:

[CPD _

K (2.6)
APEBP

Trong phuong trinh 2.6
[A], [B], [C], [D]: ndéng db cén bang tuong iing clia chit phan ung va san pham,

m, 0, p, q: cAc hé s6 cAn bang (cac hé 56 ti lugng tudng iing).
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Néu coi (2.4) la phan Gng cd ban (xay ra trong mot giai doan, mot va cham)
theo chiéu tit trai sang phai thi tdc d¢ phan ing theo chiéu thuan duge biéu didn
bang phudng trinh:

vV, = K [A]P[B)” 2. 7)

Trong do, V| la téc¢ dd phan tng; m, n 14 cac hé s6 ti lugng:

K,: hang s& téc d¢; [A] va [B] la néng do tuong itng ctia chat phaning AvaBd
thai diém khao sat.

Néu coi (2.4) 1a phan Ung co ban hai chiéu, thuan va nghich, V, la tée d6 phan
{ing xdy ra theo chiu ngude lai. Phan tng dudc déc trung bang hai hang s8 téc do
K, va K, véi

Vs = Ky[C]P[D]? (2.8)

Khi phan ttng dat téi trang thai cian bing thi V=V,

Nghia 1a K, [A]"[B]" = K,[C]"[D]"

% - . Ry
Hang s6 can bang K. = Ky _ IC1[D]

c (2.9)
Ky [AI"[B]"

Trén thuc té, (2.4) thudng biéu dién mét phan ing phic tap (bao gdm nhidu
gral doan, qua nhiéu va cham) thi bidu thize (2.6) no6i chung khong dung. Trong
trudng hgp nay ham tdc do phan dng phu thude néng d6 c6 dang phiic tap. Chi
trong moét s8 trudng hgp tée d6 phan Gng cé thé biéu dién bang ham miu:

V = kChicn? (2.10)
Trong d6 nl va n2 tuong tng la bac phan dng theo cac ciu ti 1 vi 2. C: néng
d6 ctia cac chdt tham gia ho#ic sdn pham tao thanh sau phan tng.

Nhut vay, n1 # m va n2 # n. Bac phan ting 12 dai lugng duge xac dinh bing thuyc
nghiém, khéng lién quan dén cac hé s6 ti ludng. Bac ¢6 thé 1a s6 nguyén, phan s§
hay s6 khong.

4.2. Hang s6 can bing clia cae phan ung hay su dung trong hoa hoc
phan tich
4.2.1. Hing sé cén bdng ctia cde phdn ung phan ly (HSPL)

La hing s8 cAn biing clia phan ting phan ly mot chit.
Thi du: d6i vé6i phan tng phan ly acid yéu HA:
HA=H"+A"

28



_Age-ay  [HYATR

K -
? Apa (HAJyga

K, dudc goi la HSPL nhiét déng; a: hoat do ciia ion hoac phén ti; v: hé s hoat
dé. Trong nhiing trudng hgp, khi ¢6 thé chdp nhan hé s6 hoat d6 khéng dai;

K - fna _{HT)AT]
@ 4 e [HA]

K', duge goi la HSPL diéu kién. K, phu thuéc nhiét d6, khéng phu thude nong
dg; con K', phu thudc ca ndng dé va nhiét d6. Bén canh K ngudi ta con dung khai
niém pK, = - IgK,.

Thi du. Déi véi acid acetic CH;COOH 6 25°C, K, = 1,754. 107" va pK_ = 4,76,

Trong hang s& phan ly ngudi ta cé thé 1am ré hon vai hiang s6 khac la:

a) Hing sé'phan ly acid (phan ing acid —base)

Phan ting cua mét acid véi dung méi (nhu nude) dude goi la phan tng phan ly
acid. Acid chia lam 2 loai:

— Acid manh nhu 12 HCl chuyén hét proton ctia né cho dung méi.

— Acid yéu nhu acid acetic khéng thé cho hét proton acid ctia né cho dung moi.
Thay vao d6 hau hét acid con lai khéng phan ly, chi mét phan nhé hién dién dusi
dang base lién hgp

CH,COOH (nuéc) + H,0 () S H,0+ (nuée) + CH,CO0 (nude) (2.11)

Hing s6 can bing clia phan tng nay dudc goi hiing s6 phan ly acid K.. K, cua
acid acetic 12 1,75 x 107°

_ [H"][CH,;C007]
*  [CH;COOH]

Chd y: nong d6 cua nudc cé thé bd qua trong biéu thie tinh K, vi gia tri qua
16n khong bi anh huéng béi phan tng phan ly. Dé 16n cia K, cung cap thong tin vé
luc tuong déi cua acid véi K, cang nhé thi acid cang y&u. (trinh bay trong
chuong 7)

b) Hing s6 phan ly base (phan wng acid —base):

Hang 58 phan ly base la hing s6 can bing giita base yéu va proton ma base
nhan dé tao nén acid va acid dé.

Thi dy gitta NH;; v proton tao nén acid NH," va acid dé, cé can bing:

NH, +H" 5 NH,*
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Vdi hang s6 ¢An bang
{NH,']
[NH;][H"]

b =

K, dudc goi 1a hding s§ phan ly base. Vi cudng dé ctia base duge biéu thi bing
K, nén K, cang 1dn, base két hgp v6i proton cang nhiéu, nghia la base ciang manh.
Thi du NH, ¢6 K, = 1,76.10 " manh hon base CH,CO0™ ¢6 K, = 1,74.10 °.

¢) Hang s6 khong bén cta phite chdt (HSKB)

Héng s6 cin bing gitia phie chat va cac tiéu phan (ion, phin ti) tac nén phiic
chat do.

Thi du: giia ion phitc Ag(NH,),” va Ag’, NH; (do ion phitc d6 phan ly) c6 can
bang:

Ag(NH,)," =2 Ag* +2NH,

_ [Ag"]INH, P
[Ag][(NH;)35]

Hing 6 can bang K, nay dude goi 1a HSKB cia ion phic Ag(NH,),"; vi K,
cang 16n, ion phic phén li cang nhiéu nén K, con duge goi la hing s8 phan ly cta
phiic chat. (trinh bay trong chucng 10).

4.2.2. Hang s6 cin bang ctia cdc phdn iing két hop (HSKH)

La hang s6 can bing giita ion ty do va cdp ion (do hai ion khac ddu két hgp véi
nhau tao thanh).

Thi du: d61 vé1 KCl (kali clorid) giita cac ion tut do K, CI” va cip ion K'Cl™ ¢6
can bing:

K* + CI- e K*CI~ véi HSKH K, = 5 O]
[K*]J[CY]

HSKH phu thude vao hing s6 dién méi D ciia dung mdi va néng do chit tan:
K, cua KCl 0,1 M trong acid acetic vé1 D = 6,2 1a 106,9 va trong metanol véi
D = 32,6 1a 101,15. Trong dung méi ¢6 D cang nho, K,, cang cao; trong benzen,
clorofom hau nhu khéng 6 ion tu do, vi D rat nha.

Trong hing s6 két hop ngusi ta ¢ thé 1am rd hon hang s6 khac nhu:

a) Hang s6'bén (HSB = K) (Phdn ting tao phiic)

Hing 6 bén la hang s cin bang gitta cac tiéu phan (ion, phén ti) tao nén
phtc chit va phic chat dé.
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Thi dy: gita Ag® va NH, tao nén ion phiic Ag(NH.)," va ion phtic dé cé
can bang
Ag® +2NH, == Ag(NH,),"
v6i hang s0 can bing
_ [Ag(NH;)7]

K
" [Ag*)(NH, 2

Hing s6 cén bing K ciing duge goi 1a HSB ciia ion phite Ag(NH,);; vi K cang
16n, Ag(NH,); duge tao nén cang nhiéu nén K coén dude goi 1a hing s6 tao thanh
phuc chat. (trinh bay trong chuong 10)

b) Hang so bén diéu kién (Phdin iing tao phic)

(trinh bay trong chucng 10)

4.2.3. Hing sé can bdng cia cde phdn ing trao déi

Tich s6 tan (Phan ting tao tia)

Phan dng tao tia xay ra khi ¢6 2 hay nhiéu chit hoa tan k&t hop véi nhau dé
tao thanh chéat khong tan goi la tia. Phan tng két tlla chung nhit 13 phan tng
hoan vi ma trong dé 2 hgp chit ion hoa tan trao déi cae phan.

Thi du: Pb** (nuée) + 2C1 ~(nude) S PhCL, ()

Tuy nhién, trong viée xit Iy su cAn bing clia su két ta, cling thudng xuyén gip
phan Ung ngugc chiéu mé ta su phan ly caa tia nay.

PbCl, (r) S5 Pb*" (nude) + 2C1 ~ (nudc)

Trong phan ting nay ¢6 mét hing 6 duge goi 1a tich s6 tan (solubility product,
Ksp) 1a tich néng dé cic ion ctia hgp chilt it tan trong dung dich bao hoa chat dé

TST ctia PbCl, = Ksp = [Pb*] [C1]¢= 1.7 x 107"

Déi véi cac chit tan kha, ¢6 nong d6 bao hoa 16n, khéng ap dung tich s6 néng
d¢, ma phai tinh theo tich s6 hoat d6 a (trinh bay trong chuong 9)

PbCl, = Pb** +2C1°

9
Thuor, =8py2 2y,

4.2.4. Hdng s6 can bing ciia cde phan iing oxy hod — khiz

Khong giéng nhu cac phin dng da duge xét, vi tri cAn bing cia phan Gng oxy
hod - khit hiém duge dién ta bing hing s6 cdn bing. Vi phan tng oxv hoa - khi
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lién quan dén su di chuyén electron tir tac nhan khu sang tac nhan oxy hoa nén
xét nhiét dong hoc ctia phan (ing vé mat electron lai thich hgp hon (trinh bay trong
chudng 8).

Nhiét déng hoc la khoa hoc nghién citu sy tuong tac cua nhiét dd véi sy bién
th1én niang luong va quan trong hon ca déi véi linh viuc hoa hoe la nghién citu sy
thay d61 nang luong trong qua trinh phan ting. Nhiét déng hoc hoa hoc phén tich
cAc yéu té xac dinh diém cén bing cta phan tng. Hang s6 can bang K c¢é thé suy
ra tir 1y thuyét nhiét dong hoc. K phu thudc vao ban chit cha chit phan ing, nhiét
dé va ap suit.

O nhidt d6 va ap suit hing dinh, nang lugng ty do Gibb biéu dién theo cong
thuc

AG=AH -T. AS

Trong do:

- T la nhiét d6 Kelvin; AG: 12 bién thién vé nang ludng tu do Gibb

— AH: 1a bién thién enthalpy; AS: 1a bién thién entropy

Bién thién ning lugng AG lién quan dén hang s6 cAn bing K ctia phan ting

hoa hoc

AG = AG® + RTInK

4.3. Ung dung cta hiing s6 can bang K

Hang s6 K cho biét vé chiéu mic d6 hoan toan cua phan dng. Néu K 16n rat
nhiéu hon 1 (K>>1) thi phan tng s& chiém uu thé tao ra C va D; K cang 16n, phan
{ing theo chiéu thuan cang hoan toan.

Néu K nho rat nhiéu so vér 1 (K< 0,1) thi phan ting khéng hoan toan, K gua
nho thi phan tng tao C va D hau nhu khéng xay ra.

Vi K 12 mét hiing 6 do d6 néu thay déi mét thira s6 [A] hoic [B] hodc [C] hodc
[D] thi s& kéo theo sy thay d6i mat hay nhiéu thia s§ khae. Nhu vay, mudn quyét
dinh chiéu ctia phan Ung ta c6 thé thay déi ndng do ciia cac chait.

Khi biét hing s6 cAn bang hoa hoc K, ta ¢6 thé tinh toan:

— Néng d6 can bang ciia cac ion chat dién ly yéu, néu biét nong d6 ban dau cla
chung,

- Néng d6 cin bang cla cua cic chat tham gia phan ting hoac sén phim tao
thanh ctaa ciac phan tng hoa hoc.

— Nong dé can bang cac lon hydro, hydroxyd, dd dién ly ciia chit dién ly trong
cac dung dich nude cta cic acid hodc bazo yéu, cac muéi thuy phén, dung dich
dém...
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~ Nong db can bang cua cac cation, anion va dé tan cia chit dién ly it tan
trong nudc.

5. CAC YEU TO ANH HUGNG DEN CAN BANG HOA HOC

Theo nguyén ly Le Chatelier “Khi tac déng 1én mot hé thi ban than hé sé tu
diéu chinh dé han ché& anh hudng ctia tac déng dé”. €6 rat nhiéu yéu t& anh hudng
dén hing sd can bang clia phan tng.

5.1. Anh huéng ciia nhiét dé

Xét phan dng thuan nghich sau day:
N, + 3H, 5 2NH, (2.12)
Phan ung thuan toa nhiét, phan dng nghich thu nhiét. Do dé, néu ta ting
nhiét db cua hé théng thi cAn bing s& dich chuyén theo huéng lam gidm nhiét do
tic la chuyen vé phia phan Ung nghich, va néu gidm nhiét do ctia hé théng thi
phan iing s& xay ra theo chiéu thuan.

5.2. Anh hudng ctia Ap suit

Su tang hay giam Ap sudt riéng phan chia chat khi ciing tudng tu nhu sy thay
461 néng d6. Xét phan tng 6 thé khi:

H, + Cl, 5 2HCI

S6 phén ti khi 6 hai v& biing nhau do d6 khi thay dé6i vé ap suit s& khong lam
thay déi trang thai cin bang. Nhung déi véi phan ting téng hgp NH, (phuong trinh
2.12) 6 trén thi hén hop s& giam thé tich, do dé khi ting ap sudt thi hé théng can
bang s& dich chuyén theo chiéu thuan.

Vi nong d6 cua cac cic chat khi tuy thude ap suit riéng phan cta ching va
khéng phu thude vao tdng 4p sudt ciia hé théng, do dé khi thém hay bo mét lugng
khi trd s& khéng lam thay déi can bing phan tng ctia chit khi dé.

5.3. Anh huéng ctia dung méi

Hau hét phan Ung c6 su tham gia cta chit phan Ung va san phim & dang
phan tan trong dung méi. Néu lugng dung mdi thay doi thi néng dé ctia tit cd cac
chadt phan dng va san pham sé thay déi.

Thi du: phan tng tao phiic Bac—amoniac trong nudc:

Ag® + 2NH,S Ag(NH,)}
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Hang s6 can bing ciia phan ing nay 1a

------- P PER— (2.13)
[Ag"}INH; ]
Néu mét phan ctia phan itng nay dude pha lodng véi déng thé tich nude, néng
dd clia cac chat trong phudng trinh (2.13) déu giam mot nida. Do dé hé s8 phan {ing
sé la
- _ (0, 5)[Ag(NH3 );]
(0,5)[Ag™1(0,5)[NH, ]’

Hogc ¢6 thé viét 1a

Q- { 05 J[[Ag(NHg);‘}} _axp,
(0,5)" ) Ag'[NH, "

Vi Q 16n hon B, can bang phai dude tai 1ap bing cach dich chuyén sang trai va
lam giam néng d6 cia Ag(NH;)5. Hon nita, vi tri cAn bing mdi sé hudéng vé phia
6 6 chét tan nhiéu nhat. Néu dung dich Ag(NH;)5 dude ¢6 dam dac, bang cach
lam bay hoi thi cAn bing dude tai lap theo hudng nguge lai. Két luan tong quat
niy cé thé ap dung véi bat ky phan ting nao, bat ké 6 pha rin, léng hay khi. Viéc
gia tang thé tich ludén lam phan Ung dién ra wu tién theo huéng c6 sé phan ti
nhidu nhat va su giam thé tich thi thiuc ddy phan ting theo huéng cé it phan tu
nh&t. Néu s6 phén ti1 6 ca hai vé phuong trinh 14 nhu nhau cin bang clia phan {ing
khéng bi &nh hudng béi sy thay d6i thé tich.

5.4. Anh huéng clia ndng dé cac chit tham gia phan dng va san phim
tao thanh

~ Hé théng can bang ctia phan ing bi pha vd tryc tiép

Véi phan tng phin ly cua acid acetic, (phuong trinh 2.11)

O mot nhiét d6 hang dinh, cac dung dich khac nhau cua acid acetic sé c6 cac
g14 tri khac nhau cho nong d6 H, 07, acetat, va acid acetic, nhung ludn c6 cung gia
tri K. Tai thdi diém can biang néu thém vao dung dich natri acetat, nong dd acetat
tang lén, ¢é kha nang lam ting gia tri cua K,. Tuy nhién, vi gia tri K, gid nguyén
khéng déi, do dé ndéng dd ctia ca ba phan tu trong phuong trinh (2.11) phai thay
d6i dé phuc hoi K, vé gia tri nguyén thuy cua né. Trong triiong hgp nay, can biang

duge tai lap bang phan ung mét phan cuia acetat va H,0" dé tao thém acid acetic.
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Nhu vay, hé thong can bing cua phan ung s& bi pha vd khi thay dai nong 46
c¢ha chit tham gia phan ting hay san pham tao thanh.

- Hé théng cang c¢6 thé pha vd mot cach gian tiép
Thi du su phén ly cua AgCl
AgCl 5 Ag” +Cl (2.14)
Anh hudng trén d6 tan cuia AgCl bing cach thém AgNO, thi ré rang, néu thém
vaio mot chit cé thé tao phic bén va tan duge véi Ag™ nhu amoniac thi sé xay ra
phan ling sau:

Ag" + 2NH,5 Ag(NH,)3 (2.15)

Thém amoniac lam giam ndng d6 Ag’™ dudi dang ion phuce Ag(NH,),. Va su
giam néng dé Ag’ lam tang d6 tan cua AgCl va phan ing (2.15) tai lap diém can
bang. T cac phan ting (2.14) va (2.15) sé lam rd tac dong cua amoniac trén dé tan
ctia AgCl va amoniac ciing 12 mét chat tham gia phan ting.

AgCl + 2NH,;5 Ag(NH,;);+ Cl° (2.16)

Thi du: N&u thém HNO, vao thi cAn bing cla phuong trinh (2.16) sé thay déi
nhu thé nao?

Giai:

HNO, 1 acid manh, acid nay s& phan tng véi NH;

HNO, + NH;5 NHj + NO,

Khi thém it HNO, vao sé lam gidm NH,. Viéc giam ndéng dé6 NH, sé lam phan

{ng (2.16) x4y ra theo chiéu tao ra chit phan tng, giam d¢ tan AgCL

6. BAI TAP VE CAN BANG HOA HOC

6.2. X1 1y cac hiing s6 cAn bang

Pé thuan tién cho viéc tinh toan cac hing s can bang ngudi ta cd thé xii 1y cac
héng s6 can bang theo cac cach sau day:
~ T phén tng da cho nédu ta ddo ngude phan tng thi hing sd cin bang cua
phan {ng méi sé la nghich ddo clia phan ing dau. Thi dy, hing 6 cin bang cho
phan ling
__[AB,]
(Al[BF

A+2BS5 AB,; K,
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La nghich dao cia phan ting

2
AB, S A+2B; K, :_1_:[A][B]

K, [AB,]

— Né&u céng hai phan Gng véi nhau dé tao ra phan dng mdi thi hing sd can
bang ctia phan ing mdi la tich s6 clia hiing 6 cAn bing ctia cac phan ting ban dau.

[AIC]

- [ACQ]
AC+CS AC, ; = "L
’ 2 P2 TIAGG

- _ 3 3 [AC] y [ACy] 3 [AC2]
ATREEAC K =K = A T AP

6.2. Bai tap vé tinh ap suat cin bing riéng phan

Hang s& can bing K, d6i véi phan fing sau PCl;(k) S PClyk) + Cly(k)

12 1,05 6 250 d6 C. Néu ap suat riéng phan & trang thai cin bing cua PCL; va
PCl; lan lugt 1a 0, 875 atm va 0,463 atm thi ap suit riéng phan & trang thai cin
bing ctia Cl, & 250 d6 C 1a bao nhiéu?

Giai: trude tién tinh K,

Pocy. Ppc 0,463)(Py;
K = PCLYPCL, 1’05:( )( 012)

Ppey. (0,875)

~ (1,05)(0,875)

= =1,98 at
€l (0,463) 8 A

6.3. Bai tap vé chuyén d8i K. thanh K,
K : hang s6 can bing theo néng do.
Kp:hang s6 can bang theo 4p suit ting phin ctia khi .
(B 2]
Chu y: theo phuong trinh: aA (k) S bB (k) thi K. = — vaK,= =
A [P4)
Theo phan tng N, (k) + 3H,(k) 5 2NH,(k)
Gia tri cua K= 4,3.107" § 375 d6 C. Hay tinh K,..
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Giat Kq= —P,m
(0,0821T)
vi T = 293 Kelvin va An = s8 mol san pham khi — s8 mol chat khi tham gia.
Nén ta c6 TV = 648 Kelvin va An = 2- 4 = -2
,3.107*
K(j = 4. 5 = 1,2
(0,0821.648) "

6.4. Bai tip vé duw doan chiéu cta phan tng

Mét phan Gng da cho & luc bit dau ¢6 0,249 mol khi N,; 3,21.10 % mol khi H,
va 6,42.10™" mol NH, trong mét binh chia 3.5 lit & 375 d6 C. Néu hing s6 can
bang K. d61 véi phan tng N, (k) +3 H, (k) 5 2NH, (k) ¢6 gia tri la 1,2 6 nhiét a6
nay thi:

a) Hay giai thich 14 hé théng nay cé cin bang hay khéng?

b) Néu khong thi phan ting sé& c6 khuynh hudng di chuyén theo chiéu nao?

Cac bude tién hanh

Goi Q¢ (Quotient réactionnel) 1a dai lugng thu duge khi st dung cac néng dé
ban dau trong biéu thiic hing s6 can bing. D€ xac dinh chiu phan tng thi so sanh
Q. va K,.. Cé 3 truong hop xay ra:

- Qc > K Ty 86 gitta cdc néng d6 ban diu ctia sdn pham va chit tham gia qua
16n. Dé dat duge cAn bang, mét lugng nao dé chia san phim phai chuyén thanh
chit tham gia, Phan ting di chuyén theo chiéu trai.

— Q¢ > K.: Phan ing dang 6 thoi diém can biing .

~ Qe < K Ty s8 gita cAc nong d6 ban dau ciia san pham va chit tham gia qua
nho. Dé dat duge cin bing, mét luong nio dé cha chat tham gia phai chuyén
thanh san pham. Phan tng di chuyén theo chidu phai.

Néu trudng hop héng s6 st dung la K; thi tinh Q,.

Gidi
N, (k) + 3Hy(k) = 2NH, (k)
N, = 2249mol g 0701
3,50L
9 -2 ,
[H,], = 3,21x10 “mol _ 9,17.10._3 M
3,501
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—4
[NH,], = 6,42x10 "mol _, ¢ 574 py
3,501,

[NH, ]2 _ (1,83x107" )2

[No ], [He ] (0,0711)(9,17x10‘3)

7 =0,611= Q¢

- Q. < K. Hé khéng can bang va phan @ng di chuyén theo chiéu phai.
6.5. Bai tap vé tinh héng s6 can bang

Mot hé gdbm mét cap déng phan hinh hoc trong mdt dung méi hitu ¢ ma hang
s& can bang K. = 24,0 6 200 d6 C

Cis — stilben = Trans — stilben

Gia du riang lic ddu chi ¢é Cis — stilben ¢6 mat va néng d6 1a 0,850 mol/l. Hay
tinh néng d6 clia 2 déng phan nay & thoi diém cin bing.

Cac budce tién hanh:

Buéde 1: Dién ta ndng dé can bing cta tit ca cac chat theo néng do ban dau va
chi bing mét an s6.

Buée 2: Dién ta hing s6 cin bing theo ndng d6 cdn bang. Gia tri ciia hing s¢
caAn bing biét duce sé diing dé giai phuong trinh theo x.

Bude 3: Sau khi xac dinh gia tri x, tinh nong 46 cAn bang ctia tat ca cac chit

Cis — stilben S Trans — stilben
Néng d6 ban dau (M) 0,850 0
Thay dai vé ndng dé (M) -X +x
Néng d¢ can bing 0,850 —x X

Thay d6i (+) chiing t6 su ting lén va thay d6i (-) ching td su giam néng do.
Tiép dén la viét biéu thitc hing s8 can bang theo néng dé can bing:

B [Trans - stilben]

K(‘. - . .

[Cls - stllben]
240= >

0,850 —x
x=0,816 M

BPap s6: a) [Cis — stilben] = 0,034M; b) [Trans — stilben] = 0,816M
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6.6. Bai tap vé tinh dé tan ciia mot chit trong nudc
Khi mét hop chit khéng tan nhu Pb(I0;), dude cho vao dung dich, mét phan
chat rén sé tan ra. Can bing dat duge khi ndéng d6 Pb*" va 105 da dé théa man db
tan san pham d6i véi Pb(I0.),. O diém cAn bing, dung dich bi bdo hoa béi
Pb(I0,),. Lam thé nao dé xac dinh duge néng d6 cua Pb®" va 103 va dd tan cla
Pb(IQ,), trong dung dich bio hda khi cho Pb(10y), vao nude cat.
Dé tién hanh giai bai todn nay ta viét phan ting cin bing:
Pb(103), 5 Pb*" + 210; (2.17)
Vi hiing s6 cin bang cia né
K,, =[Pb"']{I0,}* =2,5x107" (2.18)
Khi can bang duge thiét lap, hai ion I0; duge tao ra tudng Ung véi mdi ion
Pb?*. N&u chung ta gia dinh néng d6 mol cia Pb®* & diém can bang la x thi néng do

cua 103 la 2x.

Pbl, S pu? T 2103
Néng d6 ban dau Cha't ran 0 0
Thay d6i vé& néng &6 Chat rén +x +2x
Néng do cin bang Chat ran 0+x=x 0+ 2x = 2x

Thé nong ¢6 can bing vao phuong trinh (2.18)
(x}(2x)? =2,5x107"?
4x® =2,6x1071
x=3,97x107"
Do d6 néng do cdn bang clia Pb*™ va 10; la
[Pb**]1=x=4,0x10"" M
[M1=2x=79%x10" M

Vi mét mol Ph(10.), chita mét mol Ph*", @6 tan cua Pb(I0,)., bang néng dd cua
Pb*"; theo d6 d6 tan cia PbI0,), 1a 4,0 x 10” M.
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6.7. Bai tap tinh do tan cia mét chat trong dung dich ¢6 ion cung tén
Truong hgp trén la tinh toan d¢ tan caa Pb(I0,), tryc tiép trong nude cit va
chat rdn la ngudén duy nhit cung cip Pb*" va 103 cho dung dich. D$ tan cua

Pb(I0,), sé bi anh hudng nhu thé niao néu chiung ta thém né vao dung dich
Pb(NO.), 0, 1M?

Thiét lap bang theo ddi néng dd ctia Pb%* va 105 trong hé théng.

PbI, S * 210;
Noéng d6 ban diu Chat ran 0,10 0
Thay déi vé néng d6 Chét rén +x +2x
Noéng d6 can bang Chat ran 0,10 +x 0+ 2x =2x

Thé néng do can bang vao biéu thite dé tan san pham cia phuong trinh (2.18)
(0,10 +x)(2x)? =2,5x 10713 (2.19)
hay 4x® +0,40%% = 2,5x 10713
Chiing ta s& van dung hiéu biét vé hoa hoc dé don gian hoa phuong trinh. Tu
nguyén 1y Le Chatelier, doan rang néng dé Pb** 16n ban diu s& lam gidm dé tan
cua Ph(10;),. Trong trusng hgp nay c6 thé suy doan néng b can bang cua Pb*" s&
rdt gan vdi ndng dé ban diu clia né; theo dé sy ude tinh sau diy vé néng 49 cén
bang cta Pb*" 1a hgp Iy
[Pb%*]=0,10+x = 0,10 M
thé vao phudng trinh (2.19)
(0,10)(2x)* =2,5x10" % = 0,4x% =2, 5%1071%
va giai thu dude x 1a
x=7,91x1077

Trude khi chap nhan nghiém nay, hay kiém tra dé xem su ude lugng cé hop ly
khéng. Trong trudng hgp nay udc luong 0,1 + x = 0,1 dudng nhu hdp 1y vi su khac

nhau giita hai gia tri ¢6 thé bd qua. Do d6 néng dé can bing ciia Pb2* va 105 1a
[Pb**]=0,10+x ~ 0,10 M

[[(]=2x=16x10"°
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D6 tan cia Pb(10y), bang su bé sung ciia Pb?* trong dung dich hay 7,9 x1077 mol/l.
Duing nhu suy doan, d6 tan cta Ph(I0,), bi giam trong dung dich c¢6 chiia mot
trong nhiing ion cua né. Diéu nay dude goi la hiédu ing ion chung.

7. KET LUAN

Chuong nay da trinh bay cic loai phan ting, khai niém vé su can bang hoa hoc,
hang s0 can biing, hoat d6, néng d6 dé md réng hiéu biét vé cAn bing hoa hoc. T
chudng nay hoc vién s& ¢6 thé hiéu mdot céch tdng quat cAn bang hoa hoc cua cac

phudng phap st dung trong hoa hoc phan tich dé van dung trong tinh toan.

TU KHOA
Phan ing hod hoc Noéng d6
Can bang hoa hoc Hé s6 hoat dé
Héang s6 can bing Héng s8 phan ly
Hoat d6 Hing s6 bén

CAU HO! LUQNG GIA

1. Néu dinh nghia phan Gng hoa hoc va trinh bay cac loai phan 1ing hoa hoc?

2. Thé nao la can bing hoa hoc? Can bing vat 1§? Néu thi du cu thé va
giai thich.

3. Tai sao ngudi ta cho rang can bang hoa hoc 12 cin bang déng?

4. Nong d6 la gi? Hoat d6 la gi? Trong trudng hop nao 2 dai lugng nay
giéng nhau?

5. Néu y nghia cua hé sé hoat dé.
6. Trinh bay cic céng thiic tinh hing s6 cAn bang theo hoat d6, theo néng do.

7. Néu cac yéu t& anh hudng dén hé thong can bang hoa hoc.

CAU HOI TRAC NGHIEM

1. Phan tng thuan nghich:
a. ¢6 thé xay ra ¢ thé khi hoac léng d. chi a va ¢ dung

b. c6 thé xay ra & thé rin hoic ldng e. ca ba ciu déu dung

¢. 6 nhiét d§, ap suidt nhat dinh thi thanh phan hén hop & trang thai ciAn bang 1a
khéng doi
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2. Cach thong thudng bidu dién ning ludng tu do clia phan iing bing ham s6
a. nang lugng tu do Gibb _ c. bién thién entropy

b. bién thién enthalpy d. T student

3. Cac yéu t6 anh hudng dén hing s can bing cha phan ung la:

a. nong do cac chat tham gia phan tng.

b. nhiét d9, ap suat.

¢. dung moi.

d. ndéng d6 ctia san pham tao thanh.

e. tit cd déu dung

4, DE xit Iy cac hing 8 cdn bang ta ¢é thé lam theo cac cach:

a. ddo ngude phan Ung thi hing s cin bing ctia phan Ung mdi sé 12 nghich
dao cha phan dng dau.

b. ¢ong hai phan (ing véi nhau dé tao ra phan Gng mdi thi hing s6 cin biang
ctia phan ting méi la tich s6 ctia hing s8 cin bidng ctia ciac phan ung ban diu.

¢. Nhan hai phan @ng véi nhau thi hing s6 cin bing méi sé la tdng cla cac
hing s6 can bing ban diu.

d.avab

5. Can bang hoa hoc 1a trang thai.......... ma trong d6 chat tham gia phan ting
va sdn pham chuyén déi lién tuc cho nhau. Téc d6 mat di va xust hién cua ching
bang nhau.

a. déng c. tinh e. long
b. diing yén d. khi
BAI TAP

Néu hang s6 can bang K. déi véi phan tmg 2NOk) + Cl,(k) 5 2NOCI(k) ¢6 gia
tri 12 6,5 x 10 * & 35°C. Gia sl ngudi ta trén 2,0 x 107 mol clia NO; 8,3 x 1072 mol
ctia Cl, va 6,8 mol NOCI trong mét binh cdu 2 lit thi phan dng dat dén can bang di
chuyén theo chiéu nao?
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Chuong 3
SU DUNG THONG KE
TRONG PHAN TiCH SO LIE

U

L |

NOI DUNG
1. MO PAU

Khi tién hanh phép phan tich véi mét miu bat ky, qua d6 bao gid ching ta
cling c6 dudc cac két qua (s§ lidu) ti thuc nghiém. Cau héi duge dat ra 1a: s6 liéu
thu duge c6 gan véi gia tri thuc c6 cia miu khong? Qua trinh phan tich c6 méc
phai sai s6 khong? Gia tri thyc ndm ¢ khoang nao cta cac s6 liéu thuc nghiém?
V.V...

Sai s8 trong phan tich 1a khong thé tranh khéi, tuy nhién trong qua trinh
phén tich cin khéng ché sai s6 & mic thidp nhat c6 thé, ¢6 nghia 1a két qua thu
dugc khi tién hanh mét phép phén tich luén luén méc phai sai s6. Gi4 tri thuc cta
mau do la dai lugng khong thé xac dinh, nhung néu xac dinh dugc cac sai s trong
qua trinh phan tich thi c6 thé uéc lugng gia tri thuc ndm trong khoang nao ctia gia
tri thuc nghiém. Vi vay viéc xti li két qua sau qua trinh phan tich 13 luén luén cin
thuc hién, qua d6 danh gia két qua thu duge ding va chinh xac dén mic dé nao.
Théng thudng cdn tién hanh phan tich nhiéu l4n va &p dung toén théng ké dé
danh gia d6 tin cay cta s6 liéu véi mic d xac suit dude &n dinh trude.
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2. MOT SO DAI LUGNG PAC TRUNG TRONG THONG KE

2.1. Gia tri trung binh (X,,)

ixi
X,y =1=1— (3.1)
n
Trong dé: n: 14 téng s6 1an do; i: gia trido duge thiti(i=1,2, 3, ... | n)
Thidu 1: ham lugng cua dung dich KMnO, dugc xac dinh sau 7 lan chuan do:
3,080; 3,094; 3,107; 3,056, 3,112; 3,174; 3,198 (g/D)

21,821

X, = =3,117 (g/l)

2.2. Phuong sai S* (VARIANCE)

Méi 14n do ching ta s& dude 1 gia tri x, vA gia tri nay c6 thé nhé hen hay ldn
hon so véi gid tri trung binh X,,. Hiéu ctia hai gia tri nay c6 thé 1a mdt s6 Am hay
duong va khi tong cac hiéu lai ¢é thé bang s8 khéng. Néu gia tri tuyét déi cua hiéu
cang 16n thi s8 binh phuong s& cang 16n va cang cho thady léch cang nhidu. Do vay
dai lugng phuong sai dudge dé cap

Y(x, - X, )
ARG th

2.3. D$ léch chuén (sd: standard deviation)

D4 léch chudn la dai lugng cho biét mitc dd dao déng giita cac gia tri x, so vdi
gia tri trung binh X,,. Day la dai lugng dac trung cho d§ phan tan cua s6 litu (x)
va thé hién muc dé cla sai s6 ngiu nhién.

Céng thiic tinh:

i(xi _'Xt.b)2 X2_ G
SD={\=—  hoac .‘SD:JZ ] (ZX') /n (3.3)

n-1 n-1

SD: do léch chuan; n: s6 lan thuc nghiém; (n — 1) dude go1 14 bac tu do.
2.4. Do léch chuan tuong déi (RSD: relative standard deviation)

D6 léch chuan tuong 461 la ti s6 gita d6 léch chuan so voi gia tri trung binh.
RSD thé hién gia tri léch rd hon SD vi duge so sanh véi g1a tri trung binh X,
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Cong thic tinh:
RSD = SD (3.4)
th
RSD c6 thé duge tinh bang ti 18 phan tram RSD% hay con goi la hé sé bién
thién CV (Coefficient of Variation):
ev =52 1000 (3.5)
Xth
Nhu vay, ta ¢é thé tinh CV dua trén d6 léch chuan va nguge lai,

Thidu:theothidul, n=7, X, =3,117

(3,080-3,117)* =(-0,037)* =0,00137

(3,198 -3,117)" = (+0,081)" = 0,00656

0,00137 + (,00053 + 0,00010 + 0,00372 + 0,00003 + 0,00325 + 0,00656 = 0,01556

D = J@ =0,051 RSD _ 0,051 =0,016
7.1 3,117

RSD% = OV = 2951
3117

E

x100% =1,6%

2.5 Gidi han tin cay va khoang tin ciy

S6 1an do n cang l6n thi gia tri X, cang gin véi gia tri thue M, nhung trong
thyc t& ta chi thuc hién n 1an do va trong théng ké thi x4c sust bit giap thudng an
dinh trude la 95%, nén gia tri X, s8 ndm trong giéi han c6 thé chap nhan duge goi
la gi6i han tin cay.

- Giéi han tin cdy e (Confidence Limit). Hay néi cach khac e 1a giéi han hai

bén cia X,) ¢6 chia gia tri M & muc tin cay 95%.

e dugc tinh theo cong thiic: e = :1:35-]2 (3.6)

Jn

Trong dé t duge tra tir bang Student (3.1). Gia tri t phu thudc vao s6 bac tu do
k =n -1 va vao muc xac suit duge an dinh P. $§ lan thuc nghiém cang nhé, xac

sudt P cang lén thi gia tri t cang cao.
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Bang 3.1. Bang gia tri cla chuin Student t

55 0 do 90% 95% 98% 99%
T 0,10 0,05 0,02 0,01

1 6,31 _ 12,71 31,82 63,66

2 2,92 430 6,96 9,92

3 2,35 3,18 4,54 5,84

4 2.13 2,78 375 4,60

5 2,02 2,57 3,36 4,03

6 1,94 245 3,14 3,71

7 1,89 2,36 3,00 3,50

8 1,86 2,31 2,90 3,36

9 1,83 2,26 2.82 3.25

10 1,81 2,23 2,76 3,17

5 12 1,78 2,18 2,68 3,05
14 1,76 2,14 2,62 2,98

16 1,75 2,12 2,58 2,92

18 1,73 2,10 2,55 2,88

20 1,72 2,09 2,53 2,85

30 1,70 2,04 2,46 2,75

50 1,68 ' 2,01 2,40 2,68

* 164 1,96 2,33 2,58

Nhu vay gia tri X, con cach gia tri thiuc M mét gidi han + e hay con goi la

khoang tin cdy (Confidence Intervals):

tSD
M=Xmi7§
tSD tSD
X, — 22 (M (X, + o
ih \/H< ( th ‘JH

Thi du: véi thi du 1, gia tri e duge tinh:

e=1%

vn J7

txSD N 2,45x0,05

=0,047; e =+ 0,047

(3.7

Ung véi P = 0,95 va n = 7 thi t, = 2,45 nén ham ludng KMnO, nim trong
khoang 3,117 + 0,047 (g/1) titc gia tri thie M nam trong gidi han 3,070 + 3,164 (g/1).
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3. SAI SO TRONG PHAN TiCH

Véi mot mau c6 gia tri thue 13 M, vi cic nguyén nhan khac nhau ta khéng thé
xac dinh dung gia tri M d6 ma chi x4dc dinh dudc gia tri trung binh gitia cac lan do
lap lai. Thuat ngi sai sé duge dung dé dién td mue do sai léch cha phép do, né thé
hién do léch gilia cac gia tri thuc nghiém x, v61 nhau, véi gia tri trung binh va véi
gia tri thue cia mAu. Trong phan tich ta chi c6 gang thuc hién sao cho sai s6 1a
nho nhit, cac gia tri thu dude tir thuc nghiém nam trong khodng chép nhan chi
khéng thé loai triz dude hoan toan sai sé.

Khi trinh bay vé& két qua bing s8 lidu, cac tai lidu c6 thé dé cap dén 2 loai la
sal sé tuyét déi va sai s6 tuong dél.

8.1. Sai s6 tuyét ddie

V61 M 1a gia tri thuc cia mau thi cin xac dinh, x; 14 gia tri do duge ti thuc
nghiém:

Gia tri X,, thudng khac vdi gia tri thyc M cha mau do. Khi n > w
thiX,, > M.

Sai s6 tuyét d61 1 hiéu gifia gia tri trung binh X, va gia tr1 thue M. Thong

thuong khong thé xac dinh duge gia tri thuc ma chi chdp nhén gia tri dang tin cay
nhat trong day s6 liéu d6 1a X, hay mdt cach gan dung Ia hiéu cia gia tri do duge

vaX,, .
M: gia tri thuc cia mau do £: sai s0 tuyét doi
Cong thic tinh sai s8 tuyét déi:€ = X, —-Mhay e =x, - X, (3.8)

Sai s6 tuyét déi c6 thé 14 s6 Am ciing c6 thé 1a s§ ducng.
3.2. Sai s6 tuong do6i S

Sai 58 tudng dér S 1a ti s8 giiia sai s6 tuyét dé1 € va gia tri thuc M hoic gia tri
trung binh X,, . Théng thudng sai s6 tucng déi duge biéu thi duéi dang phan tram.

Céng thic tinh: S = §100% hoicS = ——100% (3.9)
th

Thi du: ham lugng thuce cua Paracetamol trong vién nén la 500,2 mg; Codein
la 30 mg. Sau khi tién hanh xac dinh theo phuong phap sic ky 1éng hiéu nang cao
cho th&y ham ludng Paracetamol la 500,9 mg va Codein 1a 30,7 mg.

e Sais6 tuyét d6i khi xdc dinh hai hoat chat trén 1a nhu nhau: + 0,7 mg.
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Sai s6 tuong do1 thi khac nhau:

+0.7 +0,7

Vi Paracetamol: S = 5 100% = 0,14%, v6i Codeln S = T 100% = 2,28%

Nhu vay sai sé twong doi thé hién ré hon dé ding cia phuong phap, véi thi du
trén cho thdy phuong phap nay xac dinh ham lugng Paracetamol ding hon ham
lugng cua Codein phosphat.,

Khi trinh bay vé nguyén nhéan dan dén cac két qua thu dude trong qua trinh
thic nghiém bi léch nhau. Cac tai liéu thusng dé cAp dén 3 loai sai sé: sai s6 ngiu
nhién, sal s6 hé thdng, sai sd thé.

3.3. Sai s6 ngau nhién (random error)

Sai s6 ngdu nhién hay con goi la sai s6 khéng xdc dinh 1 sai s giy nén
bdl nhitng nguyén nhan khéng xac dinh dugde, khong biét trude, khong cd dinh,
thay d8i khéng theo quy luat nén khéng thé hiéu chinh hay loai trit ma chi c6 thé
han ché bing cach ting s6 1an phan tich va thao tic mét cach cdn than, déng thai
danh gia cac s6 lidu thie nghiém bang toan hoc théng ké.

3.4. Sai s6 hé théong (systematic error)

Sai s6"hé thong hay con goi la sai s6 xde dinh 12 sai s8 biét ré nguyén nhin va
c6 thé hiéu chinh duge. Sai s§ nay thudng do cic nguyén nhan sau:

- Sai 6 do mau do: gy ra khi miu phan tich khéng dai dién. Viée 1dy mau
1a tap hop cac thao tac nhiam 14y mdt luong mau dai dién dd dé tién hanh phén
tich, déng thoi viée l1dy mau can tuan theo cac thu tuc quy dinh.

- Sai 86 do dung cu: du it hay nhiéu thi tat ca cac dung cu do luong luén cé
sai s& hé théng. Sai s6 nay 1a do qua trinh ché tao va chuin hoa dung cu v.v...

Thi du: - Cac dung cu do luong théng thuong nhu pipet chinh xac, buret, binh
dinh mitc 1a cac dung cu ding dé 14y thé tich chinh xac nhung do trong qua trinh
ché tao hoac stt dung khong ding quy dinh c6 thé gay ra mot sai s8: thé tich cta
mét buret 25 ml ¢6 sai 56 1a £0,03 ml ¢6 nghia 1a thé tich that su cfia buret la nim
trong khoang [24,97 — 25,03] ml; binh dinh miic co6 thé tich la 100ml nhung néu
thuc té chi c6 99,90 ml thi sai s6 la 99,90 — 100,00 = - 0,10 ml.

Sai s6" dung cu thuong dé phdt hién va hiéu chinh duoc bing cdch dinh ky
chudn hod cdc dung cu trong phong thi nghiém.

- Sai 86 do phuong phap do: phudng phap do ludng cling giy ra sai sé hé
thong. Vi vay, khi 4p dung mét phuong phap méi dé phan tich luén ludn phai xay
dung va tham dinh quy trinh dé ching minh mét cach khoa hoc ring sai sé cua
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phudng phap la rat thap va cd thé chdp nhan duge. Sai s8 do phuong phap thuong
kho phat hién va la nguyén nhan chinh giy ra sai s6 hé théng. Théng thudng dé
phat hién sai s6 phuong phap ¢6 thé tién hanh theo cie cach sau:

- Thite hién song song mau triang dé loai cde ddp wng gly ra do cdc chit khong
can phéan tich.

- Phan tich mdu chuan dé kiém tra d¢ ding ctia phiong phdp.

- Phén tich cung moét mdau nhung bing phuong phdp du kién vé thuc hién song
song vdi it nhdt mot phuong phdp khde va so sanh hai két qua.

- Sai s6 do ngudi lam edéng tac phan tich: ngudi lam cong tac phan tich doi
hoi phai ¢6 k¥ nang nghé nghiép va kinh nghiém phan tich. Sai s8 do tiing ca nhan
12 diéu khdng tranh khoi, méi ca nhin ¢6 mét kha nang riéng vé quan sat su thay
dé1 mau cta dung dich; quan sat diém tuong duong trong chuan dé; doe vi tri muce
nudc giiia hai vach; doc tin hiéu do dude tit may méce; hoac do cau tha; do dinh
kién... déu dan dén sai s6.

Sai $6'do cd nhéan c6 thé khdc phuc duoc khi thao tde ding theo quy dinh va
nhiéu kiém nghiém vién thuc hién trén ciing moét mau thi.

XAC DINH SAI SO HE THONG

Bing cach xac dinh mau chuan da biét ham lugng, gia tri M coi nhu biét truée,

X,,, thu dude tit thuc nghiém. Pé so sanh sy khic biét gita gia tri M va X, {trong
trudng hop tham dinh phucng phap méi) thudng st dung théng ké tinh gia tri t,
rol s0 sanh véi t,, theo bang (3.1) ¢in clt vao bac tit do (n - 1) va xac xudt P (95%).

Néut, < t), két luan khong tim thay sai s6 hé thong

in
Néu €, > b két luan phiong phap c6 sai sé hé théng
]th - Mi
== _tn 3.10
tn SD ( )
Thi dy: gia st mau tha KMnO, trong thi du 1 ¢6 ham luong that M 1a 3,110
mg. Hay xét xem phuong phap co6 sai s6 hé thong khong?

|3.117-3,110]
S 17 =0,3786
" 0,051

t,, = 0,3786 < t, = 2,45 nén két ludn phuong phap khéng cé sai s6 hé théng
(P = 95%).
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Thi du: truée khi phan tich dé xac dinh ham lugng cua Na,CO, cé trong mau
thi, mot sinh vién c¢6 ¥ tudng kiém tra lai quy trinh phan tich xem c6 sai s6 hé
thong hay khéng bang cach phan tich mét mau da biét ham lugng M = 98 76%.
Cac két qua thu duge sau 5 lan thuc hién:

98,71(%) 98,59(%) 98,62(%) 98,44(%) 98 58(%)

98,59 -98,76| ~
m:| ,59 - 98, |Jg:
0,0973

X, = 98,59 SD = 0,0973 t 3,91 t, = 2,78

Nhu vay t, = 2,78 < t, = 391, két ludn phuong phap ¢ sai ¢6 hé théng
(P=95%).

3.5. Sai s6 tho (gross error)

Ngoai ra con c6 sai s8 thd 1a sai s6 khi két qua giita cac 1an do lap lai khac hin
s0 vOl cac gia tri trung binh hay gia tri thyc cita mau. Sai s6 thé do nhiéu nguvén
nhin khac nhau: do doc két qua do sai, 14y nhdm qua can, v.v... Dé phat hién va
loai tri sai s6 thé can phai tién hanh phan tich nhiéu 14n trén mét mau do (n > 6)
va loai di nhitng gia tri bt thudng theo nhiing quy tac nhat dinh.

Loai trif sai s6 thé

Thuyc t€ sau khi tién hanh phan tich thudng thu duge mét day cac s6 lidu, doi
khi ¢6 mét vai s6 héu cé gia tri khac han: hodc cao qua hoac thdp qua, nhing s6
ligu nay dugc goi ]a sai s6 thé hay s6 lidu xau. C6 hai cach dé gitip chung ta kiém
tra xem nén giit lai hay loai b6 ching: dung chudn Dixon va diung bang kiém
dinh T.

3.5.1. Phuong phdp ding chudn Dixon (chudn )

St dung khi n < 10, gébm cac bude nhu sau:
- Bude 1: sép x€p céc s6 liéu theo thit tu tang dan hoae gidm dan: x,, x,, X,,...,
X, trong dé x, la s& liéu nghi ngd 16n nhat (max) hay nhé nhat (min), x, 13 s¢ liéu

lan eAn cua s6 liéu nghi nga.

' N -X,
- Bude 2: dung test Q dé tinh gia tri Q,; Q,, = L_-‘__ (3.11)

rax  Xmin

- Bude 3: so sanh gia tri Q,, v6i Q: Q> Q,, thi x, dudc giii lai
Q]l < Qin t‘hl X] bl 108.] bé
Q duge tra tii bang (3.2) v6i s6 14n do n va xac suit bat gap P théng thuong la
95%.
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Bang 3.2. Bang kiém dinh Q chuan DIXON

p
n -
0,1 (90%) 0,05 (95%) 0,01 {99%)

3 0,841 0,970 0,994 |
4 0,765 0,829 0,926

5 0,642 0,710 0,821

6 0,560 0,625 0,740

7 0,507 0,568 0,680

8 0,468 0.526 0,634

9 0,437 0,49E;I - 0,598
10 0412 0,468 0,568

Thi du: ta c6 day s0 lidu sau 17,61 16,86 16,93 16,84 16,95 16,91

Budc 1: sdp xé&p theo thi tu 16,84 16,86 16,91 16,93 16,95 17,61; ta thiy s6
lifu nhd nhat 14 16,84 (lan can 14 16,86) va s6 lidu 16n nhat 14 17,61 (Jan can la
16,95) thudng 1a hai s6 liéu dang nghi nga.

Bude 2: tinh gid tri Q,, Q,, = eSL71695 406, o 16841686 _ 445
17,61-16,84 17,61-16,84

Bude 3: tra bang (3.2) véin=6; P = 0,95
Q, (=0,625) < Q,, (= 0,86) nén gia tri 17,61 bi loai bo
Q, (= 0,625) > Q,, (= 0,03) nén gia tri 16,84 dudc giii lai
3.5.2. Phuong phdp diang bang kiém dinh T
Sti dung vdi n bat ky. Sai s8 thé thudng roi vao céc gia tri cue dai hay cuc tidu
cua day s6 lidu, ta tinh T, theo cong thic sau:

- (Xmax - th)
" =D
(X, -X

in)
T - L min 313
[n SD ( )

Can ci vao s6 1an do n va vao xac sudt an dinh trude P, tra T, theo bang (3.3).

T, (3.12)

T, < T,, thi s6 liéu nghi ngd la sai sd thé bi loai bo

T, > T,, thi s6 liéu nghi ngd 14 sai s6 thé duge gid lai
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Bang 3.3. Gia tri t cla bang kiém dinh T véi P = 95%

!” | n Ta ] n Tu

3 1412 11 2,343
4 1,689 12 2,387
5 1,869 13 2,426
6 1,996 14 2,462
7 2,093 15 2,493
8 2172 16 2,523
9 2,237 17 2,551
10 2,204 18 2,623

Thi du: véi day s6 liéu 16,84 16,86 16,91 16,93 16,95 17,61
Véin=6; X,,=17,02; SD =0,292; P= 0,95 ta ¢6 T, = 1.996
_(17,61-17,02) _

Vi gid tri 17,61: T, = 2,02
0,292
o 7,02-16,
Véi gia trj 16,84: T = 110271684 o)

0,292
T, (= 1,996) < T,, (= 2,02) nén gia tri 17,61 bi loai bé.
T, (= 1,996) > T,, (= 0,61) nén gi4 tri 16,84 duoe giit lai.

4. TOM TAT CAC BUGC TIEN HANH KHI XU LY SO LIEU

Bude I: sap x&p day s6 liéu thu duge theo thii tu tang hodc giam dan.
Bige 2: loal cac gia tri khong phu hdp, loai sai s6 tho.
Buge 3: tinh gia tri X,,; d6 léch chuan 8D, RSD%, xét sai s6 hé théng.
Butde 4: xac dinh gi6i han tin cay e va khoang tin cay.
Budc 5: bao cao két qua.
Thi du: theo s6 liéu cua thi du 1, cae bude tién hanh nhu sau:

Budc 1: 3,056; 3,080; 3,094; 3,107; 3,112; 3,174: 3,198 (g/]).

Budc 2: loai sai s6 tho theo chuiin Q hoac T: khéng loai bé g1a tri nao.

Budc 3: X, = 3,117; SD = 0,05; RSD = 1,63%

= P(;lér_)—l-\ﬂxfg= 0,3786 < t, = 2,45: khong ¢6 sai s6 hé théng.

Bude 4:ing v61 P = 95% van=7 — t, = 2,45 tinh e = =~ 0,047.
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Budce 5: ham lugng KMnQ, trong khoang 3,117 + 0,047 (g/) v6i d6 tin cay
P =95%.

5. S0 SANH CAC DAY SO LIEU

Két qua thu duge ti do luong thuc nghiém thuong méac phai céc sai sd hoac
ngau nhién hodc hé théng. Gia tri trung binh X thudng chi sat gan véi gia tri thuc
M, gia tri nay lai ndm trong khoang tin ciy nao dé vél xac sudt bit gidp mong
muédn.

Viée so sanh gidia cac day s8 liéu dude thuc hién nhé cac biang chuin dé xem
cac diay s6 lidu nay 1A dong nhit hay khéac nhau ¢é ¥ nghia giip cho viée so sanh
gilia cac phuong phap, gilia cac ngudsi phan tich va gitia cac 16 san xuat.

Cac van dé thuong gap trong thuc nghiém la :

- C6 hai gia tri trung binh X, va X, thu duge tu 2 day do ddc lap nhau, mot
day c¢6 n, két qua, ddy kia ¢6 ny két qua. Hai gia tri trung binh sai khac khong
nhiéu. Phai két luan sai khac nay ¢6 dang ké khong?

- C6 mdt gia tri phan tich X cua san phidm dd dude biét trude qua nhiéu lan
lam thuc nghiém. Nguoi thue hién phan tich lap lai phudng phap va can so sanh
két qua do duge X, véi gia tri di biét trude X xem khac nhau ¢é y nghia hay khéng?

- Co mot 16 thude duge thue hién dinh lugng vo1 2 phuong phap khae nhau va
cho 2 day két qua khac nhau. Cac nha phan tich cAn phai so sanh két qua do dude
trén cing mau bing 2 phuong phap khac nhau xem ¢é khac nhau hay khang?

- Trong trucng hgp so sanh hai day két qua:

Siz dung thi nghiém F (F-test) dé kiém tra d6 chinh xac hay do lap lai cia hai
day két qua xem c6 déng nhat hay khéong.

Stz dung thir nghiém t ( t-test) dé so sanh hai gia tri trung binh xem su khac
nhau gida hai gia tri nay cé y nghia hay khéng.

5.1. So sanh hai phuong sai

Sti dung chuan F dé so sanh d6 chinh xic (d6 lap lai) etia hai day thi nghiém A
va B vdi ny, ny; 1a 86 1an thue hién cia A va B. Phudng sai tuong tng S5 va Sj,.

Quy ude 8% =S5

| D = (3.14)
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So sanh F, vé1 F duge tra tit bang (3.4). F, phu thudc vao bac tu do cita hai thi
nghiém A, B va phu thude vao miic xac sudt cho trude théng thudng la P = 95%.

Bang 3.4. Gia tri F cla chuan F (P = 95%)

vy i) 1 2 3 4 5 6 7 g 9 10 15 20 oo
1 | 6478 7995 B642 8996 9218 93701 0482 9567 9633 9686 9845 9931 1078
2 3851 3908 397 3925 3930 3933 3936 3937 3935 2940 3943 3045  29.498
3 1744 1604 1544 1500 1488 1473 14462 1454 1447 1442 1425 1447 13902
4 1222 1065 9979 9405 9364 9197 9074 8980 8905 8844 8657 8560 8257
5 100t 8434 7784 7388 7146 6978 6852 6757 6681 6619 6428 6329  6.015
4 8813 7260 6599 6227 5988 5820 5695 5600 5523 5461 5269 5.168 4849
7 8.073 6542 5890 5523 5285 519 4995 4899 4823 4761 4568 4467 4142
8 1571 6059 5416 5053 4817 4652 4529 4433 4357 4295 4101 1500 3570
5 7208 S5 S.098 4718 4484 A9 4197 4102 4026 3964 2769 1667 3333
10 6.937 545 4826 4468 4236 4072 3950 3855 3779 1717 3522 1419 1080
1 6.724 5256 4630 4275 4044 3881 3759 366 3588 1525 3230 1226 2882
12 6.544  5.006 4474 4121 3891 3728 3607 3512 343 3374 1T 07T 27
13 6414 4965 4347 39% 3767 3604 3483 3388 3312 3250 3053 2948  2.5%
14 6,298 4857 4242 31892 3663 3501 3380 3285 3209 1147 2949 2844 2487
15 6,200 4765 4153 3804 3576 3415 3293 1199 3123 3060 2862 275 2395
15 6.115 4687 4077 2729 3502 1341 3219 3125 3049 298 2788 2681 231
17 6.042 4619 4011 3665 3438 3277 %156 3061 2985 2922 271 2616 2247
18 5978 4560 3954 3608 3382 1221 3100 3.005 2929 2866 2667 2559  2.187
19 5922 4508 2903 2559 3333 172 3051 295 2880 2817 2617 1509 2131
20 5871 4461 3859 3515 3289 3128 3007 2913 283 2774 1573 2464 2085
o0 5024 2689 3116 2786 2567 2408 2288 2192 2114 2048 1833 1.M8  1.000

Bac tu do cia A: n, —1; bac tu do cia Binj, - 1
Néu F), > F,,: khéng cé su khac biét vé& d6 lap lai ciia A va B.
Néu F, < F,: d6 lip lai clia hai thi nghiém A va B khac nhau.
Thi du: két qua 7 lan phén tich ham lugng aspirin bang phuong phap A c6
S,* = 0,00259. Theo 6 1an phan tich bing phuong phap B 1a 8,7 = 0,00138. Hay xét
xem d6 chinh x&c cua hai phuong phap ¢6 giéng nhau khéng?
_0,00259

tn - 8
0,00138

1,8

7

Do F, = 6,978 > F,, = 1,88: 46 chinh x4c cia hai phuong phip & nhu nhau
(P = 95%).

5.2. So sanh hai s6 trung binh

Trong phan sai s6 hé théng chung ta da biét két qua phén tich bj Anh hudng
chinh bdi ba nguyén nhan chinh: do miu, do phuong phap, do kiém nghiém vién.
Thuc hién nhiing ciip thi nghiém song song dé tim ra nguyén nhan gy sal 58
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trong d6 chi mét yéu t6 thay déi. Thi du nhu ciing thuc hién song song hai phudng
phap khac nhau trén cing mét mau thit, cing méot kiém nghiém vién rdi so sanh
c6 hay khong c6 su khéac biét gitia hai gia tri trung binh cua hai phudng phap nay.
Tudng tu nhu vay so sanh hai gia tri trung binh ciia hai kiém nghiém vién hoic
cua hai mau do...

Stt dung phép thi t (t — test) dé thuc hién céng vide nay nhu sau:

Két qua phan tich bang phuong phap A c¢é: X,,,:SD,;S%; n, (s§ lan thuc
hién cua A).

Két qua phan tich bing phuong phap B ¢é: X,,5: SDy; Si: ny (s6 1an thue
hién cua B).

Bisge 1: so sanh hai phuong sai S'f\ va S}‘; {phép thu F; F — test)

Bude 2: ¢ hai truong hop

Truong hop 1 phudng sai Si va Sé khéng khac nhau, t,, dugdc tinh:
‘XmA ~ X

- (3.15)
1 E“’[:hung \/(1/11_.-\)-*—(1'{1'1[5)

S _ \/(HA - 1)Sf\ + (n” - 1)8}2;
chung =

t

(3.16)
n, +ng—2
t,, duge tra t bang (3.1} v61 do tu do (ny +np—2), P=95%.
Truong hop 2: phuong sai Sf\ va Sf; khac nhau, t,  duge tinh:
Xia —X
t ‘ tbﬁ.l. b8 (31 T)

tn III 9 9
\j(SA fn;\)Jf(SB fn,;)

t,, duge tra tit bang (3.1) v61 P = 95% va d6 tu do v dude tinh theo céng
thiic sau:

. [(S“’\ Ini\)+(8‘é f'nn)T Ly (3.18)

[(Si Imy) /(ng +1)}+[(ng Iy ) /(ng + 1)}

D¢ tu do ludn 1a 86 nguyén nén gia tri v tinh dude L eong thice (3.18) cé gia

tri gin s6 nguyén k& caAn nhat. Thi du: v= 54 thi dé tu do [a 5; v=5.9 d6 tu do
la 6.

Buge 3: két luan cé hay khéng ¢6 su khae nhau cia hai phusng phap do.
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Cho du t,. duge tinh theo cong thic (3.15) hay (3.17):

In

Néu t, <ty k&t luan hai phuong phap cho két qua khéng khac nhau.

Néu t. >ty két luan hai phuong phap cho két qua khac nhau.
Thi du: ham lugng cia dung dich KMnQ, duge xac dinh bang hai phudng phap
A va B, két qua:
A: 3,080; 3,094; 3,107; 3,056; 3,112: 3,174; 3,198 (g/1)
B: 3,052; 3,141; 3,083; 3,083; 3,048 (g/)
S0 sanh hai phuong sai Sf\ va Sé (chuan F) khéng khac nhau.
Tinh S theo cong thie (3.16):

chang

7~ 259) + (5 - :
S :\/(; 1)(0,00259) + (5 - 1)(0,00138) _ ¢ 1\

(7T+5-2)

3,117 - 3,081
0,0459(1/7)+(1/5)

s L

L

t, duge tra t bang 3.1), ddtidon=(7+5-2)=10; t, = 1,34 < t, = 2,23
nén két luan hai phuong phap A va B cho két qua khéng khic nhau (P = 95%).

Thi du: ham ludng cta Na,CO, (%kl/kl) dudgc hai kiém nghiém vién C va D
chuédn d6 bang phuong phap acid-base cho 1an lugt két qua nhu sau:

C D
86,82 81,01
87.04 86,15
86,93 81,73
 g701 83,19
86,20 80,27
: 87,00 83,94
Xy = 86.83% Xuo = 82.71%
S, = 0,32 i_ S,=2.16

: . .5, (2182 .

So sanh hai phudng saicuaCvaD: F, = —'3 = g =456
Se (0,32)

Do F,,= 45,6 > F, = 7,15 nén hai phuong sai C va D khac nhau,

86,83 - 82,71

\f[(o, 32 /6]+[(2,16) /6]

t,, duge tinh theo cong thic (3.17): t, =

n

— 4,62
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Détudov:

T
[(0,32)2 16 +(2,16) ;’6}
v = L - ~2-53%~5
[(0,322 7 6) /(6 +1)] +[(2,162 /6)> / (6 + 1)

Do t, = 4,62 > t, = 2,57, nén két luan két qua phan tich cia C va D khac
nhau (P= 95%).

6. CHU SO CcO NGHIA

S6 liéu thu dude tir thue nghiém cé thé 1a s6 do truc tiép khi doc trén thang do
cua cac dung cu do ludng hoice s6 do gian tiép 1a sé do tinh duge ti mét hodc vai sé
do truc tiép théng qua cdng thiic toan I:LQC.

Cac s6 lidu nay phai duge thé hién sao cho ngudi doc hiéu duge mite 6 chinh
x4c ctia chung, vi vay khi ghi két qua phai tuin theo quy tic vé chit s6 c6 nghia.

6.1. Chit s6 ¢6 nghia (CSCN) trong sé do truce ti€p

Mot 56 do truc tiép co thé c6 nhiéu CSCN tin cay (chit s8 chic chin) nhung duy
nhat chi ¢6 mot CSCN khéng tin cay (chil s6 nghi ngd) ding & sau cung ké tir trai
sang phai. CSCN phan anh mic d9 chinh xac cua dung cu do luong.

Thidu:

- Trén thang do cua buret ¢6 thé tich 1a 25ml, vach chia d6 nhé nhat 14 0,1ml.
Gia st thé tich tai diém tuong duong khi chudn dé 1a V = 18,75 ml, nhu vay ¢6 4
chii s8 ¢6 nghia la 1; 8; 7 va 5. Trong d6 1; 8; 7 1a cac chii s6 chic chén va chit s8 5
1a chii 58 nghi ngd hay con goi 1a chi s§ khéng tin cay. Chii s6 5 cdn tuy thudc vao
kha nang udc lugng cua ngudi quan sat: ¢6 thé doc 1a 2 hoac 4 hodc 7 v.v... 9.

- Khi cdn trén can phéan tich ¢6 do nhay la 0,1 mg, két qua doc duge la 1,2326 g,
nhu vay ¢é 5 chii s§ ¢6 nghia trong dé chii s§ 6 cudi cling 1a chii s6 nghi ngg.

- 86 lugng CSCN ctia mét s6 do duge tinh tir chit s6 dau tién khac “0” ké tur trai
sang phai. Moi chii 58 “0” sau CSCN dau tién bat ké d vi tri nao déu la CSCN. Hay
néi cach khae, chii 86 “0” diing truée chit s6 “khac 0” diu tién cua mét s6 do khong
phai 14 CSCN. Chii s6 “0” diing gitia hai chit s6 “khac 0” hoiic ding sau cung déu la
CSCN.

Thidu: V=1875ml:cé 4 CSCN, “5” 1a CSCN khéng tin cay.

M =0,0020 g: ¢6 2 CSCN, “0” ]a CSCN khong tin cay.
M =5,06g:c63CSCN, “6” la CSCN khoéng tin cay.
M =0,15 (M/D: ¢6 2 CSCN, “5” la CSCN khong tin cay.
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Khi muéh chuyén d6i don vi do ludng dé thuan lgi cho viée tinh toan k&t qua
do cuél ciing, s6 lugng CSCN cta s6 do phai duge gitt nguyén.

Thi du: chuyén 0,28 g ra don vi mg. Ta thiy 0,28 g ¢6 2 CSCN nén khéng thé
chuyén thanh 280 mg (3 CSCN) ma phai 1a 0,28.10° mg hesc bing 2,8.10° mg.

6.2. Chit s6 ¢6 nghia trong s6 do gian tiép

Nhu da dinh nghia, s6 do gian tiép 1a sd do tinh duge tit cac s6 do truc tiép
thong qua mét hodc vai bidu thitc toan hoc nio dé. Sai 56 cua s8 do truc ti€p cé anh
hudng dén két qua cia s do gian tiép nén s do gian tiép ciing phai dude ghi chép
theo nguyén téc cua CSCN.

- D61 v6i phép cong va triz: CSCN chia két qua cudi ¢6 cung 6 chil s6 & bén phai
cua diu thap phan c6 sd CSCN it nhat.

Thi du: tinh phan tu lugng caa phan tii BaO, vé1 Ba = 137,34; O = 15,9994

137,34 + 15,9994 + 15,9994 = 169,3388 dudge lam tron = 169,34

- Déi vdi phép nhén va chia: s6 higng CSCN cha két qua cudi cung bing s6
lugng CSCN cua s6 do ¢6 CSCN it nhat.

Thi du: - 1ay chinh x4c 10,00 ml dung dich acid hydroclorid chua biét néng dé
dem chudn d6é bang dung dich chuin db natri hydroxid 0,09876 M. Thé tich NaOH
can dune 14 9,58 ml. Tinh M,

0,09876 x 9,58

MHCI = 10.00

=0,094612 dugc }am tron = 0,0946 M

- D6t voi két qua phdi tinh todn qua nhiéu bude: thi chi duge lam tron két qua
cudl cung ma khéng lam tron cac buéc trung gian.

Thi du: - pha dung dich chuan HCI ¢6 néng d6 xap xi 0,1N dung dé chuan dé
dung dich NH,OH can c6 cic bude nht sau: pha dung dich chuin HCI ¢6 néng dé
xdp xi 0,1 N, sau d6 dung dung dich géc Na,B,0, 0,1N dé xac dinh lai néng dé
HCl. Lay chinh xac 10ml dung dich Na,B,0, dem chuin dé bing dung dich chuan
dé HCI trén v6i chi thi Helianthin dén khi mau chuyén tir vang sang dé cam.
Thé tich HC] cin ding 13 9,75 ml, ndng d6 chinh xéc clia dung dich acid duge tinh
nhu sau:

~10x0,10

HC1 9‘75
Dung acid HC] nay dé dinh higng dung dich NH,OH chua biét néng do: lay
chinh xac 10 ml NH,OH va vai giot chi thi Tashri, nhé HC1 dén khi mau chuvén tu

=0,10256
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xanh 14 sang tim. Thé tich HCI cdn diing la 9,8 ml, néng 4% dung dich NH,OH
duge tinh nhu sau:

9,8x0,10256

P = x17,032 = 1,711866 dugc lam tron thanh 1,7 (g/])

6.3. Cach lam tron sé do gian ti€p

Cach 1am trén s8 phai tudn theo quy tic chit s6 c6 nghia. Cach thic lam tron
CSCN cudi cung ciua phép tinh tiy thudc vao gia tri clia “chi s6 nghi ngd” diing
sau no.

- CSCN sau ciing cua s6 do gian ti€p dude ting mot don vi néu ding sau né la
“chit 6 nghi ngd” 1én hen “57; néu nhé hon “5” thi van gili nguyén.

Thi du: 71,56 lam tron thanh 71,6

71,54 lam trén thanh 71,5

- Khi “chii s6 nghi ngd” nay bang “5” thi CSCN sau ciing cua s6 do gian tiép
duge tang mét don vi néu né la mét chi s8 “16”; néu né 1a mot chit s6 “chin” (ké ca
s0 “0”) thi van gili nguyén.

Thi du: 71,55 lam tron thanh 71,6

71,05 1am tron thanh 71,0
71,25 lam tron thanh 71,2

TU KHOA

e Sai s6 hé thong, ngau nhién o Sai sd tuong doi, sai so tuyét doi
e Sais6 thod o Do léch chuan, do léch chuan twong doi
e (ia tr] trung binh e Gidi han tin ¢y, khoang tin cdy

CAU HOI LUONG GIA

1. Giai thich su khac nhau gifia: sai s6 hé théng va sai sd ngAu nhién; sai s6
tuyét déi va sai s8 tuong doi.

2. Trinh bay cac khai niém va céng thiic tinh cac dai lugng trong toan théng
ké: gia tri trung binh, dé léch chudn, giéi han tin cay va khoang tin cay v.v...

3. Néu cac buée xit 1f két qua phan tich; ting dung vio bai tap sau:

Sau 6 14n xac dinh ham lugng (mg) ctia mét hoat chédt trong ché pham thu
duge két qua nhu sau: 116,0 ; 97,9 ; 114,2 ; 100,6 ; 108,3 ; 104,5. Ham luong thuc
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cia miu phén tich nim trong gidi han nao? Gia sii ham ludng thyc cua miu

M = 100,0; hay tim xem phucong phap c6 sai s6 hé théng hay khong?

CAU HOI TRAC NGHIEM

1. Khi tién hanh phan tich 1 mAu bat ky thudng mic phai cac loai sai s6:

a. Sai s6 hé thong d. Ca a, b, c déu ding
b. Sai s6 ngiu nhién e. Chib, ¢ diung

c. Sail sé thé

2. Sai s0 do phudng phap do dan dén:

a. Sai sd tho d. Sai s6 tuyét dé1
b. Sai s6 ngau nhién e. Sai s6 tuong doi

¢. Sai s6 hé thong

3. Mot kiém nghiém vién doc nham thé tich tai diém tuong duong khi dinh

lugng, vay trong phan tinh toan két qua ngudi nay méie phai:
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a. Sai s6 tuong déi d. Sai s6 hé thong
b. Sai s6 tuyét doi e. Khéng cau nao diing

c. Sai so thé

4. Loai sat 86 ni1o c¢6 thé hiéu chinh va loai trit khi ti€n hanh phan tich miu?

a. Sai s6 thé d. Sai s6 tuyét déi
b. Sai s6 ngAu nhién e. Sai s6 tucng d6i

c. Sai s6 hé théng

5. Loal sal s6 nao thé hién dé ding clia phuong phap phan tich?

a. Sai s8 thd d. Sai s6 hé théng
b. Sai s6 ngau nhién e. Cau b va d dang

c. Sail sb tuyét 4ol

6. Loal sai s6 nao thé hién dé chinh xéc ctia phugng phap phan tich?

a. Sai s6 tho d. Sai s6 hé thong
b. Sai s6 ngau nhién e. Sai s8 tuong d6i

c. Sai s8 tuyét doi



7. Loai trif sai s6 thé bang cach:

a. Tra bang Student dé tim T, va T, d. Ciu a va c dung

b. Dung phudng phap chuin Dixon (test Q) e. CAu b va ¢ ding

¢. Diing phudng phap kiém dinh T (test T)

8. Chit s6 c6 nghia (CSCN) trong s6 do truc tiép bao gom:

a. Nhiéu chit s6 tin cay va nhiéu chit s nghi d. Cau a va ¢ ding
ngo

b. Chi ¢é chii s6 tin cay e. Khéng cidu nio ding

¢. Nhiéu chit s8 tin cay va duy nhat mét chii
56 nghi ngd

9. Két qua dinh lugng sau cing l1a M = 0,0020 g, s6 do nay bao gém ... chii s&
¢6 nghia:

a. 5 chii s6 ¢6 nghia d. 1 chil 56 c6 nghia
b. 4 chii 86 ¢6 nghia e. Khéng cau nao ding

c. 2 chil s8 ¢6 nghia

10. Két qua dinh lugng sau ciing la M = 0,0025 g, chit s6 5 14 chii s6:

a. Chit s6 c6 nghia tin cay c. CAu a va b déu diing
b. Chii s6 c6 nghia khéng tin cay d. Khong cau nio ding
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Phan Il

PHAN TiCH KHOI LUGNG VA PHAN TiCH THE TicH
%

Chuong 4
NONG PO DUNG DICH

NOI DUNG

1. MO PAU

Dung dich 1a mét hé déng thé gdm hai hay nhiéu c&u ti (phan tit hay ion). Mot
dung dich bat ky déu gém chat tan va dung méi. Thanh phén ctia chét tan trong
dung dich dugc biéu dién bing néng db.

Nong d6 1a mét déc tinh dinh lugng cd ban ctia dung dich.

Ngudi ta biéu thi néng d ctia dung dich bang lugng chét tan duge hoa tan
trong mét lugng xac dinh dung dich hay dung méi.

2. CAC CACH BIEU THI NONG PO

2.1. Nong d6 phan tram (ndng dé bach phan)
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2.1.1. Nong d¢ phén tram theo khéi luong: C%(kl/ kl)
Biéu thi biing s6 gam ch4t tan c6 trong 100 gam dung dich
Ky hiéu: C% (kl/kl)

Céng thic

C% (kl/kl) = 2 x 100 = - % 100
ml Vd

m: khéi lugng ctia chit tan (gam).

(4.1)



m,: kho1 lugng cua dung dich (gam).

V: thé tich dung dich (ml).

d: khdi lugng riéng cua dung dich.

Thi du: Dung dich amoniac 25% (kI/kl) ¢6 nghia 1a trong 100g dung dich cé
chita 25g amoniac '

T cong thic (4.1), suy ra lugng chat tan can thiét

C% 9
m - ox my C% x V.d (4.2)
100 100

e Trucng hgp pha mét dung dich trong d6 hoa tan m gam chit tan vao b gam
dung méi thi néng dé phan trim cta dung dich la:

m

C% (kl/k]) =
m +

5 x 100 (4.3)

Thi du 1: Tinh néng d8 phan tram C% (kl/k]) cia dung dich natri carbonat néu
cén 25 g Na,CO, pha trong 250 ml nuée
Giai:
Trong bai toan nay,
m: khéi lugng chdt tan=25¢g
b: khéi lugng dung mdi = V.d = 250 x 1 = 250 (g)
m + b: khé1 lugng dung dich = 25 g + 250 (g)
-Néng d6 phan trim cua natri cachonat:
C% (KVKL) = — =2 %100 = 9,09%
25 +250

Thi du 2: Alizarin duge dung lam thuée thii. Khi pha ngudi ta hoa tan 0,25 g
trong 100 ml nudc, nhu vay néng d6 phan tram C%(kl/kl) clia alizarin sé 1&:
0,25

x100=2,49%

Trong hoa phén tich, nong dé phin tram dude coi la gin ding, hoa chit dude
can trén can k¥ thuat.

2.1.2. Nong dé phéan tram khéi luong theo thé tich: C%(kl/ tt)

Biéu thi s6 gam chit tan trong 100 mi dung dich
Ky hiéu: C% (kl/tt)
Céng thuc
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C%(kl/tt) = % « 100 (4.4)

Khdi lugng chat tan duge tinh
CY%xV
100
Thi du I: Khi pha mét dung dich glucose uu truong, néu sit dung 200 g

glucose pha thanh 1000 ml, néng 46 dung dich glucose tinh theo néng d6 phan
tram:

= m= (4.5)

C% (kl/tt) = =00
1000

C% (kl/tt) = 20

Thi du 2: Dé pha 1 lit dung dich tiém truyén NaCl 0,9%, lugng NaCl duge tinh
theo cong thtic:

x 100

_ C% xV
100
(0,9% x 1000
m=_-""_"""""
100
m = 9g Na(l

2.1.3. Nong d6 phén tram theo thé tich: C% (tt/ tt)

Biéu thi s8 mililit (m]) chét tan c¢6 trong 100 ml dung dich
Ky hiéu: C% (tt/tt)
Céng thic C% (tt/tt) = Vi x 100 (4.6)
1
V: thé tich ctia chat tan.
V,: thé tich ctia dung dich.

Thi du: Nguoi ta 1dy 960 ml ethanol tuyét dfi pha thanh 1000 ml dung dich.
Nhu vay ndng d6 cia dung dich ¢én la:

960

C% (tt/tt) = x 100

C% (tt/tt) = 96

3. NONG PO PHAN TU (NONG DO MOL) Cy,

Biéu thi s6 mol ctia chit tan c6 trong 1 lit (1000 ml) dung dich
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Ky hléu C-_\-[
(Cong thic

m

Cayr = 1000 4.7
MT wy @D
C MV
o = MY (4.8)
1000

m: khoi lugng cua chat tan (gam)
M: khéi Iugng mol (khdi higng phéan tu) ctua chat tan.
V: thé tich ctia dung dich can pha.

S8 mol cia dung dich duge tinh:

56 mol :% (4.9).
Thi du I: Tinh néng dd mol cua dung dich H,S0,, biét rang dé pha mét dung
dich c6 thé tich 1a 500 ml, lugng H,SO, dam dac cin dung la 49 gam. Khéi lwong
mol cua H,S0, (M = 98 g)
Giai
49

On wson = g3, gp0 ¥ 1000 1

Thi du 2: Nude bién tiéu chuan chda 2,7 g muéi NaCl trong mbi 100 ml dung
dich. Xac dinh néng d6 mol ctia NaCl trong nudc bién.

Giai:

Khai lugng NaCl: m = 2,7 (g)

Khéi lugng mol caa NaCl M =585 ¢

Thé tich ctia dung dich V = 100 ml

2,7

———— %1000 = 0,46
58,5 x 100

Cat N1 =

Mot dung dich chia moét phan ti gam chit tan trong mot lit dung dich duge
goi |4 dung dich phan tw. Tu dung dich phin t duge 18y lam don vi, ngudi ta so
sanh dung dich dam dic hon: 2M, 3M... hay dung dich loang hon: 0,1M (decimol),
0,01M (centimol), 0,001M (milimol}...

3.1. Néng d6 duong lugng

Cach biéu thi néng d6 duong lugng do nha hoa hoc ngusi Duc Karl Friedrich
Mohr phat biéu muc dich dé don gian hoa cac phép tinh.
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Cach biéu thi néng d6 nay dya trén khai niém khéi lwgng duong lugng
(duong lugng gam) cua mot chat.

3.1.1. Duwong luong gam
Ky hiéu E gam
Duong lugng gam cua mét chat duge tinh tuy thude vao ban chit cua phan tng

hoé hoc.

3.1.1.1. Triiong hop phan ung acid — base
Phéan ti gam
bl
« D81 v4i mot acid: Pudng lugng gam la phan tii mol clia acid d6 chia cho s8
proton hoat tinh (H")

E gam =

Thi du 1: Duong lugng gam cta acid hydrochloric trong phan {ng trung hoa

la:
HCl + NaOH — NaCl + H,0
Mpyer 36,5
tH* 1
Thi du 2: Duong lugng gam cua acid sulfuric duge tinh trong truong hop phan
ung vél NaOH

E galn HCl = = 36,5

H,S0, + 2NaOH — Na,SO, + 2 H,0

M
B eam 1,80, = % :% =19
* D41 v61 mot base, duong lugng gam la phan tif gam cua base chia cho s&
proton hoat tinh (H") cin thiét dé trung hoa né.
Thi du: Puong lugng gam cua natri hydroxyd duge tinh khi phan tng véi HCI

M
_ "NaOH _ 40 _
EgamNaOH_ *1 i =7 =.40

3.1.1.2. Truong hop phan wng oxy hod — khiz

Dé1 véi phan tng oxy hoa duong lugng gam clia bat ky chit nio dua vao phan
ing ciing 1a khéi lugng mol ciia chit d6 chia cho s6 electron (n) cho hay nhan
trong qua trinh phan (ng

Phan ti mol clia chat

E gam =
Jg( n
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Thi du 1: Trong phan Ging oxy hoa gilia sit (II) va kali permanganat

MnO; +5Fe* + 8H" = 5Fe”" + Mn™ + 4 H,0O

— + Be 24 Mh{lno/l__
MnO, ——— Mn“": E =
MnO, 5
b 2+ —e 3+ . k] _
Fe ———— Fe : _EJF82+ = MF82+
Thi du 2: Phan ting oxy hoé giita Cr®” véi Sn*"
M ¢
- Cr, 0,2
Cr,0° —*0¢ Locdt B, =277
< T CI‘;)OH 6
EA
M, o,
Sn2* —2e , sntt . ESn2+ = %

3.1.1.3. Truimg hdp phdn tng tiia va phiic chat
e Dudng lugng gam cua mot cation duge tinh bang cach lay khéi lugng gam
cua cation chia cho dién tich caa cation

Khéi hig am cu ti
Puong lugng gam = o1 luong g cua cation

S6 dién tich cua cation

e Dudng lugng gam ctia mdt anion 1a khdi higng gam cua anion chia cho s6
duong lugng cua ion kim loai tuong itng dé tao tua hoiic phiic chat.

Thi du:

~ Trudng hgp 1. Cation va anion ¢é cting sé dién tich

Ba®'+ 80,4 > BaSO,!

. - Mpor 13733

BAM B2t 2 2
M

. 8042 96

wam g2 22

— Trudng hgp 2. Cation va anion ¢6 s8 dién tich khac nhau

3Ag"+ PO, D Ag,PO,

Ag™
EAg+ - : - 108
M
E B PO;E’ 2?_
PO 3 T3
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— Truong hgp 3. Trusng hop tao phiic gitta cation va anion
Ag® +  20N"3> Ag(CN),
M

Agt 108
E., . = - =108
Ag* 1 1
M oy
Een- = % =MgN- % 2= 26x2=52
)

it}

3.1.2. 86 duong luong gam
86 duong lugng gam cta chit A bang s8 gam ch#t A chia cho dudng lugng gam
cua chat dé
m 5 (gam)

A) =427 (4.10
eq (A) E » (gam) )

3.1.3. Néng dé duong luong

Néng d6 duong luong duge biéu dién bling s6 duong lugng gam cua chit tan cé
trong 1 lit (1000 mi) dung dich.

Ky hiéu: Cy

Céng thie:

Co = s6 duong lugng gam cta chit tan
<=

x 1000 (4.11)
v

Cp =29 1000 4.12)
Cy =—4 1000 (4.13)
E gam

Thi du: Xac dinh néng d6 dudng lugng cia dung dich nitrat bac khi hoa tan
1,35 g AgNO, thanh 250 ml dung dich.

Biét khoi lugng mol AgNO, = 108, ducng ludng gam AgNO; = 108 (s6 dién tich
Agh=1).

Néng d6 duong higng ctia dung dich AgNO,;:

1,35
108 x 250
CN (AgNO,) = 0,05

Cy (AgNOg) = x 1000
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Mot dung dich chia mét khél lugng dusng lugng cda chit tan duge goi 14
dung dich ¢6 néng dé nguyén chudn N. Bén canh ndng dé nguyén chuin,
nguoi ta con su dung boi 86 cua N nhu dung dich 2N, 4N..., uée s6 cua N nhu dung
dich 0,1N, dung dich 0,01N...

Dé tinh toan lugng chit tan A cin thiét dé pha dung djch duong lugng cho biét
trude, ngudl ta suy ludng m tit cong thic (4.13)

C TA 1000
T = "= W
N EpgamxV

Gy xEpgamxV (4.14)

m . =
A 1000

3.1.4. Céng thiic tinh néong dé duong luong
Cac tinh toan trong cach chuin d¢ theo néng d6 duong hiong gin giéng véi
cach tinh toan trong chuan d6 theo néng d6 phan ti. Cé mdt sy khac biét la tai
diém tuong duong tich ciia cac thé tich (tinh bing ml) clia cac dung dich cic chat
phan ting v4i néng d6 duong lucng thi bang nhau
ml A. Ny =ml B. N
VaNy = V. Ny
Hay tai diém tuong duong cac thé tich dung dich thude thit va clia cic chat cin
xac dinh da phan ing v61 nhau ty 18 nghich véi ndéng dé duong ludng ctia ching,
Ve _Nj
Va Np

Quy tdc nay goi la quy tic hop thic (stoéchiométrie — stoichiometry)

Thi du: Dung dich acid hydrochloric duge xac dinh néng dé bang cach dem
chuin d6 v6i dung dich chuin natri hydroxyd. Néu sau khi phdn Ung két thue,
25,00 ml dung dich HC] duge trung hoa cin mét thé tich NaOH 0.0950 N la
32.20 ml. Tinh néng d6 duong luong ciia dung dich acid hydrochloric.

Giai:
Ap dung phudng trinh trén, ta cé:
NaVi=NpVp
Vé V4 thé tich cia dung dich HCl can chudn dg, V, = 25,00 ml.
N .: néng d6 cua HCL
V,: thé tich cia dung dich chuian NaOH, Vy; = 32,20 m).
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Ny: néng dé cia NaOH Ny =0,0950 N
Néng dé ctia dung dich acid hydrocloric:

32,20 x0,0950

25

Nyep = 0,1224

4. MOT SO CACH BIEU THI NONG DO KHAC

4.1. Nong dd gam
4.1.1. Nong dé gfl
Biéu thi bing s§ gam chit tan ¢6 trong 1 lit dung dich.
Ky hiéu: g/l
Cong thuc:

Cor1 = 17 X 1000 (4.15)

m: khéi ludng ctia chit tan (gam).

V: thé tich dung dich da cho tinh bang ml.
Loai néng dd nay thudng dung trong mét s& thude thi acid hay base.
Thi dy: Nude thach cao hay dung dich CaSO, bao hoa c6 néng dd 2 g/l.
4.1.2. D6 chudn

Biéu thj s& gam hay miligam chat tan ¢6 trong 1 mililit dung dich
Ky hiéu: T

Céng thic: T me/ml = % x 1000 (4.16)

giml = % (4.16a)

Thi du: Acid nitric dam dic i acid ¢6 d6 chuan T = 1,40 g/ml.

Trong thue t& ngudi ta thuong dung nhiing dung dich chuin c¢é nong do da
chon sao cho ¢ 1 ml dung dich chuan tucng ting véi mét luong chit can dinh
lugng dé tinh toan duce dé& dang.

Thi du: Dé xic dinh d6 cing ctia nude, ngudi ta dinh lugng nude bing dung
dich complexon III chuin 0.01M véi chi thi Den Eriocrom T. Khi phan tng két
thiic, doc s6 thé tich ml dung dich complexon II1 sii dung.
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Tinh két qua: 1 ml complexon III ng véi 0,561 mg CaQ, nhu vay tng véi V mi
nguoi ta tinh duge ham lugng Ca’ ¢é trong nude.

Ngudl ta con dung dé chudn trong chuyén doi tiu noéng dd nay sang noéng dé
khac.

Thi du: Tinh néng dé phan tram C%(kl/tt) cta dung dich H,S0, 2M,
Tt dung dich H,80, 2M, 4p dung cong thiic tinh Cy; suy ra khéi lugng

T 1000
o
m - 2% 98 x 1000 _ 196 (g)
1000
Do chudn T = 20 _ 0 196(g/ml)
1000

Nong d9 phan tram C% (kl/tt) ciia H,S0,=0,196 x 100 = 19,6%
4.2. Néng d6 ion gam

Biéu thi s6 ion gam chit tan c6 trong 1 lit dung dich,

Ky hiéu: ion gam/l.

Thi dyu: Dung dich FeSO, ¢6 chiia 5,6 g Fe™* — néng d6 ion gam ctia Fe?* 12 0,1
lon g/l vi 1 ion gam Fe?" = 56.
4.3. Néng d6 phan triéu (ppm: parts per million)

D61 v6i nhiing dung dich ¢6 néng dé rat loing, ngudi ta thudng sit dung néng
dé phin triéu (ppm).

Néng d6 phan triéu biéu thi s8 gam chét tan cé trong 109 gam dung dich hay
hon hep. Ngudi ta con biéu thi s microgam cua chat tan ¢6 trong 1 ml dung dich
hay s6 miligam chat tan c6 trong 1 lit dung dich.

Ky hiéu: ppm
Coéng thic:
_ khéi lugng cua chat tan (mg) _
Cppm - I P ) (4.17)
th¢ tich cua dung dich (1)
khél lugng clia chat tan .
Cppm = =E tan (g) 105 (4.18)

thé tich ctia dung dich (10°g)

C‘ppm _ kh101 lqu’ng cua chaF tan (r{x}g) « 105 (4.19)
thé tich cua dung dich (10° g)
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Vi khol lugng riéng cua nude 1a 1, khi mdt dung dich ¢6 lugng chit tan qua it
so vii hugng dung mdi, ngudi ta quy ude 1 ml dung dich = 1 g, vi 1& d6, dung dich co
nong do 1 ppm tudng wng vdi 1ug chdt tan ¢ trong 1 ml dung dich hay 1,00 mg/1
tit dung dich

Thi du: TCVN 5501 - 1991 quy dinh giéi han néng dé nitrat c¢é trong nudc

udng la < Sppm.
4.4. Néng d6 phan ty (ppb: parts per billion)

Néng dé ppb hay néng dé phan ty biéu thi 6 gam cua chat tan ¢6 trong 10°
gam cua dung dich hay hén hop.

Ky hiéu: ppb
Cong thic:
_ khoi lugng caa chat tan (g) 9 )
ppb = : = % 10 (4.20)
thé tich cua dung dich (107 g)
_ khéi lugng cua chat tan (mg) « 10° (4.21)

ppb thé tich cua dung dich (10Y g)
Dung dich 1 ppb clta moét chat tuong tng véi t mg chat doé trong 1 ml dung
dich hay 1 pg trong 1 lit dung dich.

Trudng hop bidu thi néng d6 cia chat khi, ngudi ta thudng dung don vi chat
khi trong mét thé tich hon la trong khéi higng.

Thi du: 8ppb monoxyd carbon trong khong khi ¢é nghia la 8ul CO ¢6 trong 1 lit
khéng khi.

5. HE THUC LIEN LAC GIUA CAC NONG DO

5.1, Nong d6 phan tram (C%) va néng dé mol (Cyyp)

Cor x M
Q% = M A 1.99
’ 10 x d (1.22)
Cy = C% x10 x d (4.23)
My

Thi du 1: Tinh néng d6 phan tram cta dung dich NH,OH 14.8M, biét riang
khéi lugng riéng Ja 0,899 g/ml, khoi lugng mol phan ta la 17,03.
Giai

Ap dung coéng thic (4.22)
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14,8 x 17,03
10 x 0,899

C% = = = 28,03

Thi du 2: Tinh ndng d6 mol cia dung dich H,80, 98% (d = 1,84 g/ml), phan ti
gam =~ 98.

Giai
Chy = 98 x 10 x 1,84 _ 184
98
Nong d6 mol va nong ¢6 dudng lugng
CN =n CM (424)
Cy = O (1.25)
n

n dugce tinh tuy theo ban chit cua phan ting hoa hoc.

6. MOT SO BAI TOAN VE NONG PO

6.1. Pha thude thi ¢6 nong dé loang tit dung dich dam dac
Thi du 1: Cin bao nhiéu ml acid hydrocloric dam dac 12,1 N dé pha loang
thanh 1 1it dung dich HCl ¢6 néng d6 0,1 N?
Giai
Ap dung céng thc VAN, = VN,
Hay Vi aax N =V % N ot

L&y 8,26 ml dung dich HCI 12,1 N pha trong nudc dé ¢6 1 lit dung dich HC!
0,1 N

divn dliwe pha liking

Vmlyy x12,1=1000x0,1
1000x0,1

8,26
12,1

ledd =

Thi du 2: Dung dich amoniac dam dac chaa 28 % (kl/kl) NH,, khéi lugng riéng
0,899. Tinh thé tich ctia dung dich nay cin dung dé pha 500 ml dung dich cé nong
do 0,25M. Phén ta mol cua NH; 1a 17,03,

Giai

— Tinh khéi lugng gam caa NH, ¢6 trong mdt lit dung dich:

Tu cong thite (4.23) suy ra:

— Néng d6 mol cua dung dich:
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m

Crp = 1000

M~ My~

Oy =L 10,
17.03 % 1000

Cpp = 14,8M

— Tinh thé tich ctia dung dich 14,8 M dé pha loang thanh 500 m] dung dich
néng d6 0,26 M
Ap dung cong thic
Vc?:_:m-l!{_nc' . N:la}m dac = Vpha lodng - Npha loding
Trong dé Nd:}m dac = 14:8 M. VLI:}m dac =
Vpha loang — 500 ml: Npha lodng — 0,256 M
Nhu vay:

500 x 0,25
14,8

Lay 8,45 ml dung dich amoniac 14,8 M pha véi nuitdc thanh 500 mi dung dich

Vdélm dae = = 8,45 (ml)

6.2. Tinh néng do mol ctia mét dung dich

Th{ du: Tinh néng d6 mol cha acid nitric (M = 63) trong mdt dung dich, bi&t
rang khél lugng riéng la 1,42 va chia 70% (kl/kl) HNO,,.

Giai

T\ eong thiic (4.23) suy ra nong d6 mol ena acid nitric:

[i]
Cpp(HNOg) = C%x10xd _ 15,8
My
T0x10x 1,42
63

Cpp(HNOg) = 15,77TM = 16 M

TU KHOA
e nong dé mol * néng 46 duong huong
e ndng d6 phan tram » ducng lugng gam

¢ néng dé nguyén chuin e quy tic hop thic
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CAU

HO! LUGNG GIA

1. Phan biét cac loai ndng d6: ndng d6 phan trim, néng 46 mol, néng a6

nguyén chuin va ndng do duong lugng.

2. Tinh néng d6 mol ciia cac dung dich sau:

AgNO., 117,4g/l BaCl,, 2 H,0, 200mg/t
KSCN, 0,972¢/100ml Na,SO,, 720mg/72ml
3. Tinh duong lugng gam cua céc ion theo cac phan 1ing dudi day:

a) 2NaOH + H,C,0, > NaC,0, +  2H,0

b) 2FeCl; + SnCly > 2FeCl, + SnCl,
¢) AgNO, + 2NaCN > Ag(CN)y +  2Na® +  NO;
4. Tinh ndng d6 ducng luong ciia dung dich Na,CO, khi st dung mot thé tich

HC1 0,1 N 1a 30,60ml dé trung hoa 150 mg mau thu.

5. Nguoi ta dung néng do ppm trong trudng hop nao?
CAU HOI TRAC NGHIEM

1. Néng d6 phan tram C% (kl/k]) duge bidu thi:

a. sO0 gam chdt tan / 100 ml dung dich d. 86 mg chat tan / 100 g
dung dich

b. s6 mg chat tan / 100 ml dung dich e. s0 gam chat tan / 1000 ¢
dung dich

¢. s0 gam chat tan / 100 g dung dich

2. Néng dd phan tram C% (tt/kl) dugc biéu thi

a. s6 mg chit tan / 100 g dung dich d. 6 ml chat tan / 1000 g
dung dich

b. s6 ml chat tan / 100 ml dung dich e. s6 ml chat tan / 100 g dung
dich

c. 6 lit chat tan / 100 g dung dich

3. Néng d6 phan tram C% (tt/tt) duge biéu thi

a. sO0 ml chat tan / 100 mi dung dich d. s6 ml chét tan / 100 g dung
dich

b. s6 ml chat tan / 1000 ml dung dich e. s6 ml chat tan / 10 g dung
dich

. 6 mg chit tan / 100 ml dung dich
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4. Néng dé gam/ lit duge biéu thi

a. s0 gam chat tan / 1000 ml dung dich d. 86 ml chat tan / 1000 ml
dung dich

b. s6 mg chat tan / 1000 ml dung dich e. s0 ml chdt tan 100 lit dung
dich

c. 56 ml chat tan / 100 ml dung dich

5. S6 gam kali dicromat can thiét dé pha 250 ml dung dich kali dicromat 2M la
a. 138 ¢ c. 147 g e.159g

b. 142 g d. 151 g

6. Tinh néng d6 mol cia mét dung dich ethanol (C,H,OH = 46). Biét rang

trong 85,0 ml dung dich ¢6 chia 1,7 g ethanol.
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a. 0,45 M c. 0,67TM e. 1,0M

b. 0,556 M d. 0,85 M

7. Cho biét nong d6 dudng lugng ena dung dich H,S0, 98% c6 d = 1,84 g/ml
a. 36,8 N c. 28,5 N e. 42 N

b. 35,3 N d. 45 N



Chuong 5
PHUONG PHAP PHAN TiCH KHOI LUONG

NOI DUNG

1. LICH SU

Théodore W. Richards (1868 — 1928), ciing véi cac sinh vién Trudng Dai hoc
Harvard da phat trién va cai tién nhiéu ky thuat phan tich khéi lugng, xac dinh
duge khéi lugng nguyén ti ciia 25 nguyén t6. Vi 16 d6 nam 1914 6ng la ngudi My
déu tién nhan giai Nobel vé hoé hoc. ‘

2. NGUYEN TAC

Cd s6 caa phuong phap phan tich khéi lugng 1a dinh luat thanh phan khéng
déi va dinh luat duong lugng.

Trong dinh luat thanh phan khéng déi, ty s6 khéi lugng cac nguyén t8 ¢6 trong
thanh phan mét chat luén ludén nhu nhau. Con véi ‘dinh luat duong luong, khoi
lugng cac nguyén t& tham gia phan tng luén luén khong ddi va ty sé giita ching
khéong thay déi.

Phuong phép phéan tich khéi lugng dua trén viée do ludng khéi lugng dude thuc
hién nho can phan tich, mét dung cu cung cap cac két qua rit ding va chinh xac.

Trong phudng phéap nay, chit cin xac dinh dugce tach ra dusi dang nguyén
chat hay duéi dang hop chat c6 thanh phan xac dinh. Tit hgp chit thu dude nay,
sau khi cén trén cin phén tich, nguéi ta tinh duge khdi lugng ctia c&u tit cin xéac
dinh va ham lugng phéan trim cta né.



Thi du: D& xac dinh ham lugng bac trong bac nitrat, ngudi ta 13y chinh xac
khoang 0,2549 g AgNO,, hoa tan trong nudc va két tha ion bac bang acid
hydrocloric

AgNO, +HCl — AgCl+ HNO,

Sau khi xu iy thich hgp két tia thu dude, va cin trén can phéan tich, khéi
lugng tua AgCl thu duge 1a 0, 2148 g. Tim khéi Iugng bac trong két tua.

Giai:

Dua vao phuong trinh hoa hoc trén ta c¢6: ¢it mot phan tit AgCl (M =143,35 g)
thi lugng bac tuong dng la 107,90 g. Nhu vay khi thu dudge 0,2148 g 88 suy ra ham
lugng cua bac

143,35g AgCl — 107,90g Ag
0,2148¢ AgCl  x?

. =0,2148 x 107,90
143, 35

=0,1617 (g)

Két qua: véi lugng mau la 0,2148 g bac clorid, suy ra lugng bac 1a 0,1617g.
Ham lugng bac trong bac nitrat duge tinh nhu sau:

0,2549 g AgNO3 chia 0,1617 g Ag
100g © chia yg Ag
_ 0,1617 x 100

= 63,44 g tiic 63,44%
0,2549

3. PHAN LOAI

Phudng phap phén tich khé1 lugng bao gdm phuong phap tach, phuong phap
cit va phuong phap két tia.

3.1. Phuong phap tach

Trong phudng phap nay, chit can xac dinh dugce tach ra tif chit phan tich dudi
dang tit do va dudc cn trén ¢an phén tich.

3.1.1. Phuong phdp xac dinh trong luong tro
MaAu ran dude dot chay va nung dén trong luong khéng d6i. Tro thu duge dem

can. Dya vao trong lugng cua tro ngudi ta tinh ham lugng phan tram ctia né trong
mau di cho.

Thi du: Dé xac dinh ham lugng tro sulfat ciia terpin hydrat, ngudi ta ¢dn 1 g
ché& pham (cAn chinh xac) demn nung véi acid sulfuric. Tro thu dudc dem can trén
cAn phan tich. Dude dién Viét Nam ITI quy dinh, lugng tro sulfat khéng dude qua 0,1%.
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3.1.2. Phuong phap tach

Duing dé tach don chat ra khoi hén hgp. Thi du dinh lugng vang va ddng trong
hop kim. Trude hét ngudi ta hod tan mét Iugng cidn xac dinh cua hgp kim trong
nude cuong thuy (hén hdp acid nitric va acid sulfuric), sau dé thém dung dich
hydro peroxyd mue dich dé khit ion vang dén vang nguyén td. Loc vang da dude
tach ra, rita dé loai tap chat, sy va nung, dé ngudi, dem cén. Dua vao khél luong
vang da duge tach ra, ngudi ta suy ra ham ludng vang ¢é trong mau.

3.1.3. Phuwong phdp dién trong luong (Electrogravimetry)

Chat can xac dinh duge dong dién tach ra vA bam trén mdt dién cyc bing
platin (catod). Dua vao khéi lugng tang 1én cua catod, ngudi ta suy ra ham lugng.

Thi du: Khi cho dong dién mét chiéu di qua mét dung dich cé chia ion dong,

trong nhiing diéu kién xac dinh thi dong sé tach ra, bam 1&n catod. Cin catod
trude va sau thi nghiém sé suy ra ham lugng ddng trong hén hgp.
3.2. Phuong phap lam bay hoi (phuong phap cat)

Ngudi ta tach mét cach dinh lugng chit cidn phén tich duéi dang mot hgp chat
bay hoi. Trong phuong phap nay, chdt phan tich hay cac hgp chat bi bién déi duge
lam bay hgi 6 mét nhiét d6 thich hgp hay do tac dung vét mot thudc thit thich hgp.
Chét bay hoi duge thu héi va cin. Khéi lugng ctia mau dugde xac dinh mét cach
gian tiép tit sy mat trong lugng.

Cac phuong phap lam bay hoi thuong 1a phuong phap truc tiép va phuong
phap gian t1ép.

3.2.1. Phuong phdp truc tiép

Cha't sau khi lam bay hoi duge hdp thu bang médt chat thich hgp da duge xac
dinh khdi lugng. Su chénh 1éch vé khél lugng cua chit hap thu trude va sau phan
dng 1a khal lugng cua chit can xac dinh.

Thi du: Pinh lugng natri hydrocarbonat trong vién thudc khang acid. Ngudi ta
can mot luong mau ti thude vién nghién min va xit 1y bang acid sulfuric loAng dé
bién d6i hydrocarbonat thanh dioxyt carbon:

NaHCO.,+ H,SO, — CO, T+ H,0 + NaHSO0,

Khi CO, bay ra dudc cho vao binh c¢é chiia chat hap thu Ascarit IT cdu tao bdi
silicat min phu NaOH, trong chit hip thu ngudi ta thém CaSO, dé gitt nude duge
tao ra trong qua trinh hap thu.

€0, T+ 2NaOH — Na,CO, + 2H,0
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Cén binh trudc va sau phan tng suy ra ham lugng cta CO,.

Khi nitg

Chat hap thu chira CasSo,
NaOH (Ascarite)

CO, + 2NaOH — Na,CO, + H,0

Hén hop bicarbonat va acid sulfuric

6ng cha CasQ,
Hinh 5.1. Thiét bi diing d& xac dinh lugng natri hydrocarbonat
trong thudc vién khang acid bing phudng phap lam bay hai
3.2.2. Phuong phap gidn tiép
Trong phueng phap nay, ngusi ta xae dinh khéi lugng cin con lai cia chat sau
khi tach hoan toan chat cAn xac dinh. Hiéu s6 khéi lugng trude va sau khi cat chat
can xac dinh cho ta kha nang tinh dudc ham lugng cia chat.
Thi du: BaCl, ngam 2H,0. Dé xac dinh ludng nuée két tinh, ngudi ta cin mot
lugng mau, dem sdy ¢ nhiét d6 100 — 105°C. D& ngudi, cAn miu 1an hai dé xac dinh
lugng nudc da mat.

BaCl,.2H,0 —% 5 BaCl, + 2H,0

Phuong phap xac dinh khéi lugng gian tiép duge st dung khi xac dinh dé 4m
cua mau, xac dinh nude két tinh trong céc loai tinh thé hydrat, xac dinh lugng mat
khi nung.

3.3. Phuong phap lam ké&t ta

Trong phuong phap khéi lugng dua trén su tao ta, chit phan tich duge tac
dung véi thuée thi thich hgp tao thanh hgp chit it tan, sau dé duge loc, ria, siy
va nung. Chat nay duge can trén can phan tich.

Qua trinh nung c6 thé giy ra su bién déi vé mit hoa hoc clia tia, vi vay trong
phén tich nguoi ta phan biét dang két tiia va dang can.

+ Dang két thia: dang tao thanh khi cho chit c¢An phén tich tac dung véi thude
th thich hop.
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Thi du: Xhi xac dinh ion SO%‘ trong dung dich Na,30,, ngusi ta dung ion
Ba®" dé két tua. Tha tao thanh la BaSO,.

» Dang can: dang tao thanh sau khi duge x 1y bdng nhiét (sdy va nung) dudc
can dé xac dinh ham lugng.

Dang can ciing ¢6 thé 14 dang két tua thi du nhu trudng hgp cta BaSQ,, tua
tao thanh sau phan ang, khong bi bién déi sau khi sdy vA nung, san pham dem

can 1a BaSO, ngudi ta goi dang tua giéng dang cén.

S0, + Ba® > BaSO, —' > BaSO,

Ch4t can xac dinh Dang tua Dang can
(6 nhiéu trudng hop dang tua khac dang cén, thi du nhu trong trudng hop
dinh lugng ion Ca® bang thude thit (NH,),C,0,, dang tua thu dugce la calei oxalat
theo phan ting sau:

Ca® + C,0%" +2H,0 - CaC,0,.2H,0
Nhung dang cin lai 1a calci oxyt vi calci oxalat bi phan huy sau khi nung,
phan ung c6 thé viét:
CaC,0,.2H,0 - CaC,0, —» Ca0O + CO T+ CO,T

4. PAC PIEM

Phudng phap phéan tich khéi lugng 1a mét trong s6 it k¥ thuat do ludng dua
trén nén tang cia don vi SI nhu khdi lugng va mol, ¢6 hiing s6 xac dinh nhu s&
Avogadro va khéi lugng eha '“C, cho phép xac dinh ham higng ctia cic cdu tu riéng
biét trong mét mau da cho cua chit phan tich. Thudng duge dung khi danh gia
thanh phan cua mau. Xac dinh ciac kim loai {caec cation), cidc phi kim loai (céac
anion), thanh phan cua hdp kim, cac hgp chat hiu cd...

Nhuge diém cua phuong phap nay la thoi gian xac dinh kéo dai, dai hon so véi
phuong phap phéan tich chuan dé.

5. CACH TINH KET QUA

C4c két qua trong phan tich khéi lugng thudgng duge tinh tu hai sé do thue
nghiém: khéi lugng mau thit va khai lugng clia san pham cé thanh phan xac dinh.

Ham higng phan tram cta san pham duge tinh bang céng thie:
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Ham luong phdn tram cia A= khot Lugng cia Aﬁ x 100%

khér luong ctia méu

A: chat cAn dinh hugng.

Thi du: Dé xac dinh lugng piperazin cé trong san pham thudng mai, ngudi ta
¢6 thé tao ttia piperazin diacetat bing acid acetic. Can san pham tao thanh, tinh
ham lugng cta piperazin tinh khiét.

Dé thuc hién ngudi ta cdn mét lugng mAu 0,3126 g hoa trong 25 ml aceton,
thém 1ml acid acetic. D& yén 5 phiit, sau d6 loc tla, ria bing aceton, sdy khd &
110°C, dem cén thu duge mét lugng 0,7121 g. Tinh ham lugng phin tram cua
piperazin 7

Giai
F4 Ay +" ‘+ -
HN: :NH + 2CH;COH —— H,N NHy(CH3;COO05 ),
Piperazin Acid acetic Piperazin diacctat
M =86,137 M = 60,053 M = 206,243

Phén tu lugng cua piperazin: 86,137 g
Phan tu lugng cua acid acetic: 60,053 g
Phan tit lugng cta piperazin-diacetat: 206,243 g

Theo phuong trinh, mdt mol piperazin sé& tao ra mét mol san pham, s6 mol elia
san pham tao thanh:

56" mol cua san phdm tao thanh = 07121 3,453 x 107° (mol)
206,243
Khéi luong ciia piperazin = 3,453 x 107° x 86,137 = 0,294 (g)
0,294 g

Ham luong cua piperazin = x100 = 95,14%.

0,3126 ¢

5.1. Phuong phap cit hay tach

Khi x4c dinh tric tiép, cac san pham dé bay hdi thudng dudge tach ra dudi dang
hop chit bay hoi ¢6 thanh phan xac dinh. Cac tinh thé hydrat bi phan hiy tach ra
nude, cac carbonat bi phin huy tao thanh CO,... Vi vay ngudi ta tinh lugng chat
can xac dinh theo su téng khéi lugng cua bd phan hap thu. Ham ludng phén tram
cua hgp chit bay hoi duge tinh xudt phat tiy ty 18 tuong tng.

C%(A) =2 x 100
a
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p: khéi ludng dang can chit can xac dinh theo su gia tang khol lugng cha chat
hap thu.

a: luong can cua mau.
5.2. Phuong phap lam két tua

Ham lugng phan tram cta chit can xac dinh dudc tinh theo céng thite sau:

MAau ban diu la chit ran. Véi a gam mau A, sau khi két tha, khéi lugng dang
can thu duge 1a p gam.

C% (A) = £ x Fx100
a

F: thita s6 chuyén (thia s phén tich)

m, n: s§ mol ctia chit A va chit cin xac dinh.

M,: khéi lugng phan tii cia chit cin x4c dinh.

Mp: khéi lugng mol etia dang can.

F: hé s6 chuyén, dung dé chuyén tir khéi hugng mol dang can sang khéi ludng
nguyén t6 can phan tich.

Thi du:

M6t chat tay ria thudng mai chita phosphat c6 khéi lugng 0,3516 g. Ngudi ta
pha hiy cic hop chat hitu co bing cach dun néng-dén dé. Can thu duge cho tac
dung véi HC] dé chuyén P thanh H,PO,. Ion POE_ tao thanh phan ting véi Mg?"
va NH,OH dé cho két tua MgNH,PO,.6H,0. Tua nay sau khi loc, rlia va nung
chuyén thanh dang cin 1la Mg,P,0, (M = 222,57 g) ¢6 khéi lugng can 0,2161g.

Hiy tinh khoi lugng phan tram cua P (P = 30,974 g).

Giai

Trong 222,57 g Mg,P,0; thicé 2 x 30,974 g P

Vay trong 0,1261 g Mg,P,0, c6 P?

Khéi lugng cuia chit phan tich P dude tinh:

01261 x 2 x 30,974
me = — ‘ = 0,0601
P 992 57 ®

Ham lugng phén tram ctia P dude tinh bang cach ap dung céng thic:
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s, khéi Lo ¢
Ham luong phan tram cua A = f"' Long f”a AN x 100%
khér liong cua mau

0,0601
0,3516

% P = 100% = 17,09 = 17,10 %

3 day khai lugng cua chét phéan tich la P duge tinh bang cach nhan khéi ludng
ciia dang can v6i mot hing s6. Hing s6 nay dugce cau tao bdi chit can phan tich va
dang can. Hang s6 nay dudc goi 1a thita s§ chuyén hay y&u t& khéi luong, ky hiéu F

Nhu vay F dugce tinh:

2xMp  2x30,974
()

F =

=0,27833

Khéi uong P ¢6 thé dude vist

m(@P = khéi lugng dang can x m ] khéi lugng ch{:lt.l‘can phafl tich P
n khéy lugng mol chat ¢ dang can Mg, P»04

Mét phéan tu mol Mg,P,0; (n = 1) thu duge 2 nguyén ti P (m = 2)
2 30,974

1 222,57

m (g)P = 0,2161 x 0,27833 = 0,060147 = 0.0601 g P

m (g) P =

Mot mol Mg,P,0; (n = 1) thu dude 2 nguyén ti P (m = 2)

6. CAC GIAI DOAN CUA PHUONG PHAP PHAN TiCH KHOI LUONG
BANG CACH TAO TUA

6.1. Xac dinh lugng mau

Ham lugng clia dang cAn phu thuéc vao lugng chat nghién ctu. Lugng chit
nghién citu ¢6 anh hudng dén 46 chinh xac ctia su phén tich.

Lugng can chat phén tich cang 16n thi d6 chinh xdc cang cao, tuy nhién néu

lugng cén qua Ién gay bat 1gi trong qua trinh loe, riia. Ngude lai néu lugng can qua
nho sé dan dén sai s6 lén.

Lugng méu cin thiét dé lam két tua duge tinh tir phuong trinh cia phan tng
gitia chat cAn phén tich va thude tha.

6.1.1. Déi voi két tiia dang tinh thé

Lugng mau can thiét duge tinh theo céng thic:
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M khé1 lugng mol cua chit can xac dinh

Mp: khéi lugng mol cua dang céan

m, n: hé s6 caAn bang clia phucng trinh phan tng

0,5: tim duge bang thuc nghiém, ap dung cho cac két tha tinh thé

Thi dy: Dé tinh lugng Ca®* trong CaCO, bing cach tao tla CaC,0,, ngudi ta
tinh lugng mau cin thiét ean cii vao phudng trinh phan ng:

" H+ 24 C‘go.iz_ tn
CaCOy ——— Ca”" —=L— CaC,0, —— Cal
M 1 Al
g = 1 o CalOy 0.5 = 1_00,1 £ 0.5
1 Mg 56,1
a=0,89¢g

6.1.2. Déi v6i két tita dang vé dinh hinh

M
a= mL A 0,1
n MB
Thi du: Tinh lugng mAu can thiét caa Fe(NO,),.9H,0 khi tién hanh phan tich
khai lugng. Biét riing dang can l1a Fe,O,.
Giai

Phuong trinh phan tng 6 thé vist nhu sau:

M T
a = 2 L Fe(NOy), 90,0 1= 80_8,01 X 0.1
1 MF{’QO-; 159,7

a = 0,50(g)
6.1.3. Chuyén mau vé dang hoa tan
Cac phan 1ing thudng xay ra trong dung dich, do dé mau thi phai duge hoa
tan trong dung méi thich hgp trude khi cho tac dung v6i thude thu tao tua.
Can chu y dén cac yéu té anh hudng nhu ciu tao chit, nhiét d6, méi trudng.

Thi du trudng hop chit khoéng tan trong nude d nhiét dé thuong, cin dun néng
bing cach cach thity hay chit tan dugde khi ¢6 sy hién dién cua acid. ..
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6.2, Thudc thu
Thuéc thit gbm thude thu tao tia vé co va hiiu co.
6.2.1. Thudée thit vé co

Cac thudc thit nay tao véi chit cAn phan tich thanh ciac mudi hoéc cac oxit rit
khé tan. Thudc thi v6 ¢d tao tia chon loc nhung khéng dic hiéu.

Mét s6 thude thit vo co

» Tao tla cac cation vé co. Cac cation vb cd thudng duge két tua dudi dang

cromat, halogenid, hydroxyd, oxalat.

Thudc thu dung tao tua cac cation vo co

Chat phan tich Thudc thir Dang tua ) Dang can
Ba?* (NH,),CrO, BaCrQ, BaCrQ,
Pb?” K,CrO, PbCrO, PhCrO,
P2 H,SO, PbSO, PbSO,
Ag” HCI AgCl AgCl
AP NH, Al(OH), ALO,
Be?' NH, Be(OH), BeO
Fe* NH, Fe(OH), Fe, 0,
Ca?* (NH,),C,0, CaC,0, CaCO, hay Ca0
Mg (NH,),HPQ, NH,MgPQ, Mg, .0,
Zn2 (NH,),HPO, NH,ZnPO, Zn,P,0,
s KH,PO, SHPO, Sr,P,0,

¢ Tao thia cac anion vé co

Mt s8 anion vé o c6 thé duge két tlia bang cach stt dung cac phan {ing diung
trong tao két tia cac cation nhu bang trén, chi d6i ngude chdt phan tich thanh
chAt tao két tua (thude thi).

Thi du nhu ion cromat cé thé dude xac dinh bang cach cho tac dung véi dung

dich BaCl,. Ngoai ra con ¢6 thé su dung cac thudc thit sau:
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Chat phan tich Thudc th Ijang taa Dang can
“CN_ AgNO, AQCN AgCN
5 T Agno, Agl Agl
Br’ AgNO, AgBr AgBr
CI AgNQ, AgCl AgCl
cio; FeSO,/AgNO, AgCl AgCl
SCN- SO,/CusO, CuSCN CuSCN
S0 BaCl, BaSO, BaSO,

6.2.2. Thuée thuz hitu co

Thude thi hitu ¢d c¢6 tinh chon loc cao hon thude thit vé ¢d, Thude thi 6 hai
loai, loai tao véi chit phéan tich thanh ch&t khéng ion hoa, rat it tan goi 13 cac hop
chit két hop, loai thd hai tao thanh cac chat trong dé ¢6 lién két gitia chat vo co
v6i thude thit 1a lién két ion.

Mét s6 thude thit hitu co

L, Chat can >
Thuac thu ? i Dang tua Dang can
phan tich
Cupron cu® CuC,H,,O,N CuC,H,,0.N
Dimetylgiyoxim Niz Ni{C,H,O,N,); Ni{C,H-O,N,),
Natri tetraphenylborat R
K K[B{CsH:)l4 KIB{CsHs)l;4

Na(B(C:Hs)l,
Cupferon Fe Fe(CyHN,0,), Fe,0,
1 — nitroso — 2 - naphtol Co? Co(C,,H:O,N), Co hoac CoSO,

Ngoai ra ¢6 nhiéu thudc thi phan dng mét cach chon loc véi ciac nhém chue
hitu cd, ¢6 thé dung dé dinh lugng cac hgp chit nay bang phudng phap phan tich
khéi lugng. Cac chat nay cang co thé dung trong phuong phap phan tich thé tich
va phuong phap quang phé.
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Thuéc thy Nh:;:‘ ‘::; TIT:‘ cd Dang can
Dinitro—2,4—-"“;;hény|hydrazin C;rb:anyl RCHC .I-:-\;—-CH=NN HCEH3(NOZ)2
Quinoléin E‘;rbonyi tham ArCHO CO?f
Metyl iodid/Ag” !‘I Me_th.oxy ROCH,, ethoxyROC H, | Agl _
BaCl,/HNO, A. sulfamic RNHSO,H BaSQ,

”Sn" —‘ Nitre tham RNO, Sn*
Cu” Hgp chét azo Cu®

6.3. Su két tnaa

San phim ly tudng clia mot phén tich khai lugng 1a khéng tan, dé loc, dé lam
sach va ¢6 thanh phan xac dinh. Mic du ¢6 it chdt dat nhing yéu cdu nay, néu st
dung nhiing ky thuat thich hop ciing c6 thé dap ing duge. Thi du mét tua cé dd
tan giam khi trong dung dich lanh vi tinh tan cua hau hét cac hgp chat déu giam §
nhiét do thap.

Cac tiéu phan cla chat két tua phai di 16n dé c6 thé tach dé dang khi loc,
khéng duge qua nhé dé lam téc loc hoae di qua gidy loc. Kich thuée ta 16n han ché
dude s bam cac chat la 1én tua. Ngoai ra, tua con hién dién ¢ dang hén tucng keo,
kich thuée cac tiéu phan trong khodng 1 — 1000 nm qua duge hau hét cac loc.

6.3.1. Cac yéu cau déi véi dang tia va dang cin

 Dang tua

— Tua phai ¢6 d6 tan nhd dé tha duge hoan toan.

— (6 d6 tinh khiét cao, it hAp phu hay lan chit ban.

— Tua can cé tinh thé 16n dé it bi tan trong qua trinhloc, rua.

— Tua phai chuyén sang dang cin mét cach dé dang va hoan toan.

e Dangcan

~ Dang cdn phai bén vé1 méi trusng, khéng bi hiat 4m, khéng bi pha hiy.
- Phadi cé cong thic xac dinh dé tinh F dung.

~ Thita s6 chuyén F ting véi dang cin cing nhd cang tét.
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Thi du: dé xac dinh Cr ** (Cr = 52) trong mo6t mau, ngudsi ta ¢ thé st dung hai
dang ¢an Cr.O, va BaCrQ,-

Dé ¢6 thé chon dang can thich hgp nguoi ta tinh F:
2Cr 2x52
=T =222 107
(JJrQO«3 152

Cr,04cho F =

Cr _ 52
BaCrO4 258,4

BaCrO, cho F =

Gia sti khéi lugng ciia Cr,0, v BaCrO, thu duge 1a nhu nhau bang 1 mg. Sai
56 ddi véi Cr ¢ dang BaCrO, nho hon so v8i dang Cr,0, la% = 3,5 lan.

P

So sanh 2 gia tri cua F, ngudi ta thay 0.2 nho hon 0.7 do dé dang cin duge
chon la BaCrQ,.

6.3.2. Chon thudc thit va luong thuéce thi

Cac véu cau dél véi dang tua va dang can anh hudng dén yéu ciu déi vdi chit
lam két tua (thude tha):

e Yéu cau chon thude thit: Ly tudng nhat, mdt thude thi tao tua khéi lugng
phai tac dung mét cach dic hiéu hay it nhit mét cach chon loc v6i chit cin phan
tich. Trén thuc té, cac thude thu chuyén biét hay dac hidu chi phan ng véi mot
loai chat hod hoc thi rat hidm. Cac thude thii chon loc €6 thé tac dung véi véi mét
s8 giéi han loai chat hoA hoc phd bién hon. Thi du nhu AgNQ, la thude thi chon
loc vi tao tua vd61l ion Cl, Br, I va SCN trong moéi trudng acid. Trar lai
dimetylglyoxim 14 thudc thi chuyén biét vi chi tao két tua véi Ni*' trong méi
truong kiém.

Thude thu tac k&t tua ly tudng vi tinh chuyén biét hay tinh chon loc phai tac
dung véi chit ciAn phan tich dé tao ra san phdm cé tinh chat sau:

a) Dé loc va dé rmia dé loai cac chit nhiém ban.

b) Cé do tan thap di dé khong mat tha mét cach dinh lugng khi loc va ria.

¢) Tro vél cac cau tu cula mdil trudng.

d) Cé6 thanh phan xac dinh sau khi lam khd va sau khi nung (néu can).

+ Luong thudc thit. Dé dam bao két tua dude hoan toan chit cAn phan tich,
luong thude thi sé dude cho vdi luong du tir 10 — 15% se vdi huong dude tinh tu
phan Gng. D61 v61 nhiing thude thi cé tinh bay hdi, ludng thude thi gap 2 — 3 lan
so véi ly thuyét.
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Chii ¥: Trong mdt s6 trudng hop, lugng thita thude thit cé tic dung lam tan tua
tao thanh.

Thi du: Dé dinh lugng ion Hg*', ngudi ta st dung K1 dé tao két tha Hgl,.
Nhung vdi lugng KI du Hgl, sé tao phac K,[Hgl,] tan:

Hg“* + K— Hgl, | +KI thita —» K,[Hgl,] tan

6.3.3. Cdc yéu t6 anh huong dén qud trinh két tiia

Trong giai doan tao két tua néu dung dich dam déc sé hinh thanh cic két taa
¢6 tinh thé nhd. Trai lai d6i véi cac tha vo dinh hinh, sy ting néng dd s& dan dén
su chuyén cac dang keo khéng bén sang céac két tua.

Trong qua trinh tha duge hinh thanh thuong kém theo chat ban. Nguyén nhan
ctia su lam ban ta 1a sut cong két.

Cong két 1a hién tugng khi két tua ldng xudng mang theo cic tap chat khac
ma trong diéu kién riéng lé thi cac tap chit nay khéng thé két tua dude.

Thi du: FeCl; khong taa véi H,SO, nhung néu két tua BaCl, bang H,SO, véi
su ¢6 mat caa FeCl, thi bén canh tua BaSO, cé 1an ca tua Fe,(30,);. Sau khi nung
Fey(S0,), s& chuyén thanh Fe,0, ¢6 mau d6, lam tua BaSO, ¢6 mau.

Sy cong két c6 nhiéu nguyén nhan khac nhau, ngudi ta phéan biét 3 dang cong
két: hdp phuy, hap luu va ndi hap. Ngoai ra su hau tiia ciing 1a nguyén nhan giy
bin tua.

» H4p phu (adsorption)

Hép phu 1a hién tugng cac ion hodc cac phan tii chit ban trong dung dich bam
dinh 1én bé mat tita mdi tao thanh. Tinh thé cang nhd hap phu bin cang nhidu.
Néng db chat ban trong dung dich cang 16n, su hidp phu cing manh va nhiét do
cang thap ban cang dé bi hdp phu lén bé mit tua.

Hap phuy Ia mét hién tugng thuan nghich vi cing tao ra su giai hap phu. Sy
hién dién dong thdi cta 2 hién tudng d6i nghich nay din dén mét trang thai can
béng déng, ngudi ta goi la can bing hap phu.

Trong trudng hdp nay, ¢6 thé xii Iy bing cach tao tinh thé 16n néu la tia tinh
thé va thudng c6 thé loai bd ban bing cach rua.

» Hap luu (Occlution) 1a su gidt cac tap chat tan trong méi trudng vao bén
trong tua do tda tao thanh qua nhanh, cac tinh thé méi tao thanh ¢ thé boc 1y
chat ban 6 phia trong. Hap luu chi xay ra d6i véi tia tinh thé.

» No6i hap (Inclusion) 1a hién tugng ma céac ion tap két tla vao cae tinh thé ludi
cua tua tao thanh tinh thé hén hgp. Hién tudng nay xay ra khi cac ion cia tap ¢6
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cting kich thude va cung dién tich véi tia do tao thanh cac ion dong hinh. Ngoai ra
hai mudi nay con phai ¢6 cling 16p tinh thé. Thi du ttia BaSO, dude hinh thanh khi
thém dung dich BaCl, vao dung dich chiia ion sulfat, ¢6 sy hién dién cua chi.
Nhiing ion chi thay thé mét phin ion bari trong tinh thé tao thanh tinh thé hén
hop véi BaSO,. Su tao thanh tinh thé hén hgp nay rat khé tranh khi mét s6 ion
két hop hién dién trong mau. Trudng hop nay ciing xay ra déi vdi tua keo. Bién
phép tét nhat 1a chon thude thi khae khong gay ra su tao thanh tinh thé hén hop.

e HAu tua (posprecipitation)

Hién tugng nay xay ra néu dé tua tiép xic lau véi dung dich, thi du nhu tha
HgS néu dé tiép xuc lau trong dung dich c6 chia Zn*, mac di méi trudng acid
manh van ¢6 thé xuit hién tia ZnS trén bé mit cua HgS. Thudng hay gip nhat 1a
tua CaC,0, ¢é hau taua 1a MgC,0,.

6.3.4. Tao két tiia

e Vi tha tinh thé. Nhiéu tua tinh thé nhu BaCrQO,, BaSQ,, CaC,0,... thinh
thodng thu duge dusi dang nhiing tinh thé rit min c6 thé qua dudge 18 loc giy ra su
mAt khéi ludng cua dang tia trong qua trinh x 1y. Hién tuong ban tha la mét
trong nhiing yéu t6 ngan can su két taa.

Pé han ché cac yéu td anh hudng dén két qua phan tich, viée tao cic két tua
tinh thé can tudn theo cac diéu kién sau:

— Tién hanh két tha vdl dung dich méau va thudc thu loang.

— Thém dung dich thuée thil vao cham va khudy trong qua trinh tao tia.

— Thuc hién két tha véi dung dich chat két tua & nhiét d6 cao.

Trong mét s& trudng hgp, can thém vao chit lam ting d6 tan va tranh hién
tugng cong két.

Thi du tao tia BaSO, ngusi ta thém HCl dé gidm tha phu BaCO, va giam
cong két Ba(OH),.

Chu ¥ thai gian dé tranh ban do hau tia

» V61 tua vé dinh hinh. Cac két tiia v6 dinh hinh ¢6 khuynh huéng hap phu va
tao thanh dung dich keo, do dé khi két ta, can tién hanh tia tit dung dich néng
va ¢6 mat cia chat dién ly. D& ngan can hién tugng hap phu, nén tién hanh taa ti
dung dich dic, khuidy manh va sau khi tia hinh thanh, tién hanh loc, rua tua
bing nude néng. Khong nén dé tua tiép xic véi dung dich mét thdi gian dai.
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6.4. Loc va rira tia

Loc va rua tua la 2 ky thuit rat quan trong trong phuong phap tao thanh két
tua. Sy chinh xdc cua két qua phuy thude vao thao tac d giai doan nay.

6.4.1. Loc tua

Loc la giai doan tach két tua ra khoi dung dich tao tiia. Tuy theo hiong tda va
cach chuyén ti dang tha sang dang cin, ngudi ta c6 thé sit dung dung cu loc thich
hgp nhu gidy loc hay phéu loc.

» (Gidgy loc

Dé loc Jay tua ngudi ta sii dung gidy loc khong tro. Gidy loc nay sau khi dat
chay va nung, dé lai khéi lugng tro riat nho, ¢6 thé bé qua.

Giay loc khdng tro c6 d§ min khac nhau. Tuy theo kich thude clia cic hat két
tua, ngudi ta st dung cac loal gidy loc mong hay day, duge phan biét bing mot dai
bang ¢6 mau bao chung quanh hép gidy loe. Gidy loc bang d6 duge ding trong
truong hgp loc cac két tia dang keo vé dinh hinh. Dé loc phan lén cac két tha, ¢b
thé sit dung loai bang mau tring ¢é d6 min trung binh, cudi cung loc cac két tua
tinh thé nho nhu BaSO, hay CaC,0,, ngusi ta dung gidy loc min nhit (bang mau
xanh bién).

Khi tién hanh loc, diéu quan trong nhit 14 phai chd y dén luong tta can loc dé
chon kich thuée cua gidy loe phu hgp. Taa khéng dude chiém hon 1/3 chiéu cao ctia
gidy loc d€ dam bdo tiia sé ducc ria sach sau khi loc.

e Phéu loc

Phéu loc x6p hién nay duge ding phé bién trong cAc phong thi nghiém. Phéu
loc 1am bang si1, loc dudi ap suat giam. Loai loc nay chiu dude nhiét d6 cao nhung
lai ¢6 nhude diém 1a hit am.

6.4.2. Rita tua

Muc dich ctia rifa tia la dé loai cac chét ban bam trén bé mit ctia két tia. Cac
chat ban hap phu nay & trang thai can bing véi cac ion tuong tng trong dung dich.
Vi vay khi ria, ngud ta ria bing nude hay mét dung dich nao dé6 ma néng do cta
ton coi nhu bang 0, hién tugng giai hap phai troi hon hién tugng hap phu dé tia
loai duge cac chat ban va cudi ciing thu dugde mot két tiia tinh khiét.

Khi rita tua can phai biét loai dung dich ria thich hgp déi véi két tiia. Neusi
ta phéan biét 4 loai dung dich ria:

a) Rua bang dung dich cta chit tao két tua. Rat it két tua thu dudge ¢6 do
tan du nhé dé ngusi ta cé thé bo qua khéi lugng tia bi mit trong qua trinh riia
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tiia. Phan 1én trugng hop lugng tiua bi mat do rita vugt qué gidi han cia sai 6 cho
phép. Dé han ché su mat nayv, két tta sau khi dude tao thanh sé& dude ria bing
dung dich loang cta chat tao taa. Thi du dé riia 0,1 g tiza CaC,0, thu dude, néu
ditng 200 ml nude dé ruia thi lugng tua bi mat 1a 1,3% trong khi néu riia tia bang
200 ml dung dich (NH,),C,0,,0,01M, lugng tua bi hao hut 1a 0,0067%.

Ch&t tao tua thém vao phai la chat bay hai dé luong thita ctla chit nay ¢6 thé
bi loal sau khi nung.

b) Rita ttia bang dung dich chat dién ly. C6 nhiéu chit két tia khi ria véi
nudc sé tao hién tugng pepti hoa, trd thanh dang keo va di qua duge loc nhu
truong hop caa tua AgCl (AgCl: Ag'....NO,"), ngudt ta xii 1y bang cach ria tiia keo
nay vdi dung dich ¢é chita chat dién ly bay hoi dé 6 thé loai sau khi nung nhu
HNO, hay NH,NO,.

c) Rlta tiia bang dung dich ngian can sit thuy phan. Déi véi cac két taa
khi riia bang nudc sé xay ra hién tugng thuy phan, diéu nay dua dén viée dang cin
thu dudc khong con 1a hgp chit ¢6 thanh phan xac dinh niia, ngudi ta ria tia bing
mét dung dich cé tinh chAt ngan cdn sy thuy phan. Thi du tua MgNH,PO, néu riia
v6l nudc, hién tugng thuy phin xay ra theo phan tng: |

MgNH,PO, + H,0 - MgHPO, + NH,0H

Néu ding nuée riza 1a NH,OH, can bing sé dich chuyén vé bén trai, 1am giam

su thuy phan. NH,OH bi loai dé dang sau khi nung két taa.

d) Rita tda v&i nude don thuin. Ap dung déi véi cac két tua khi ria véi
nude, sut mat tua khong dang ké. Trudng hgp nay can dé y dén nhiét dé cla nude
ria, néu taa tan trong nude néng thi phai rita tha bing nude lanh.

6.5. SAy va nung

Sau khi loc, ngudi ta sdy tua cho dén khéi lugng khéng déi. Su siy ¢é tac dung
loai dung méi va tit ca cAc chét co thé bay hoi. Nhiét d6 va phuong phap siv phu
thuéc vao phuong phép loc va dang tua thich hgp. Trong mot sé truéng hop ngust
ta nung san pham dé chuyén thanh dang can ¢6 thanh phan xac dix_lh.

Nhiét dé déi hoi dé thu duge san phiam thich hop tuy thuéc vao cic chat két
tha. O nhiét d6 110°C, dit dé loai nude va chit chit bian dé bay hoi. Dé sdy san
pham ngudi ta c6 thé diung ti sdy, dén Bunsen hogc dén Meker.

Hinh 5.2 cho thdy su mat khdi lugng theo nhiét dd cia mdt vai chat két tua
théng dung nhu bac clorid, calel oxalat va nhom oxit. Su sdy cua 3 tua nay don

gian la dé loai nudc va cac chit ban dé bay hoi bam vao tua. Nhiét d6 su dung rat
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khac nhau dé tao ra mét tda khan c6

khéi lugng khéng doi. Déi véi bac ~—Aqdl

clorid, nhiét 46 cén dé loai nude hat Am ' = BaSo.

Ja trén 110°C trong khi dé loai nuéc _

hoan toan nhu truéng hgp cia nhém 2

oxit, nhiét dd phai trén 1000°C. g L0 XH,0
Puong bidu dién nhiét khéi lugng l‘oé \-’-\Iﬁa

ctia calei oxalat kha phic tap. Dudi e

185°C, mét phén ti nude bi loai dé tao ] -

thanh CaC,0, H,0. Hgp chit nay sau CaC,0,

d6 chuyén thanh oxalat khan & 225°C. Pac,0, ™" \C20

Su thay do6i d6t ngdét vé khd lugng ¢ 0 200 40%&%?62?%1000 1200

nhiét dd 450°C cho thay 1a c6 sy phan
hiy calei oxalat thanh calei carbonat  Hinh 5.2.Tac dung cla nhiét do |&n khoi
va monoxyt carbon. Nic cudi cung cua Iwgng tla
duong biéu dién tucng tng véi su bién
d6i calci carbonat thanh calei oxit va CO,. Nhu vay, khi dinh lugng Ca®* bang
phuong phap phan tich khdi lugng vdi tua oxalat, ban chdt cua dang cin phu
thuée nhiéu vao nhiét do.

Khi nung két tia gidy loc chay thanh than, than tao thanh ¢ thé khit mot sé
chit khi nung. Trong trudng hop nay cin phai dung phéu loc st thay cho gidy loc.

6.6. Can

Giai doan x&c dinh lugng can thu duge. Dang can da dude sdy va nung dem
cdn trén can phan tich.

Luu ¥ diing can phén tich cAn duge dén 0,1 mg.

7. UNG DUNG

7.1. Xac dinh nudc két tinh va hat Am

Duge dién Viét Nam IIT ¢6 tidu chuidn "Giam khéi lugng do sdy kho" trong cac
chuyén luian dé xac dinh nuée hut 4m hodc cd nude hiit Am va nudc két tinh véi
nhiét dé nhu sau:

105°C + 5°C: Nhiét d6 thich hgp dé xac dinh d6 Am.

120°C — 200°C: Nhiét dé thich hgp dé loai nudc két tinh.

Dé tinh k&t qua, ap dung céng thic:
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P1 ~P2
P1

% (k¥/kl) H,O = x 100

Thi du: Duge dién Viét nam III, trang 39 ¢6 chuyén luan Cafein ngam mét
phan tit nude (CgH,,0,N . H,0), ¢6 phan ti lugng 12 212,21. Pem sdy ¢ 80°C, dén
khéi lugng khéng ddi, nude hit &m va nuée két tinh mat di. Cin mau trude va sau
khi sdy roi tinh ra ty Ié phan tram khéi lugng bi giam.

Tinh theo dung cong thic thi ham lugng nude két tinh trong cafein 1a 8,48%
nhung vi ¢6 nude hit 4m nén Dude dién cho phép t6i da 1a 9%.

7.2.X4c dinh ham lugng Ba® hay SO%
7.2.1. Nguyén tdc
Dé tao thia BaSO, dung dung dich H,S0, hay mudi sulfat néu méu la Ba®".
Dung dung dich BaCl, néu méu la SO?I_ .
7.2.2. Cdach tién hanh
— Can mau.
— Chuyén méu vé dang hoa tan.
Thém dung dich thude thii ¢é néng d6 thich hgp da dun néng két hop khudy.
Dun cach thuy.
Pé yén cho tlia két tinh loc.
Riia tia bing nudc néng.
Nung — cin — tinh két qua.
7.3. Dinh lugng clorid, bromid va iodid
7.3.1. Nguyén tdc

Cho dung dich AgNO, vao mét dung dich chita ion Cl', Br , I sé thu dugc cac

t1ia bac halogenid. Riia taa, sdy va cAn — k&t qua.

Thi du: Dinh luong NaCl ¢6 trong dung dich miu. NaCl phan tng véi AgNO,
theo phuong trinh: ‘

NaCl + AgNO,; —» AgCl + NaNO,
7.3.2. Cach tién hanh

Thém nude vao mau, thém HNOQO,. Cho dung dich AgNO,, khuidy manh.
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Dun cach thuy réi dé yén trong béng téi.

Loc va rita tha trude tién bing dung dich HNO, sau dé bing nude néng.
Say tua va tinh két qua.

7.3.3. Nhan xét

Sy thia 6 nhiét dd < 130°C.

Tua bac dé bi phan huy, tranh anh sang.

Tua AgCl dé bi hap thu Ag" tao ra 16p dién kép trong trudng hop trong dung

dich ¢6 lugng thita AgNO; — thém HNO, — ion NOj; pha lop dién kép.

T khoa
-- Phén tich khéi lugng - Noi hap
— Phuong phap cit — Hau tna
— Phuong phap lam két taa — Loc tua
- Hap luu — Rua tua

CAU HOI LUONG GIA

1. Néu nguyén tac cia phuong phap phan tich khéi lugng.
2. Phan loai cac phuong phap phan tich khéi lugng.

3. Trinh bay cac giai doan tién hanh phan tich khéi lugng. Néu cach tinh

két qua.

4. Ké vai ing dung cita phuong phép phan tich khéi luong.

5. Néu nguyén nhén lam ban tta va cach xu 1y.

CAU HOI TRAC NGHIEM
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1. Bé1 tugng ctia phuong phap phan tich khéi lugng la

a. chat ran

b. chat long

c. chat long va chat khi

d. chat ran va chat long

e. chat ran, chélt long va chat khi

2. Phudng phap phan tich khéi lugng dua viao su do chinh xac:

a) thé tich cia chat ran cdn xae dinh.



b} khéi lugng ciia chat rédn ¢dn xace dinh.

¢) khéi luong don chat duge tach ra tir méat hon hap rin.

d) khoi luong hop chat ¢6 thanh phan khong dai.

e) khéi ludng ctia chat ran cin xdce dinh hodic thanh phan ctia né dude tach ra d
dang tinh khiét hay hgp chit c6 thanh phan xac dinh.

3. Phuong phap ap dung khi méau duge lam bay hoi & nhiét dé thich hop, khi
bav ra dugc hap thu bing mdt chit da biét trude khoi lugng dude goi 1a phuong

phap
a. tach c. két tua e. dién trong lugng
b. cit d. tro

4. Phuong phap két tta 13 phuong phap dua trén nguyén tic 1a mau
a) tac dung véi thuéc thii tao chat it tan.

b) bi bién d6i thanh cian khi tiép xde véi nhiét.

¢) duge tach ra dudi dang tu do hay hogp chit bén.

d) dugc tach ra va ba dién cuc.

e) dugc tach ra va bam vao hén hgp véi xiit.

5. Biéu thi k&t qua trong phan tich khai lugng thusng dude tinh theo
a) P (g/])

b) C% (kl/ kl)

¢) ham lugng phan tram dang tia theo khéi lugng mau.

d) ham lugng phan tram dang can theo khéi lugng mau.

e) ham lugng phan trim cta chit tach ra duéi dang tu do theo khéi
ludng mau.

6. Lugng thudc thi can dung phai cho thita..........o....ooo . so vdi tinh toan
theo 1y thuyét |a

a.5-10% c. 15— 20% e. 25 - 30%

b, 10 - 15% d. 20 -25 %

7. Ban tua thudng gip trong két tia vé dinh hinh 1i do hién tugng

a. cong két. - c hip phu e. n6i hap.

b. hap thu. d. hap luu.
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Chuong 6
PHUONG PHAP PHAN TiCH THE TicH

NOI DUNG

1. MO PAU

| Ngusi dit co s cho phuong phap phan tich thé tich 1a nha béac hoc L.J. Gay —
Lussac (Louis — Joseph GAY — LUSSAC) 1778 — 1850.

Phuong phap chuéin d6 thé tich 1a phuong phap phén tich dinh lugng trong dé
chti y&u 1a su do chinh x4c thé tich ctia dung dich ¢6 néng d6 xac dinh cin thiét dé
phan {ing hoan toan véi chat phan tich.

Su chuén d6 dude thuc hién bing cach thém ti ti mét dung dich chuén vao
dung dich ctia chit can phan tich biang buret cho dén khi ngudi ta nhan thay phan
ling giita chit chudn va chit phan tich xay ra hoan toan. Thé tich ctia thudc thii
dung trong dinh lugng dude x4c dinh bing su chénh léch thé tich ctia chit chuin
gitia hai giai doan, ddu va cudi phan tng.

Phuong phap thé tich dudc stt dung réng réi trong phan tich vi nhanh chéng
va don gian.

2. MOT VAI KHAI NIEM CHUNG VE PHUONG PHAP PHAN TiCH THE
TiCH

2.1. Pinh nghia
2.1.1. Diém tuong duong '
Su chuén d6 dat dén diém tuong duong la khi tai diém dé6 lugng chat chuin
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thém vao tuong ducng hoa hoe véi lugng chit phén tich ¢é trong mau.

Thi du: Trong su chuén d6 natri clorid bing bac nitrat, ngudi ta dat dén diém
tuong duong sau khi thém chinh x4c mdt mol ion bac cho méi mol ion clorid hién
dién trong mau.

NaCl + AgNO;,—» Ag(Cl + NaNO,
1 mol 1 mol

Diém tuong ducng la mét diém ly thuyét, khéng thé xac dinh bang thuc
nghiém.

2.1.2. Piém két thiic

La thoi diém gay ra sy bién déi tinh chat vat 1y hay sy déi mau eda chit chi
thi. Thudng c6é su sai biét vé thé tich hay khéi lugng giia diém tuong ducng va
didm két thiic, ngudi ta goi la sai s6 trong chudn d6. Trong cac phucng phap thé
tich, sai sd trong chuan d6 E, duge xac dinh:

E =V~ Vi,

Veg: thé tich ly thuyét cta thudc thi cin thiét dé dat dén diém tudng duong.

Viin: thé tich that sy s dung dé phat hién diém két thic cha phén tng.

2.1.3. Chdt chudn hod hoc bdc mét (so cép)

Hop chéit cé dd tinh khiét rit cao duce ding lam chit gée trong cac phuong
phap thé tich va phuong phap khéi luong.

Tinh chinh x4c cua phuong phap phu thudc vao cach danh gia chit lugng cua
hop chit nay. M6t chit chudn bac mét phai dat cac tiéu chudn sau:

D6 tinh khiét cao 99,95%

Tinh 6n dinh trong khéng khi.

Khoéng ¢6 nude hydrat hod dé thanh phan chit rin khéng thay déi khi cé su
thay doi dd 4m tuong déi.

C6 tinh tan t6t (thich hop) trong mai truong khi thue hién chuian do.

Khéi lugng phan ti tuong d6i cao dé han ché sai sd tuong d61 khi cAn miu (sai
58 <0,1%).

Trén thuc t& chi ¢6 rat it hop chat dat dude cac tiéu chuan trén.

Thi du:

— Kali naphtalat (M = 204,22 g), mudi luén luén 6 dang khan, chi chiia to1 da
0,003% nudc.

KHCO, (M = 100,11 g)
Acid benzoic CgH;COOH (M = 122,15 g)
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2.1.4. Chét chudn hod hoc bdc hai (thit cdp)

Hgp chit ¢ d6 tinh khiét phai duge xac dinh béing phan tich hoa hoc.

Thidu:

— Natr1 borat ngam 10 phéan tu nudc Na,B,0,.10 H,O (M = 381,24 g). Trude
khi pha thanh dung dich chuin cin siy san phdm & nhiét dé tir 170 — 440°C trong
1 gigG.

Acid oxalic ngdm 2 phéin ti nuée C.H,0,.2 H,O (M = 252 g).

2.2, Cac dung dich chuan

Dung dich chuin 1a mét thude thit ¢6 ndng dé bist trude duge ding dé chuin

d6 trong cac phuong phap phan tich thé tich.

Cac dung dich chuan gilt mét vai trd chli yéu trong tit ca cac phuong phap
chudn d¢, vi vay can thiét phai kiém tra nhiing tinh chit cAn phai ¢6 trong dung
dich, cach pha va biéu thi ndéng dé cta cac dung dich nay.

2.2.1. Piéu kién ciia mét dung dich chuéan

Dung dich chuén ly tuéng phai dat céc tiéu chuin sau:

— Du bén dé khéng phai xac dinh lai ndng d6 sau khi pha.

- Tac dung nhanh véi chit can phan tich.

— Phan ting phai hoan toan dé dat dude diém két thie dung.

2.2.2. Phuong phdp xdc dinh nong dé ciia mét dung dich chudn

Phuong phap phan tich thé tich chinh xAc khi néng d6 ctia dung dich chuan
chinh x4c. Cé hai phuong phap cd ban dé xac dinh néng dé cta dung dich chuan.

Phuong phap tryc tiép: Trong phuong phap nay, mdt lugng can chinh xac chat
chudn hod hoc bac 1 (so cip) dude hoa tan trong mét dung méi thich hgp va pha
loang trong binh dinh mitc dén thé tich chinh xac.

Phuong phap so v6i miu chudn (etalonnage): dung dich dung lam chudn duge
so bing cach chuan a6 véi

~ mot khéi lugng chéit chuan hoa hoce sg clp.
— mdt khél huigng chat chuan hoa hoc thi cip.
~ mét thé tich cia mét dung dich chuan khac.

Phan 16n dung dich ding lam chuan duge xac dinh néng dé bing phuong phap
nay do cac thube thit khéng dat dude tiéu chudn cia chit chudn hod hoc sd cip.

100



2.2.3. Cdch biéu thi nong dé ciia cdac dung dich chuén

Néng d6 ctia dung dich chuin thudng dude biéu thi 12 néng dé mol va néng do6
duong lugng.

Néng dé mol cho biét sd mol ctia thuée thu chia trong mét lit dung dich.

Néng 46 ducng hugng biéu thi s6 dudng lugng gam ctia thuée thi cé trong mét
lit dung dich.

2.3. Cac phuong phap xac dinh diém tuong duong
D& xac dinh dém tuong ducng, ngudi ta sit dung chat chi thi hoa hoc hay chi
thi ly hoa.
2.3.1. Chat chi thi hod hoc
Chi thi 1a chat duge cho vao dung dich khi tién hanh dinh lugng. Su thay doi
vé pH, thé oxy hoa — khti... s& lam thay d8i mau caa chi thi.
Céc chi thi thudng ding trong phudng phéap phén tich thé tich:
a) Chi thi ndi: chi thi cho vao dung dich khi tién hanh dinh luong.
Chi thi mau: metyl da cam, phenoclphtalein.
Chi thi tao tua: kali cromat.
Chi thi tao huynh quang: fluorescein.
b) Chi thi ngoai: chi thi dé ngoai, ding dung cu nhu diia thuy tinh 1dy dung
dich rdi cho tac dung véi thude thit nhu trudng hop diing gidy tim hé tinh bét.
"Chi thi 6 thé la:
Mot chat: do metyl.
Hai chat: thude thii Tashiri (do metyl va xanh metylen).
Nhiéu chat: thude thit van nang.
2.3.2. Chi thi ly hod

Do su d6i mau cta dung dich bang phuong phap quang phé, phuang phap dién
hoa nhu do dién thé, do cudng dé dong dién hay do d6 dan dién.

3. PHAN LOAI CAC PHUONG PHAP PHAN TICH THE TiCH

Ngudi ta thuong dua trén ¢d sé phan tng dé phan loai cac phudng phap phan
tich thé tich.
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3.1. Phuong phap trung hoa

Phuong phap ding dé dinh lugng cac acid, base v mdt sd mudl trong médi
truong 1a nude hay méi truong khan. Phudng phap nay dua trén su trao déi
proton H*

Thi du: Dinh lugng acid hydrocloric bing natri hydroxyd
HCl + NaOH — NaCl + H,0

3.2. Phuong phap oxy hoa — khu
Dua trén phan iing oxy hoa — khi tudng ting véi su trao ddi electron giiia hai
chit: mat chit cho mét hodie nhiéu electron, chat thi hai nhan electron.
Thi du: Dinh lugng sét 111 clorid bang dung dich thiéc
2FeCl; + SnCly, — 2Fe(Cl, + SnCl,

3.3. Phuwtong phap k&t taa

Can cut trén cac phan ving giiia chat cin dinh lugng véi thude thi tao ra hop
chat it tan.

Thi du: phuong phap bac st dung thuéc thua bac nitrat dé dinh lugng cac
halogenid.

3.4. Phuong phap tao phite

Dua vao phan ing tao thanh phiic chat. Phuong phap complexon duce st dung
phé bién dung dinh lugng cac ion kim loai nhu dinh lugng calci v magnesi trong
nudc véi thude thir 1a EDTA.

4. KY THUAT CHUAN PO

Ky thuit chuan dé trong phuong phap thé tich néi chung rit don gian. Ky
thuat thuong chi can do thé tich cta cac dung dich véi nhitng dung cu chinh xac
nhu pipet, buret, binh dinh mue. Cac dung cu kém chinh xac nhu éng dong chi
duing dé 18y thé tich thude thit dang diéu chinh méi trudng phan Gng.

Cac phuong phap dude dung trong phan tich thé tich 1a phudng phap truc tiép
va phudng phap gian tiép.

4.1. Phuong phap truc tiép

Chat can dinh lugng phan iing véi dung dich chuan.
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4.1.1. Chudén dé truc tiép

Phuong phap chudn dd don gian nhat 1a tit buret da hiéu chinh chinh xac,
ngudi ta nhoé timg giot dung dich chuan B vao mét thé tich xae dinh dung dich hay
mdt lugng cdn xac dinh chat A d& hoa tan trong dung moi thich hgp. Khi phan ung
két thie, biét lugng dung dich chuin B diing dé phan ting véi chit cin dinh lugng
A thi ¢6 thé tinh ham luong clia chat A.

Chuéan d8 truc tiép thudng dung dé dinh luong mot acid bing mot base hay
nguge lai. Thi du: Pinh lugng HC] bing dung dich chuan NaOH véi chi thi la
phenolphtalein. Dung dich acid hydrocloric duge chia trong binh nén, dung dich
natri hydroxyd chuan dude thém tit tit tiing giot bang buret cho dén khi phan tng
két thue duge nhan bist nha vao su d6i mau eia chi thi.

4.1.2. Chuéan dé nguoc hay chuén dé thita trie

Chuan d6 nay ap dung trong trudng hop khéng thé thue hién chuan do truc
tiép. Nguoi ta thém mot thé tich chinh xac, du dung dich chudn B vao mot thé tich
xac dinh dung dich hoac méot ludng cidn xac dinh A da hoa tan vao dung méi thich
hop. Khi phan ting két thic, ludng du thude thi B khéng tham gia phan 1ing dudge
chuén d6 bang dung dich thuée thit hé trg khac, da biét néng dé chinh xAc.

Thé tich thuée thit B trong chuin dé nay khéng duge it hon 15 — 20 ml trong
phudgng phap da lugng.

Thi du: Pinh lugng Mg”* bing phudng phap complexon:

| Phucng phip nay ¢6 1di trong cac trucng hop:

Khéng chon dude chi thi kim loai thich hdp cho ion cdn xdc dinh. Chéng han
khong thé chuan db true tiép Co*", Al”" véi chi thi den eriocrom T dude vi chi thi
nay tao véi Co®*, Al*” phitc bén viing dén néi khong bi EDTA pha va.

Ion cin xac dinh nam trong tua BaS0,, PbSO,... ]am phan tng vé1 EDTA xay
ra cham.

Chat can dinh lugng khong tan. pH méi trudng tudng ky véi phuong phap
true tiép.

Minh hoa: Dé dinh luong Ba™", ngudi ta cho ludng chinh xéc complexon I1I ¢
du, dinh lugng du complexon bing MgCl, chuan.

}—7‘ Ba**
l | J| EDTA du (lugng chinh xac)
’—-{ Pinh lugng du bang MgClL, chuan.
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4.2, Chuén d6 gian ti€p (thé)

Ngudi ta ditng phudng phap nay khi chat can dinh lugng khéng phan {ing véi
dung dich chuin nén cin c6 mét chat trung gian.

Thi du: Dung dich natri thiosulphat 1a mdt chit khii t6t dude dung dé chuin
d6 cac chdt oxy hoa yéu nhu iod nhung khéng chuin dé duge cic chit oxy hoa
manh nhu KMnO,, K,Cr,0,. Vi vay trudc hét cho K,Cry0; tac dung véi thude thu
trung gian KI (B,) trong mdi trudng acid dé giai phéng iod, iod tach ra tugng
duong dinh lugng theo ty 1& véi K,Cr,0,. Néu chuin dé iod dudc gidi phéng ra
[thay cho K,Cr,0-,(A,)] bing dung dich chuan chinh Na,$,0, (B) thi ¢ thé tinh ra
lugng K,Cr,0 (A).

|—-m—»—| K,Cr,04
| r KI lugng du

l——{ I, phéng thich tuong ducng dinh lugng

5. DUNG CU DUNG TRONG CHUAN PO BANG PHUONG PHAP THE
TiCH
5.1. Dung cu chita
Binh nén, becher dung dé dyng mau.

5.2. Dung cu khic dé

6ng dong.

Pipet khic d.

Dung d€ 14y mét thé tich dung dich gan dung.

5.3. Dung cu chinh xac

Pipet chinh xAc mét vach, pipet hai vach, phan phéi mét thé tich dung dich
chinh x4c ¢& dinh.

Buret ding dé dong mét thé tich chinh xac thay déi-

Binh dinh mic dung dé pha mét dung dich cé thé tich chinh xac, thudng diing
dé pha dung dich chuén, pha loding dung dich. Thé tich chit 1éng trong binh duge
biéu dién bing mililit. Trén binh ¢é ghi dung tich va nhiét dé (thuong la 20°C).
Cac binh dinh miic thuong ¢6 dung tich khac nhau tu 25 — 2000 ml.
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Dung cu chinh xac bang thuy tinh dude chia thanh 2 loai:

Loai A:

Loai B: Sai s6 trong do luong thuong nho hon 2%. Nhiing dung cu nay chi
dung trong pha ché ma thoi.

Thidu 1:

— Pipet chinh xac loai A 20 ml ¢6 dung sai + 0,02ml c6 nghia la pipet c6 thé
phan phéi mot thé tich 1la 19,980 ml < thé tich phin phéi theo ly thuyét
< 20,020ml. Nhu vay dung sai sé la

LA 100 = 0,10% —>+ 0,10%

Pipet chinh xac loai B 20 ml ¢6 dung sai 0,04 ml — + 0,2%
Binh dinh mtc 100 ml loai A ¢6 dung saila £ 0,1 ml - 0,1%

(0 K ntrmﬁr;{;mﬂu_[_l_l_nﬁ'_(; ()

i
i

ACn

100mL

G i e

It

Binh dinh muc

Pipet khac do Buret

Hinh 6.1. Mét s& dung cu sl dung trong chuan doé thé tich}--

105



5.3.1. Dung sai ctia mét s6 dung cu loai A, B

Dung cu Thé tich (ml) Loai A Loai B
T 1 + 0,006
Pipet chinh xac 5 + 0,006
5 +0,01
10 +0,02
25 + 0,03
Buret 50 + 0,05
10 + 0,02 + 0,04
Binh dinh mitc 50 + 0,05 +0,10
100 0,08 +0,16

6. CACH TINH KET QUA

Dé tinh dugc két qua trong phuong phap phén tich thé tich cin phai biét thé
tich va néng d6 cha chit chuan.

6.1. Tinh két qua trudng hop diing néng d6 duong lugng

Dé1 véi néng dé duong lugng, ngudi ta két thic chudn d6 tai lan can diém
tudng duong, ¢ d6 s& ducng lugng hay mili dueng hegng) thude thi bing s6 ducng
lugng (hay mili dudng lugng) ctia chat can xac dinh.

L&y Vg ml dung dich chit B (chit chudn) cé ndng dé xac dinh Ny dung chuin
d6 tai diém két thic hét V, ml chét can dinh lugng ¢6 néng d6 N,. Dé tinh néng d6
cua chdt A, 4p dung quy téc: tai diém tuong duong, tich cac thé tich (ml) cua cac
dung dich chat phan tng v6i noéng dé nguyén chuén ctia ching thi bing nhau:

VaNy4 =VpNg
Nong do chat A duge suy ra tit edng thic:
N - VBNB
A VA
Thi du:
N... _3220 x_0,0950
HEL 25,00
NHC] = 0, ]224
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Dung dich acid hydrocloric dugc chuian hoa bing dung dich natri hydroxyd
chuan. N&u dé trung hoa 25 ml dung dich HCl ngudi ta sit dung 32,20 ml dung
dich NaOH 0,0950N. Tinh néng d¢ duong lugng cia HCI.

Tit néng 46 duge xac dinh, tinh dude:
— Ham lugng gam /lit
Pg/l =N, x E,
E,: duong lugng gam clia chat can dinh lugng.
N néng d6 cua chit A.

Ham ludgng tinh theo phan tram C%:

C% :EA_"A_EAX 100
mg

mgA: khéi lugng ciia A tinh béng mg.

TU KHOA
— Phan tich thé tich — Dung dich chuén
— Diém tuong duong — Chat chi thi
- bidm két thiic — K¢ thuat chuin dé
— Chéit chuén - Dung cu chinh xac

CAU HOI LUGNG GIA
1. Trinh bay nguyén tic cia phuong phap phén tich thé tich.
2. Phan bhét:
— Diém tudng ducng va diém két thuc.
— ChAat chuin bac mdt va bac hai.
3. Néu thi du minh hoa cac k¥ thuat chuin d6.
4, Viét cong thitc tinh két qua trong phuong phéap phén tich thé tich.

CAU HOI TRAC NGHIEM
1. Phuong phap phéan tich thé tich 12 phuong phap dya trén viéc xac dinh
a) khéi lugng cua chit chuan khi phan tng véi chat phan tich. -
b) thé tich chét chuan.
¢) lugng chat chudn bac 1.
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d) lugng chat chun bac 2.

e) thé tich chit chuan bac 1.

2, Phuang phap phén tich thé tich duge st dung rong rai vi

a) it tén thoi gian, it tén kém, ky thuat don gian.

b} it tén thoi gian, it tdn kém, ki thuat don gian, chinh xéac.

¢) nhanh, tién lgi, chinh xac va c6 thé tu dong hoa.

d) t1én 161, k§ thuat don gian, it t6n kém va ¢6 thé tu dong hoa.

e) nhanh, t1én lgi, chinh xac va it t6n kém.

3. Viéc chuin 48 dugc thue hién bang cach thém.......... vao dung dich phan
tich cho dén khi phan Gng xay ra hoan toan.

a} dung dich chuéan

b) chdt chuan bac 1

¢) chdt chuan bac 2

d) thude thi

e) chat chi thi

4. Dic diém cta mét dung dich chuén:

a) bén, ¢6 cong thic xac dinh.

b) khéng bi hut dm, khéi luong phan ti kha 16n.

¢) ¢6 néng dé xac dinh.

d) bén, phan ting nhanh, hoan toan va phan ving chon loc déi véi miu.

e) bén, phan ting nhanh, hoan todn, phan tng chon loc va ¢6 néng db xac dinh,
it tén thdi gian, it ton kém, ky thuat don gian.
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Chuong 7
PHUONG PHAP ACID - BASE

NOI DUNG

1. MOT SO KHAI NIEM CO BAN

— Theo Lewis: acid 1a chat c6 kha ning nhan déi electron con base 1a chét c6
kha nang nhudng déi electron tu do.

— Theo Bronsted: acid 1a chat c6 kha nang cho H* va base 12 chat ¢6 kha ning
nhan H'.

® B (9B @

Giao trinh nay dugc viét theo thuyét acid — base ctia Bronsted
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1.1. Thuyét BRONSTED

Acid 1a chat cho proton HA har A +H" (7.1)
Base 1a ch4t nhan proton B+H" = HB* (7.2)

Theo (7.1), néu phan ting theo chiéu tu trai sang phai thi HA 1a acid (cho H")
va néu theo chiéu ngudc lai thi A™ 1a base (nhan HY).

Tuong tu, theo (7.2) thi B 1a chit nhan H": base va HB* 14 chat cho H': acid.

Trong (7.1) HA / A” tao thanh 1 cip acid — base lién hgp va trong (7.2) 14 cdp
BH*/ B.

Viét gop (7.1) va (7.2) lai thanh:
HA + B 5 HB* + A-
acidl base?2 acid 2 basel

1.2. Két qua cua thuyét BRONSTED

a) Téng quat hoa khai niém acid — base: khéng xem acid hay base 1 nhiing
chat hién dién riéng ré nhung 13 1 cap acid — base lién hop vi néu cé acid 14 cé
base.

Thidu: HCI S CI" + H® (acid hydrocloric HCI lién hgp vét base clorid C17)

NH,+ H" S NH,” (base amoniac NH, lién hgp vé1 acid amonium

NH,"
by Mé rong khai niém: acid va base ¢6 thé 1a phan t ma ciing ¢6 thé 1 ion
acid base
NH; CH,COOH | HCO, NH, CH,COO™ Co%™

2. PHAN UNG ACID - BASE / DUNG MOI CO H* HOAT PONG

Dung méi ¢6 proton hoat déng 14 dung méi ¢6 tinh acid hay base va c6 thé tac
dong lén cic chit tan acid hay base c6 trong dung dich.

2.1. Phan {ing cta acid-base véi dung méi (thuyé&t Bronsted)

Khi dung méi ¢6 proton hoat déng thi né sé anh hudng d&n chat tan va lac Ay
dung moéi sé déng vai tro cua mdt acid hay 1 base.

Thi du: Dung méi nude ¢6 thé hoic la 1 acid hoic la 1 base.

Néu nudce 1a 1 acid H,0 &5 OH + H*

hay nudc 1a base H,O + H' H,0" (ion hydroxonium)
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Tuong tu, néu dung méi 13 formamid hay cén:

Néu formamid 13 acid HCONH, s HCONH™ + H'
hay formamid la base HCONH, + H' & HCONH;

Néu con 1a acid ROH <« RO + H*
hay con la base ROH + H & ROH;

Nhung H* khéng bao gi¢ hién hitu § trang thai tu do ma phai c¢é 1 cap cho va 1
cdp nhéan.

Thi du:
HF + H,0 s F~ + HO
(HF va H,O: cho H*, H,0 va F: nhan HY)
NH; + H,O 5 NH, + H,0*
acid 1 base 2 base 1 acid 2
(NH,"va H,0": cho H*, H,0 va NH.;: nhan H"
2.2, Su phan ly cua dung méi

SH: Ky hiéu cia dung méi ¢6 H hoat déng (S: solvent)
Do c6 thé cho ho#c nhan proton ma dung méi khi 12 acid khi 1a base.
SH + SH s S~ + SH,' (7.3)
acid 1  base 2 base 1 acid 2
SH /8™ : cdp acid va base lién hgp:

Thidu: 2H,0 5 H,0' + OH (H,0/0H)

Theo (7.3): K= [S__}-[_SE (7.4)
[SH]

Khi dung méi SH 1a nuée : K= [—C)E-][ﬂzo—]
[H,0]

Thuye t& [SH] hodc [H,0] duge xem nhu la mot hing s8 vi ¢6 rat it phan ti chiu
su phén ly.

Thi du: Trong 1 lit nudc ¢6 1077 phan tu gam (hoac 1,8 pg nudc) bi phan ly
thanh 100 pg H' (dang H,0%) va 1,7 ug OH".

Vi dung méi it phan ly nén néng d6 dung méi coi nhu khéng thay dé1 va tit
(7.4) nguodi ta cé thé viét:
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[ST1{SH;] = Kx [SH}*= K, (hing s3 ion hoa) (7.5)
Hang s6 K, nay la tich néng 46 ion bi phan ly ctia dung méi: hing s8 ion hoa
ctia dung méi ¢6 thé nhé hodc 16n hon hing s8 ion hoa ca nude.
Thi du:
K, cia nuée =K, J[OH]H,01=K . = 10 (G 23°C)

Ki queom [CH,O]{CH;0H; ] =107V
K, (EWOH) (C,H;O7] [02H50H§] =10
K; w-coom [HCOO ] [HCOOH; ] =107

Chi ¥

- Thay vi viét [H,0%] nguoi ta viét [H'].

— Khi dung méi nudc tinh khiét thi  [H,0']= [OH] = K ,ysc
~ Khi mét dung méi bit ky tinh khiét thi [S] = [SH3] = /K,

— K, thay d6i theo nhiét dé.

Bang 7.1. Hing s6 ion hoa cla nudc é nhiét dd khac nhau

18°C 0,62 x 107" 0,79 x 107 25°C 1.2x 107" 1,1 x 1077
23°C 1,00 x 107" 1,00 x 1077 100°C 58 x 107" 78x107

2.3. Luc cua acid hoic base trong dung moéi ¢6 H* hoat dong
- Truwdong hgp 1 acid
HA + SH s A+ [SHS]

acidd + dungmdi 5 base + proton dudge solvat hoa

o, —[A][SHy ] _ [base] (SH; ]

- (7.6)
[HA] [acid]

pK, = - 1gK_; pK, 1a hiing s6 phan ly néi 1&én lyc acid hoic base cia mét chat.

Két qua: tinh acid cua chat tan cang manh thi cang dé phéng thich H', [SH,'}
cang 16n, K, cang 16n va pK, cdng nho. Luc cta base lién hgp A” cAng yéu khi acid
cang manh.

= Hdng sé pK_ dung dé xdc dinh luc cua cdp acid — base

112



~ Trudng hgp 1 base

B + SH S BHY + ST
Basel dungmdiacid S acidl base tit dung moéi1
re— . _
Va K, = [BH™ ]S ]: [acid][S7] 7.7
[B] [base]
. - + ~ K
Theo (7.5) ¢ [STI[SH;] = K nén [S] = ——
[SH3]

va theo (7.6) :

lacid] [SH]
base K

5 1

+ .
Thé vao (7.7 : K, = [SHy ] x K, hoac K x K, = K
Ka [SH]
Do d6, K, lién quan v6i K, bing hé thiic trén nén khi dé cip dén luc cta acid —
base sé chi néi dén K, va khéng ban dén K.
2.4. Du doan phan ing
¢ Xét pK cta 2 cap acid — base
Thi du:
Acid acetic tac ddng trén amoniac trong dung mdi 1a nude.
Cap acid acetic / acetat: pK, = 4,74 va cap lon amoni/ amoniac: pK, = 9,2.
Phan tng xay ra : CH,COOH + NH, & CH,COO™ + NH; (7.8)
K - {CH,COO™][NH]]
[CH,COOH][NH}

Trong nude, acid acetic bi phan ly va amoniac ciing bi phan ly theo phan ting

cin bang c6 hang sb-

— [CH3COO_ ”H+I — 10—4.?'1

, 7.9

* [CH,COOH | (7.9)
+

k= NI o 10
[NH, " |
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Hang s6 ctia phan Ung giita amoniac va acid acetic trong nude d& dang tinh vi

CH,C007 ] Ra, va tit (7.10) - INHa'l_[H"]

tu (7.9} —»
[CH;COOH| () (NH3| K,

[CH3COO™IINH, "] _ Kay _ s
[CH;COOHJINH;] K,

Kill

K&t qua: phan ng (7.8) cang dich chuyén vé phia phai thi cang lén hay

a7

K

42 cang nho, nghia la (p Ka2 - pKa] ) cang 16n.
K

a]

2.5. Biéu thitc bing s6 ctia [SHS|
Khai niém pH cua Henderson —Hasselbalch

[acid | _ [SH5] [acid ]
[base ] K * [base |

Theo (7.6) : = [SH3 1=K

a
Trong thuc t&, thay vi st dung [H'] ctia dung méi %, ngudi ta stt dung — lg[H")
= pH goi 14 thé hydrogen clia dung m#i hay 1a pH.

pH=pK, +ig [base] (7.11)
[acid]

Khai niém pH dudge Henderson — Hasselbalch dé cap khi thuc hién chi trong
dung mdi nuée sé duge téng quat hoa cho moi dung méi mién la dung mdi nay
phén ly giong nhu nuée.

Binh ludt tac dong vé khéi luong dién td theo hoat d6 chit khéng phdi theo
nong dé va pH tuong iing vdi hoat dé cia H trong dung méi.

2.5.1. Thay déi pH theo acid hay theo base

Hang s ion hoi duge tuin theo trong dung méi tinh khiét va trong cac
dung dich:

— Néu nudc tinh khiét, mot phan ti dung méi khi phan ly phéng thich 1 H* va
1 0H .

- [H]1=[OHT]= 10", do vay pH cta nuée tinh khiét 1a 7.

— Néu trong nude ¢6 acid thi sé ¢6 H” chuyén tir acid vao nude nghia 1a ¢6 xuat
hién nhiing ion H,O" phu. Do vay [H,0"] hay [H'] > 10 7va pH < 7, néng dé acid
cang 16n thi pH cang nhd.

~ Nguge lai, khi cho 1 base vao nude, base nay bi phan ly tao OH™ va vi
K, = [H] [OH] nén [OH7] tang thi [H*] phai giam. Do vay [H'] < 10 7 va

pH>7.
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1.1.1. Pudng cong pH

PH 1 oH
7 |0,00365mg p. 1.000 = Ni10°

0.0365mg p. 1.000 = N/10°

O = oWk OO -

5110.365mg p. 1.000 = NH10* B
n 3,65 . 1.000 = NH10*
4 map 36.5mg p. 1.000
3 = Ni10° - 36,59/
HCI dam dac 0,01Ng 1n N
HCl dam dac
Hinh 7.1. pH theo sy pha loang dung dich HCI Hinh 7.2. pH bién thién theo su pha long
{(3(pH(T) dung dich HCI {0 { pH {7}

Cac duong cong nay minh hoa su bién d6i pH theo [H*] cha méi trudng tinh
bang ion cho phép hiéu rang :

— Khi pH thay 46i 1 don vi thi [H*] thay d6i 10 lan (hinh 7.1).

— O vang pH nhd (khoang 0 - 2), {H'] thay d6i nhidu ma pH thay ddi khéng
dang ké&. Nguge lai khi tién gan dén su trung hoa, [H*] chénh léch it cting 1am pH
thay déi nhiéu (hinh 7.2).

2.5.3. Thay déi pH theo nhiét dé

Bang 7.2. Bign déi gia tri pH clia nudc theo nhiét dd

Nhiét dé (°C) 0 15 23 30 37
pH 7,45 7,12 7,00 6,56 6,65

Chu y : bién déi nay rdt quan trong nhdt Lo trong linh vue sinh hoc. Gid tri pH
binh thuong ciia mdu do duge 6 37°C: 7,35 < pH < 7,45. Do vay, khi do phdi ké dén
sai s6 khi thay doi nhiét do.

2.6. Yéu t& bén ngoai anh huong dén tinh acid va tinh base

2.6.1. Phat hién tinh acid va xdc dinh luc acid ctia chét tan

Hoa acid HA vio dung méi ndo dé cé6 H* hoat ddng. Néu dung mdi c¢6 kha nang
nhan H' cia acid cang cao thi cang dé phat hién dude luc acid ctia chit tan HA.
Thi du:

HCI y&u trong dung méi acid acetic nhung HCl manh trong pyridin vi pyridin
¢6 kha nang nhan H* tt HCI cao hon kha nang nhan H* cua acid acetic.

Acid acetic CH,COOH + H' 5 CH;COOH;
Pyridin C.H.N + H* h C;H,NH"*
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Nhu vay, dung mdi ¢6 kha nang nhan H' cang cao (c6 tinh base) thi can bing
cua 2 phuong trinh trén cang dich sang phai : K, cang lén = pK, cang nhé = acid
cang manh.

Trong cac dung méi ¢é tinh acid thi lue ciua céc chat hoa tan 1a base yéu sé
tang lén va nhiéu base yéu lai tré thanh base manh (giai thich tusng tu cho dung
mo1 co tinh base).

Thi du:

Acid formic - la dung méi it ¢6 tinh base hon nude — vi 1a acid nén kha nang
nhan H' y8u, khé phat hién tinh acid = HCI trong acid formic 1a 1 acid yéu.

Ngudc lai formamid ¢é tinh base nhiéu hon nuée ~ vi 1a base nén phat hién
tinh acid t6t hon. Vi vay acid acetic yéu trong nude lai dude coi nhu 1a 1 acid manh

trong formamid.
2.6.2. Phdt hién tinh base va xdc dinh luc base cia chéat tan

Mét dung méi che H* la vi kha nang nhan H* cia né y&u hon kha nang nhén
H" cua base hoa tan. Sy khdac biét kha niang nhan H* cia dung méi va chat tan
base cang ldn thi tinh chat base cua chit tan cang cao.

Thi du:

Amin, alcaloid dugc col nhu la base manh trong acid formic (hoic trong acid
acetic khan) nhung 1a base yéu trong nudc.

Uré co1l nhu 14 base manh trong acid chloracetic va yéu trong acid acetic vi
acid chloracetic c6 kha niang nhan H* thap hon kha ning nhan H' clia acid acetic.

2.6.3. Tinh tuong déi cua khdi niém acid-base

Mot chat cé thé 13 1 acid hay base tuy theo dung mél ma né dude hoa tan:
trong dung méi ¢6 kha ning nhan H' manh thi chat tan nhudng proton va duge
coi 1a acid. Ngugc lai, trong dung méi acid (cho proton) thi chit tan ¢6 thé nhan
proton va dudc coi 1a base.

— Thi du 1: Alcaloid 1&a mét base yéu khi hoa vao nudc nhung lai la base manh
khi hoa vao acid acetic khan.

HCI HCOCH H,O NH, NaOH
acid base
Kha nang cho H* tang dan Kha nang nhan H* ting dan

Hinh 7.3. Thang biéu dién kha nang cho va nhan H*cda mot s6 dung mai
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— Thi du 2: HCI luén luén la 1 acid trong dung méi acid formic (HCOOH) vi
kha néng cho H* 16n hon cua dung mdi nhung nude trong acid formice ludn ludn la
1 base vi nudc nhian H* cua dung méi.

HCI HCOGOH H,O NH,, NaGH
k

acid base

Hinh 7.4. Tinh acid cla HCI va nudc trong dung méi HCOOH

Thi du 3: Khi dung méi1 la amoniac thi nuéc lai 12 1 acid

HCI HCOOH H,0 NH, NaOH
|

acid base
Hinh 7.5. Tinh acid cGa HCI va nudc trong dung moi NH,
Nhu vay:

— Dung méi nhan H' manh nhat (c6 tinh base manh) thi cic chit tan sé
la acid.

— Dung méi cho H* t6t nhat (c6 tinh acid manh) thi cac chat khao sat sé la
base.
2.7. Lién quan gitta pH va pK,

2.7.1. Céng thiic téng qudt: theo (7.11)

pH = pK, +lglbae]

lacid |

Day la cong thic ¢6 thé dung trong moi tinh huéng. Nhung trong I}hiéu truong
hgp ngudi ta cé thé dung cac ¢éng thiic gn ding, nhat 1a dé tinh pH ctia dung dich
acid hay base da biét duge pK,.

2.7.2. Cong thite gan ding dé tinh gid tri pH

Cac céng thitc nay chi ¢6 gia tri déi véi nhilng chat phin ly H' yéu trong dung
mdi phin ly khao sat.

Dit cac ky hiéu: HA: acid manh; B: base manh; Ha: acid yéu; b: base yéu.

o pH cia 1 acid yéu

Cho 1 acid yéu Ha, nong dé ban dau 14 ¢ trong dung méi nuéce:

Acid phan ly titng phan theo phuong trinh: Ha 5 H* + a”
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Héng s6 ion hoa cua phudng trinh trén 13

K = M (7.12)
[Ha]

Nudc 10n hoa theo phuong trinh: H.O S H* + OH"

ma [H*][OH] = K, = 107"". Vay c6 hai cAn bing sau :
¢ = [Ha] + [a7] (7.13)
H']=H][H 0 + [H) (7.14)

— Theo (7.13): trong nhiing phan tit Ha cho vao dau tién cé cac phan ta khéng

phén ly: nong do 1a [Ha; 1 s6 phan tlt khéac bi phan ly dé cho a~ : néng dé 1a [a7].
— Theo (7.14); H* ]1a cua:
Hodc nhiing phin ti nuée bi phan ly ([H* ]H.J())

Hodc nhiing phén tit acid bi phan ly (H*],,)

€6 2 ude lugng sau:

— Ha xem nhu la acid du yéu (nghia 12 kém phan ly) dé s phan tu bi phan ly
¢6 thé bd qua so véi s6 phan tit khéng phan ly. Nhu vay, c6 thé bo [a | trong (7.13)
va viét:

¢ = [Ha] + [a"] ~ [Ha]

— 56 H* do nudc phan ly xem nhu ¢6 thé bd qua so v6i s6 H* trong (7.14) do acid
phan ly (gia st acid khong qua yéu). Do vay, cé thé bs [HY ]HQO so v4i [H'],, va
viét:

H]= Hyo + Hy~[a]

(do moi phan tu Ha bi phan ly giai phéng a~ déng thoi véi HY).
Két qua: (7.12) duge viét :
K,= BT pay[HE=K
c

Viét theo khai niém p: pH = 1/2pK_ — 1/2lg ¢

o pH cua mudt cia acid manh va base yéu
Mgt acid manh phan {ng véi base yéu tao nén moét mudi:
HA + b - bH'A (7.15)

A" 1a base lién hdp v6l acid manh HA nén ¢6 luc coi nhu bi bé qua, coi nhu la
bang khong. Nhu vay base nay khéng phan tng duge véi bH* va phuong trinh
(7.15) khéng can bing.
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Mué1 bH*A™ khi cho vao dung méi phan ly c6 thé xem nhu bi phan ly

hoan toan.
bH' A~ - bH" + A~ .

Trong dung dich lic nay con acid bH* ¢6 lyc that sy (nhung ciing chi 13 mét
acid yéu do lién hgp véi 1 base y8u) ¢6 néng d6 ¢ (tinh' bing mol/l) cia mudi va
1 base A (c6 luc = 0). Nhu vay chi 14 dung dich acid y&u va duge tinh theo cong
thite tinh pH cta dung dich acid yéu:

pH=1/2pK, - 12lgc
» pH cua mét base yéu |
Khi ap dung cho 1 dung dich nudc cta base b (néng dé ddu = ¢) ¢6 thé suy luan
gibng nhu trudng hgp pH cua 1 acid y&u. Phuong trinh dién ta su phan ly cla base
va nudc:
b+H,0 S OH + bH" ; HO S H + QH

bH*'S b+ H* va hing s ion hoa K, = [H'Ib] . K _=[H']{OH }= 10",
[bH' |

Nguoi ta co:
¢=[b]+ [bH'] ; [OH ] = [OH }; o+ [OH],,.
Dé tinh gin ding, nguditacé: c = [b] + [bH'] » [b]
[0H] = [OH ]y, + [OH], ~ [OH], = [bH']
Biéu thic K_:
[H'Je _ [H'Jc K,K

h Hiz= a2t
on | Kk, |wHETETY

a

Viét theo khéi niém pH thi: pH =7 + 1) pK + %log ¢

e pH cua mudi cua mét acid yéu va base manh

Muéi nay tao thanh theo phan ting: Ha+ B —» BH™ + a

Giéng nhu moi trudng hgp khac, khi hoa tan hodn toAn muéi nay bi phan ly
thanh BH" va a".

BH' 13 acid lién hgp véi 1 base manh B nén coi nhu acid ¢é lue bd qua.

Base a” lién hdp v61 mét acid yéu Ha duge coi nhu 1 base ¢6 Juc that su (cling
chi 1a mét base yéu), trong dung dich chi c6 méi base a~ 1a ¢6 luc that su.

Dung dich base a thé hién 1a base yéu pH > 7 rit rd rang.
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Nhu vay chi 1a dung dich base yé&u va tinh theo pH cia dung dich base yéu:
H=7+ 1 K, + 1 logc
P 2 ph, 9 g

Thi du : dung dich muéi kali carbonat, natri borat. .

Cht y : Dung mét H,O bi thuy phan thanh OH va H', H* sé phan éng vdi a”
tao Ha nghia la o duge phdn tw hod (molarisation) trd lai boi H* ciia dung méi.

a- + HO S Ha + OH-
e pH cia muéi cua acid yéu va base yéu
Muéi nay phan ly hoan toan trong dung dich giéng véi trusng hop trude:
b + Ha - bHa — bH' + a

bH* (lién hgp véi base yéu b ban dau) 14 acid 6 hue that su du chi la acid yéu.

a (lién hop vé1 Ha ban dau) 1a base ¢ luc that su du chi 1a base véu.

Nhu vay hic nay dung dich chita déng thoi mét acid yéu va mét base yéu va cac
chit nay phan fing véi dung méi nhu sau:

A +SH S5 S+HavaviHa+ HOSa +HO nén K, = %
a4

.
bH' + SH 5 SH," + bvéi K, =10
[bH}

SH+SH S SH, "+ S
Hing s6 ion hoa clia dung méi K, = [SH*, | [S7] dudc tuan theo.

(vibH* + H,0 5 b+ H,0") va

Hai hang s6 K, va K, ;+ khong doc 1ap vi ndng d¢ [H'] tim thdy trong ca hai
phuong trinh. Va do vay ¢6 thé lién két thanh mét biéu thie duy nhat:
K, K, = w (7.16)
[Ha]|bH™ |
Néu mudi trong dung dich ¢é néng dé ¢ thi :
¢ = [bH] + ({b]
¢c = [a] + [Ha]
0 day can minh hoa mot wde lugng phu nhu sau:
Gia su acid bH* va base a bi phan ly theo ti 1é rat gan, thi [b] = [Ha]
va ¢ diéu kién nay: [bH'|=c-[b]va[a] =c - [Ha]. Do vay [bH] = [a].
Phuong trinh (7.16) duge don gian hoa : K K,;;* =[H*]* hay

1 1
H=-=-pK + —pK,;
P 213" Zp LH
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2.7.3. Két qud thuc nghiém ctia khdo sdt lién quan gitta pH va pK
~ Sut dich chuyén tuong hd giita acid va base: mot acid manh duéi mét acid yéu
1 mudi cla né va mot base manh dudi mot base yéu ra khéi mudi ciia né.
Thi du:
HCl + C,H,COONa —-» C,H,COOH + NaCl
NaOH + NH,Cl1 - NH,+ H,0 + NaCl
Hién tuong nay dude mé ta nhu sau: mudl bi phan ly hoan todn trong dung
dich va cac ion dude phéng thich phai théa man duge nhing can bing lién quan
dén hoic acid hoac base yéu tucng Ung.
Thi du: Mudi BH*a bi phin ly thanh B + Ha va Ha bi phan ly thanh H' + a~
thi gia tri ciia hing 6 ion hoa K, phai tuan theo
HA +a (M) > Ha+Avsi K =H ]
|Ha
Khi thém 1 acid manh HA, acid nay bt phdn ly hoan toan sé lam tang [H'] va
giit nguyén K, duoe la do a” cua muéi bi phan ly sé két hop vdi H' cua acid manh
HA dé tao nén phan t¢ Ha. Nhu vay diéu nay sé dua trd lai sw i ion hod
(reculisation) acid Ha.

2.8. Nhitng chat ludng tinh / dung méi phan ly

2.8.1. Dinh nghia

Chat ludng tinh (ampholyte = amphotére) la chit cung luc ¢6 thé coi nhu vita
la 1 acid vira 1a 1 base, thi du nhu nude. Ngoai ra ciing ¢én nhidu kiéu chat ludng
tinh khac nhu:

~ Cac anion ¢6 H' (1a dan chit cha polyacid): carbonat acid HCO5, phosphat
H,PO, va HPOj .

— Cac hydroxyd kim loai: Zn(OH),, Al{OH),.

— Cac phan tu hiiu c6 mang cing lic nhtng nhém cho H: -COOH, -SO_H,
phenol va nhiing nhém nhéan H': amin.

Nhiing chdt duge biét nhiéu nhat 13 cac o — amine acid NH,~CHR-COOH ma
tdm quan trong sinh hoc riat 16n. Chit don gian nhat 14 acid aminoacetic hay
glycin. Ngoai ra ctng con nhiéu phan tu nhu acid para-aminobenzoic va nhiing
din xudt sulfonic nhu taurin (NH,~CH,~CH,-SO,H) st dung nhiéu trong
nganh Dudgc.
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2.8.2. Tinh chdt ciia chdt luong tinh

Mot chit ludng tinh c6 thé duge xac dinh bing 2 hang s6 K,, va K, tudng ting
v6i tinh chét acid va tinh chét base. D& danh dau su lién quan cia 2 tinh chat
nay, chit ludng tinh duge tugng trung boi HAB (HAB viét hoa khong biéu thi gi vé
luc acid hay luc base).

o Tinh acid cua chdt ludng tinh
Can bang HAB + SH = SHS +BA™ tuong {ing {ing véi cap HAB/ BA"™.
Ngudi ta dinh nghia hing sé K, cua HAB nhu sau:

_ [H"][HAB] [SH3]{BA"]
" [HABH']  [HAB]
Thi du: Glycine NH, CH, COOH (tinh acid) c6 thé phan éng vdi nuée theo:
NH, CH, COOH +H,0 = NH, CH, COO" + H,0"
H,0"][NH,CH,COO"~
K, = | 3[1\1}]1[2(3}122(3020H] ] (7.17)
o Tinh base cua chdt luong tinh
Chait ludng tinh HAB phan (ing v&i dung méi theo phudng trinh:
HAB+ SH &S S + HABH'
Vay, cap acid va base HABH*/ HAB c¢6 hing s6 K, 1a:
_ [H']{HAB] _ {ST][HABH']
[HABH"]  [HAB][SH]
L&y lai thi du cta glycine (tinh base) ¢6 thé tac déng véi nude theo:
NH,CH,COOH + H,0 5 NH,"CH,COOH'OH"
_ [H+][NH2CH2COOH]
2 |NH,*CH,COOH]

al

K

ay

(7.18)

va K

Chu y: Trong trudng hop ctia nhidu mudi, hing s6 K, duge xac dinh giéng véi
hiang s6 KbH* )
o Lién quan giiia hai tinh chdt
Gidng nhu trudng hop 1 mudi caa acid yéu va base yéu, tinh chat acid va base
cung c6 mit trong ciing mdt dung dich va khéng khao sat ching mot cach dde lap.
Xét mét hang s6 méi 12 hiing s6 ¢ha hai hing sd trude:
K K. = [H'IBAT] [H'|[HAB
a a.
v [HAB| [HABH™ |
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Sau khi don gian hoa, phudng trinh trg thanh:

_ (H*P[BA~
KalKa _ HT°[ |

(7.19)
z [HABH"]

pK, + pK, = 2pH-lg BA L (7.20)
[HABH" ]

a) pH dang dién (pH))
La pH ma & d6 dung dich chiua [HABH" |= [BA']. Gia tri pH nay dé suy ra tu

- phugng trinh (7.20) vi khi phén td thit hai 1g (BA'1 triét tidu thi
(HABH™]

pH, = 1/2 pKal + 1/2 pKal2

Khi d6 néu pH < pH,, ion HABH* chiém uu thé& vi theo (3.7.a) néu pH giam thi
[H'] tang va hic d6 [BAT] phai giam va [HABH'] tang.

Nguge lai, pH> pH, thi ion BA™ chi€ém nhiéu hon.

Chu ¥ : cong thitc tinh pH danh cho pH ding dién gifng v6i cong thitc tinh pH
gin dung cho dung dich mudi ctia mot acid yéu va base yéu vi é pH, thi dung dich
chita ciing néng dd acid va base (giéng nhu trudng hgp cia mét mudi bHa").

b) Amphion

O 0
H,N_ ‘/g Hng _/%
¢H” “om CH™ 8
R R
Dang khdng proton hoa Dang zwitterion chi yéu
rat it cling c6 mat trong dung dich trong dung dich

La nhiing chat ludng tinh ¢6 hai nhém chic kiéu acid amin. O pH déng dién,
dung dich ch yéu khéng nhiing chiia cic dang NH;*CH,COOH va NH,CH,CO0"
ma con chiia nhiing ion déng thoi mang dién tich duong va dién tich am:
NH,'CH,COO". Ion nay goi la amphion hay zwitterion.

¢) pH cta dung dich lwdgng tinh

Theo phuong trinh (7.11) pH phu thudc vio néng dé ciia méi mét trong hai ion
acid va base. Do vay luat trung hoa dién tich chiing té rang du phan ting phéan ly
san sinh mot hay nhidu ch4t dién ly, phan tng van trung hoa dién. Biéu thiic tong
gquat la:

> dién tich Am = 2, dién tich dudng

Trong d6 tit ca anion va cation bi phéng thich déu can thiép vao.
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Trong trucng hgp hién tai, tit nhiing phuong trinh:
HAB+ SH —» SHJ +BA (dung mai la base)
HAB+ SH — S+ HABH' (dung méila acid)

6 thé vist: [HABH'] + [SH, ] =[S ]+ [BA]  (luit trung hoa dién tich)
hoac: [BA™) = [HABH"'] + [SH,"] - [$7] (7.21)

Néng dé [SH,"] va [S7] khéng qua quan trong vi phai tudn theo can bing tudng
d61 cua dung méi va hing s6 ion hoa cia dung méi K;:  2SH 5 S+ SH}

Mot chat ludng tinh 6 tinh chét acid hoiic base nhiéu hay it hon do phu thudc
vao pH cua dung dich sé& tim thay mét gia tri gan véi \/Kil

Thi dyw: trong nude pH nay thudng 14 7 + 3 tueng tng véi gia tri:

khi pH = 4 thi [H,0']=10""va [OH] = 10"

khi pH = 10 thi [H,0'] = 107" va [OH] = 10~

Néng d6 [BA"] va [HABH'] thuong >107% va < 1071°.

Trong (7.21) c6 thé bd qua hiéu s6 ctia [SH,'] - [S7] va viét [BAT] = (HABH")

Nhu vay, pH cua dung dich la: pH= 1/2 pK,, + 1/2pK_, = pH,

Trong thuc té&, cong thite nay chi diing trong pham vi hep clia cac acid amin.

3. SU TRUNG HOA ACID - BASE

3.1. Dinh nghia

Su trung hoa 12 mét thao tac co ban trong phan tich dinh lugng dé xac dinh
néng do ciia dung dich acid hay base. Khi X ml dung dich acid dudc trung hoa bing
'Y ml dung dich base va khi da biét néng d6 chinh xac c¢ia mét trong hai dung dich
thi dé dang suy ra ndng 46 cta chit con lai. Diém tucng duong duge danh gia bing
cdch quan sat sy bién déi néng d6 acid hay base khi tién gan dén sy trung hoa.

3.2. Phuong phap danh gia diém tuong duong

Cé hai kha nang danh gia, chu y&u la dung chi thi mang mau va chi thi
dién thé.

3.2.1. Chi thi mang mau

Chi thi mang mau 1a chit cho vao dung dich dé dé dang nhéan biét dude diém
két thiic ciia phan iing khi thay sy thay déi mau.

Theo Kolthoff (1926): “Chi thi pH la nhitng acid hay base yéu ma dang ion cia
né 6 cdu tric va mau sic khde biét voi dang khéng bi ion hod”.
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Thuan lgi: Khi thém mét lugng nho cua chat chi thi nay vao dung dich duge
dinh lugng thi mau cha chi thi bién déi tite thi gitia hai gia tri pH nao dé.

Thi du: Phtaleine chi c6 mét ciu tric phin ti nén khoéng mau trong moi
truong acid ¢hinh  7.6), ¢dn trong moi truong kiém (pH = 8,3 - 10) n6 ¢6 nhidu
dang dong phin dudi dang ion nén xuit hién mau (hinh 7.7).

HO ] ] OH
OH '
—_— — -
T p g

COO
O L ]

a b
Hinh 7.6. Dang lacton khéng mau trong méi truéng trung tinh hay acid (a)

HO . 0O 0O l Ol
g )
Co0O CcoOo

C d
Hinh 7.7. Dang quinon cla phtalein cé mau trong mai trudng kiém (b,c.d)

‘ OH

Hinh 7.8. Dang phenat cua phtaleine khéng mau
¢6 thé thiy dudc trong mdi trudng qua kiém.

COO

Nhiing chit dude st dung lam chi thi diu tién 1a nhiing ch&t mau thue vat nhu
cac anthocyan. Hién nay ¢é nhiéu chi thi mau téng hgp.

3.3.2. Ca ché déi mau ctia chi thi

Cau truc electron cia mot hop chat hitu cd ¢6 thé thay déi bang cach thém hay
méat di mét H* hay mdét nhém OH™:
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Qua thi du trén, c6 thé khing dinh ring nhiing chi thi niy chi yéu la nhiing
hé théng cho hay nhan H*.

Nhiing chi thi theo pH trong diy sau (bang 7.3) cho
nhiing dang déng phan quang hoc (vong thom). Quan Ar_ Ar

trong nhét la:
0

’
//S%

— Phtalein: phenolphtalein, thymolphtalein ...
—Sulfon  phtalein:  thymol-sulfon  phtalein, . 0
phenol-sulfon phtalein, bromophenol-sulfon phtalein. Hinh 7.9. Sulfon phtalein
(hinh 7.9).

— Cac azoic nhu Helianthin. (hinh 7.10).

WC, = HC OH
E{O NN SO = A NN o
H;C 0 0 HyC O

Hinh 7.10. Cac azoic
Trong méi truong acid: dung dich azoic ¢6 mau d6 vi hai dang déng phan ¢6
duge do proton hoa nits amin.

Trong mdi trudng kiém: dung dich azoic c6 mau vang vi con ¢6 mot loat nhiing
ndi déi lién hdp nhung ¢6 nhidu kha ning hiy tai chd nhiing néi déi nay.

— Din chat anthraquinon (alizarin sulfonat Natri). Nitrophenol (hinh 7.11).

OH O
"
—_— -
OH"
Q O O

= P -
NT N” NZ

¥ Y ~

O O Q

Hinh 7.11. Nitrophenol mau vang trong méi trudng acid va dé trong kiém
Théng thudng, dé c6 thé st dung thi mau sic hay chuyén d6i thuan nghich.
3.2.8. Vung chuyén mau ciia chi thi mau trong méi truong nide

O mét pH nhit dinh, khong c6 chi thi mang mau nao thay déi mau dot ngét. Su
thay d6i nay xay ra giiia 2 pH dé xac dinh ving chuyén mau hay khoang d6i mau.
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Bang 7.3. pH va viing chuyén mau cla mét vai chi th

Tén chi thi mau Mau Mau pH ciia viing chuyén mau
Xanh thymol do vang 1,2 2.8
Xanh bromophenol vang xanh 3.0 4,6
Methyldacam {Helianthin} do vang 3.1 4.4
Xanh (1a} bromocresol vang xanh 3.8 5,4
DS methyl dé vang 4.4 8.0
Tim bromocreso! vang tim 5.2 6.8
Xanh bremothymol vang xanh 6,0 7.6
D6 phenol vang dé 6.8 8,0
P cresol vang do 7.0 8.8
Xanh thymol vang xanh 8.0 96
Cresolphtalein khéng mau dd 8,2 0.8
Phenoiphtalein khéng mau dé 83 10

Néu goi chi thi mang mau & dang acid 1a I,, chi thi dang base 1a I, thi:
H,O+ I, = I; + H,0" vé1i 1,=HI,
. +
(J d6 ¢6 can bang la K, = [—Iﬁy
A
hoge pH = pK, + lg% khi [T ] = [L] ; pH= pK,
R \
Khi pH= pK, thi mau sic cua chat chi thi duge phan chia gita hai dang, luc d6
mau sic ctia né nhay nhat.
D cho pH 1a bao nhiéu, ciing c¢é thé viét: lgM = pH-pK,

A

e NéupH =(pK,+1) thi lgllel=1 va [l=10
[T4] (14]
= [Iz ] = 10 [I,]. Ltc nay trong thuc t& mau cta dung dich 1A mau cua
dang base.

o Nou pH = (pK, - 1) thi loglel=_1va Msl=0
(14l (Ial
1 . " . )
= [l ] = 0 iI,]. Lic nay trong thuc té, mau cua dung dich la mau cua
dang acid.
Do vay: gidl han cua vang chuyén mau cda chi thi khoang: pH = pK, £ 1.

Néu diing chi thi cho chuén dé ma vung 461 mau khéng nam trong viing thay
d6i ddt ngdt ca pH thi sé dan dén sai s6 vi kho nhan biét.
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3.2.4. Chon chi thi mau trong phuong phdp - acid base

Thi du: khi trung hoa HCI 1N béi NaOH 1N thi lic téi diém tuong duong ving
pH thay d6i dot ngét rat réng, pH tir 3 — 11. Do d6 ¢6 thé Iua chon mét s6 chat chi
thi nhu sau:

Chi thi pH ctia viilng chuyén mau
— Helianthin 3,15 4,4

- Gidy quy gdn ving trung tinh

- Phenolphtalein tr 8,3 - 10

Néu trung hoia mét base yéu bing mot acid manh hay trung hod mét base
manh bdi mbt acid yéu thi khoang pH thay d6i dét ngdt sé bi gidm di.

e Chuy:

— Khi dinh lugng, néu khoang pH chuyén mau cta chi thi cang nhd thi su
chuyén mau cang r6, khoang nay thudng 1a hai don vi pH.

— Ngugc lai trong trudng hgp do mau theo pH: néu su chuyén mau cang trai ra
mdt ving pH 18n thi phép do cang dé thuc hién. Thi du: xanh bromothymol chuyén
méau vang ¢ pH = 5.8; vang luc 6 pH = 6,2; xanh 14 § pH = 7; xanh ducng ¢ pH = 8.

a) Chi thi cé thé si dung trong nhitng ving pH qud cao hay qud thap

Céc loai chi thi nay cho phép thuc hién khi néng dé acid hay base 16n. Chil yéu
lién quan dén cac phép phan tich dinh lugng.

Thi du: méi trudng acid c6 nong dd hosic pH khéac nhau tim tinh thé s& ¢6 mau
khac nhau:

trong dung dich tim tinh thé ¢ mau trong dung dich t{m tinh thé c6 mau
acid manh 5N vang pH=1 xanh ducng

acid 2N xanh la pH=2 tim

acid 0,3N - 0,5N duong luc

Ngugc lai trong méi trudng rat kifm & pH = 12, tropeoline chuyén mau vang
— do gach.

b) Chi thi hdn hop

Nguyén téc: khi thém vao mo6t mau hd trg sé 1am thay déi su chuyén mau cia
chi thi chinh.
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Thi du:
e Chi thi Tashiri
—Dung dich A:-—~Xanh methylen 1%/ EtOH 25ml (mau ho trg)
— Po methylen 1% /EtOH 100ml
- Dtéu ché chi thi Tashiri: dung dich A: 100 ml; EtOH: 100 ml; nuée: 200 ml.
Thém NaOH loang dén khi mat mau do:
O pH tit 5,45 — 5,50 mau héng - xanh 1a. Chi thi nay thich hop dé dinh lugng
amoniac.
« Chi thi hén hgp hai phtalein
— Phenolphtalein 1% / EtOH 50% 20 ml
— Naphtolphtalein 1% / EtOH 50% 10 ml
O pH ti 9,6 - 9,7, mau tir hong — tim. Chi thi nay thich hgp dé dinh lugng
chiic acid th hai cua acid phosphoric.

3.2.5. Nong dé chi thi mau duoc stz dung

Tit hing s6 K,= [TeHH'] _ Tpl- Kiu
‘ {I4] Lal [H*

Tuy theo chi thi chi ¢6 mét dang c6 mau (phtalein) hay 2 dang c¢6 mau
{hehanthin).

» Trudng hgp chi thi ¢6 mét nhém mang mau (monochrom)

Thi du: phenolphtalein [I;;] mau d6 va [I,] khéng mau. [I;] = ‘:‘] x [14]
[H

O pH da cho: néu ndng do ciia chi thi 6 dang khéng mau [I,] cang 16n thi khi
thay do1 pH, sy chuyén mau cua chi thi cang d& thiy = wu diém: c¢6 thé cho 1
lugng tudng d6i 16n chit chi thi.

Thuong thuong chi dung dung dich chi thi 2-3% (khoang 10 mg) dé tranh
truong hop chit chi thi ¢é thé tiéu thu nhiéu thude thi chuin dé.
e Trudng hgp chi thi ¢6 nhiéu nhém mang mau (polychrom)

Thi du: helianthin [I,] mau dé va [[; ] mau vang.

01 pH xac dinh, thanh phin cta hai dang mau nay khdng d6i. Do vay khi cho

. o o . IV | Cy . Lo
1 lugng thira chat chi thi cing sé khéng lam bién déi ty lé I—B va lal cang kho thay
A

chuyén mau nén khéng ¢é 1gi.

Trong thuc hanh, thusng thém 1 giot dung dich 2% (khodng 0.1 mg va 1a 100
lan it hon trudng hop thém phenolphtalein).
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3.3. Trung hoa mét acid manh HA bang base manh B
3.3.1. Bién dé6i pH (Su bién thién cia pH trong qud trinh chudn dg)

Su trung hoa dung dich HCl bing dung dich NaOH véi cung thé tich, ciing
ndng d6 cho thay su bién ddi nhu sau:
— Lic bét dau : dung dich chi cé acid HA. Goi ¢ 13 néng d6 clia dung dich acid

HA bi phéan ly hoan toan thi [H] = ¢ hodc pH =1g 1
¢

- Trong ldc chuin dé: hén hop lic nay gdm mot dung dich acid HA chua bi
trung hoa va mudi BHA do acid bi trung hoa.

Vi mudi BHA ¢6 pH gidng pH clia nude tinh khist nén hén hop nay cudi cing
¢6 thé xem nhu 1a mét dung dich acid HA c6 ndng d6 gidm din. pH dude tinh theo
thé tich cita dung dich acid con lai.

- Tai diém tucdng ducng: hén hgp cé dudgc 12 dung dich cua mudi BHA, pH = 7.
3.3.2. Thi du cu thé (trung hod bang dung dich chuén N)

Trung hoa 100 ml HCI IN bing NaOH IN. Khéo sat su bién d8i va tinh [H'),
pH trong ca hai trudng hop khong ké su pha lodng va c6 ké sy pha lofing.

PHY . ApOH pH 14 1 1006ml HCI 0,1N duge dinh Iudng bang NaOH 0,1N
™ : 12
1
1
Biém . 10 9 Ving chuyén mau
tuong duong t
pH ; 8 Biém tuong duong
1 -
: & pH=7
! 4 V0ng acid
. ! i Vung kiém
e ! 2
]
0 20 40 60 80 100 0 20 40 60 80 100 120 140 160 180 200
ViaoH Viaon {Mi}
Hinh 7.12. Budéc nhay pH Hinh 7.13. Trung hoa acid manh (0,1N) bing

base manh (0,1N)
Nhéan xét: (truong hop ¢é tinh dén su pha lodng)
~ Nhd tit 0 — 90ml NaOH 1N vao: pH bién d6i cham (tix 0 — 1,3);
- Nho tif 90 — 99m] NaOH 1N vao: pH bién d8i nhanh hon (t 1,3 — 2,3);
— Nho ti 99 — 99,9m]1 NaOH 1N vao: pH bién d8i rat nhanh (tit 2,3 — 3,3):

- Nhd tir 99,9 — 100m] NaOH 1N vao: (khodng 2 giot = 0,1ml): pH bién d6i dot
ngét (tu 3,3 - 7); ApH =3,7.

— Khi thém vao mét lugng rat nhé NaOH 1IN (khoang 1 giot), pH tang rat
nhanh tix 7 — 10,7 ; ApH = 3,7.
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Giai:

Bang 7.4. Bién dai [H*] va pH khi trung hoa 100m| HCI 1N bing NaCH 1N

base acid tinh acid cla dung dich
thém vao con lai [H*] pH GM pH
(ml) (ml) — N . "
khong ké su pha lodng cO ké su pha loang
0 100 1 0 1 0
50 50 5107 0,3 3,33. 107" 0.5
90 10 1.107" 1 5,27.1072 1,3
99 1 1.1072 2 5,03.1072 2.3
99,9 0,1 1.1072 3 5,01.107 3,3
100 0 1.10°7 7 ApH =8 1.107 7 } ApH=74
100,1 thira | 0,1 1.10 " 11 2.107" 10,7
101 base{ 1 1.107"? 12 210712 11,7

Nhu vay khi trung hoa mét acid manh bang mot base manh sé c6 mdt bién déi
pH @6t ngdt ¢ can diém tuong duong. Khao sat dudng cong chuin db sé thay diém
tuong dudng tucng (ng vol diém uén.

3.3.3. Anh hudng ciia néng dé acid

Khi trung hoa dung dich HCl bang dung dich NaOH c6 néng do loang hon
trudng hop trén thi sé thdy khodng bién déi pH d6t ngét thu ngan lai.

Thi du cu thé: Trung hoa 100 ml HCI 0,IN bing NaOH 0,IN. Khao sat sy bién
déi va tinh [H'], pH trong ca hai trudng hgp khong ké su pha loing va cé ké su pha
lodng.

Pudng cong chuan d6 thu duge giéng trudng hgp trén véi su chénh léch mot
don vi pH. K&t qu4 la sy bién d6i pH & can diém tudng duong luén nhanh nhung
bao phtt mét ving pH nhé hon : ApH = 5,4. (bang 7.5, hinh 7.14, 7.15)

Bang 7.5. Bién doi [H*] va pH khi chuan d& HCI 0,1N bing NaOH 0,1N

base acid tinh acid cda dung dich
thém vao (ml) con lai [H] | oH H'] ‘ pH
(mi) khéng ké su pha loéng c6 k& su pha loang

0 100 1.107! 1 1.107" 1
50 50 51072 1.3 3,33. 1072 1,5
a0 10 1.1072 2 527.107 2,3
99 1 1.107 3 5,03.10™ 3,3
99,9 0,1 1.107* 4 5,01.107 4,3
100 0 1.107 7 }.f_\pH =6 | 1.107 ?,o}an =54
100,1 thira { 0.1 1.107™ 10 210710 9,7
101 base 1 1.107" 11 2,107 10,7
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pH 14 7100ml NaOH 0.1 dinh hfong bing HC! 01N .. 100mI HCI (ndng d3 o} durdc dinh Iudng bing NaCH (c)

___________ oH 14 "
., | () e=1 @)
) c= 01 )
10 | o] @ c=001 4
) , 1 (@) c=0,001 ﬁ——_
8 Biém tugng duong 8_’
6 - pH=7.00 Biém tuong dudng
6 pH = 7,00
44 4
2] \“‘--_____h 4:’@l,_//
100mI HC1 0, 1N dinfh lng béing NaOH 0,1N B 5 b//
+~ 2
0 20 40 60 BU 100 120 140 160 180 T
Va0 gy (M) 0 20 40 60 80 100 120 140 180 180
Viaon (M)

Hinh 7.14. Trung hoa acid manh (0,1N}) Hinh 7.15. Trung hoa acid manh (c) bing base
béng base manh {0.1N) hodc ngugce iai manh (¢} vdi cac néng dd khac nhau

3.3.4. Anh huéng ctia bén chét acid manh

o) cung néng d6, dudng cong chuin dé cua cac acid manh khac nhau nhu HC],
H,S0, lai gidng nhau vi nhiing acid nay phéan ly hoan toan.

3.4. Trung hoa mét base manh B bang mét acid manh HA

Dudng cong chuin d¢ cla trudng hop nay sé dbi xting vés truong hdp trung hoa
mét acid manh HA bing mét base manh B va bién déi pH cling duge quan sat gan
diém tudng duong.

3.5. Trung hoa mét acid yéu bing mét base manh B

3.5.1. Bién déi pH

Su trung hoa dung dich CH,COOH (Ha) bing dung dich NaOH véi cting thé
tich, cing néng d6 cho th&y su bién d6i nhu sau:

— Luc bat dau : dung dich chi c6 acid yéu. Goi ¢ 1a néng dé ban diu cta dung
dich Ha.

pH dugc tinh theo céng thiic tdng quat : pH = épKa -—;- log ¢

— Trong lic chuén d6: hén hop gém mét dung dich acid Ha chua bi trung hoa
v muéi BHa do acid bi trung ho#, nghia 13 mot dung dich acid Ha (néng 4o giam
din) va base lién hop {a7] (ndng doé tang dan).

Néng do [Ha) va [a7] lién quan bdi céng thiic :
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[a”}

= : 'H = pKa + 1o 7.22
X Ha I I T (7.22)
Tinh [a7], xét cac phudng trinh:

BH'a - BH" + a (phan ly hoan toan)

a~ +H,0 S  OH +Ha
Ha S  HY +a”
H,O 5  H' +0H

Cé thé vigt: [BH'] + [H' ] = [a] + [OH | (luat trung hoa dién tich)
(7.23)

Mudi BH* a™ 1a két qua do trung hoa acid Ha bdi 1 base B thém vao va phan ly
hoan toan, ta cé: [BH'] = [B] véi [B] 1a néng dé base cho vao mdl trudng.

Vi Ha 1a acid yéu — phan ly it cho nén [H"] <<< [BH*] va [OH ] <<< [a7] (mu8i
phén ly hoan toan) nén néu bo qua {H*] va [OH] trude [BH?] va [a7] thi biéu thiic
(7.23) trc thanh:

[a’]~[BH"]=[B] (7.24)

Tinh [Ha}:

Luc ddu, Ha c6 néng d6 c. O mét thoi diém chuin dé nio d6 Ha sé tim dude
duédi dang a” hodc Ha. Nhu vay:

¢ = [Ha] + [a'] hoac [Ha] = [¢] ~ [a']

Thé [a’] bang gia tri tim thay trong (7.24) thi [Ha] ~ [¢] — [B]

Tinh pH :

phudng trinh (7.22) c6 thé thay thé Ha va a™:

_ |B]
H = pKa + log —2__ 7.25
p p g[c]_[B} ( )
iB| — of2
[c]-[B] c—ui?2

Khi [B] = ¢/2 (luc phin nua [Ha] duge trung hoa) thi; =1; va

pH = pK,. Gia tri dac biét nay cua pH (goi 1a pH ban trung hoa) khéng lién quan
dén nong 46 acid.

Ch1 y: thuong thi udc lugng bd qua {H'] va {OH] chi ¢4 thé chap nhan khi pH
gitta pH = 4 va pH = 10.

— Tai diém tudng ducng: hén hdp thu duge 1a mot dung dich musi BHa coi nhu

12 mét dung dich base a™ c6 pH duge cho theo céng thiic téng quat :

pH=7+ %pKEl +%logc
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3.5.2. Thi du cu thé (trung hoa bdng dung dich chuén N)

Trung hoa 100 ml CH,COOH 0,1N bing NaOH 1N. Khéo sat su bién déi va
tinh [H'], pH. (pK, ciia acid acetic = 4,74)
Gidi:

Bang 7.6. Bi&n da&i pH khi chudn dé CH,COOH

0,1N bing NaOH 0,1N PR o i Kioma b K oot
12 |
base acid con 10 V““Q,Ch”zf;” mau
thémvao | lai (ml) | pH clia hén hgp 1. clasmtn
(ml) 87 pH=pK,=476 Diém tueng duong
0 100 287 . Diém ban trung hoa pH = 8,73
50 50 4,74 4 ;
90 10 5.69 {~  1Vingdém,
2 Ving kié
99 1 6,73 Ving acid ng Em
99,9 0.1 7,73 0 20 40 60 80 100 120 140 160 180
100 0 8,?3 Viaon (M1}
100,1 thia [ 0,1 . ) .
101 basel 1 | 107 } ApH =1 Hinh 7.16. Trung hoa acid yéu {0,1N) bing
base manh(0,1N)

Theo bang 7.6, so véi viée trung hoa HCI 0,1N bing NaOH 0,1N, bién d6i pH
nhu sau: E

Trinh ty bién do6i pH % acid duge bang 7.6 bang 7.5
trung hoa (ApH) (ApH)

— Liic bat ddu pH bién d8i nhanh 0 - 50% 1,87 0,5

hon: 0 - 99% 3,86 thay 2,3

~ K& d6 pH bién d8i tuong tu 99-999% 1 vioog

— Y&u hon khi t8i sat sit trung hod: 99,9 - 100% 1 2.7
100 - 100,1% 1 2,7

Ch y : khi thita base manh B thi pH thay déi giéng trudng hdp clia viéc dinh
lugng acid manh bing base manh (bang 7.5) vi hén hgp lic nay 1a dung dich cia 1
base manh B va base yéu a”. C6 thé coi nhu chi ¢6 base manh B.

Nhan xét:

Khi trung hoa mét acid yéu bing mét base manh thi su thay ddi pH can diém
tuong dudng s8 it hon trong trudng hgp trung hoa mét acid manh bing mot base
manh.
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50 20 100

=]
[=]

Base manh

Hinh 7.17. Trung hoa:  a) mét acid manh béing 1 base manh.
b) mét acid y&u bang 1 base manh.

Thém + 0,1 ml dung dich chuén dé quanh gia tri ly thuyét 100 ml, pH bién déi la
2 (d61 véi trudng hgp trung hoa acid manh bing mét base manh pH bién déi 1a 5,4).

Pudng cong chuén d6 giéng nhiing trudng hgp trude. Chi ¥: diém tuong duong
luén Iuén 1a diém udn cha dudng cong chudn dé nhung gia tri pH # 7. Mit khac,
khi trung hoa 50% acid thi dudng cong nay ¢6 mét diém udn th hai tudng ung va
hic d6 pH = pK, (hinh 7.18).

Anh hudng clia néng b acid: céng thite (7.23) ching t3 ring:

—pH 6 giai doan ban trung hoa: ddc lap véi [Hal

- pH cta dung dich dau va pH tai diém tudng duong: phu thuée vao [Ha]

Két qua: Pudng cong cia mét acid yéu véi cac dé pha loding khac nhau khi
chudn dé déu di qua diém uén: pH = pK, (ban trung hod). (hinh 7.19)

100mI CH,COOH (néng dd ¢)

dinh ong bing NaQH (ndng dé ¢) 1 100mt CH,CO0H 1N

- dinh luong béng NaOH 1N
PH 14~ o - Ben pH 14 /9 ng bang
VBd es0n z
12 < Xanhc = 0,01 ~ Bo 12
. Wang e = 0,001 g: z ggg Xanh ] \
102 pH =833 Vang 10 ] (11K, = 105
pH =733 {2} K, =10
: ] 3K, = 10
8 — Bigm tuong dugng 8 E‘& K, = 107
' - = 1 (5YK, =10
8- pH=pK,=4.76 ®1 BYK, = 10
4 4 4
<~ TWang dems 1 y
' ¥ . Ung acid v ié
2 Viing acid vong kiém 2 g IVung kiem ) ‘
0 %0 40 60 30 100 0 20 40 60 80 100 120 140 160 180 200
Vo (M) Viaon (M)

Hinh 7.18. Trung hoa acid y8u (¢) cé nong dé  Hinh 7.19. Trung hoa cac acid y&u (1N) ¢6 K,
khac nhau bing base manh (c) khédc nhau bing base manh (c)
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3.5.3. Anh huéng ciia logi acid yéu

Céac gia tri pH phu thugc pK, ctua acid. Acid cang yéu pK, cang lén, dudng cong
trong thang pH cang cao, pH & diém tuong duong cang cao va budc nhady pH can
diém tuong dudng trai ra trén mét ving nhdé. (hinh 7.19)

3.6. Trung hoa mét base yéu bang mét acid manh

Dudng cong d6i xting véi trudng hgp 3.5. va budc nhay pH & can diém tudng
dudng ciing dudc quan sat tuseng tu.

Truong hgp nay pH thap hon 7: pH =% pKa — V2 1gC

pH 14 - 50ml NH, 0,1M duac dinh lugng biing HCI 0,18 ..

12 7

10_‘~~hh_ﬁ_ i

Di#m tuong duong pH = 8,73

Biém tuong duong pH = 5,27

1

2 Ttee—el
1 50m! CH,COOH 0,1M dude dinh lugng bing NaOH 0,1M
o 20 40 80 80 100
Vaon (M)

Hinh 7.20. Trung hoa base yé&u (0,1N) bidng acid manh (¢) va ngudc lai
3.7. Trung hoa mdt acid manh HA bing mét base y&u

— Trong HWic chuiin d6, hén hop gébm mot dung dich acid manh HA va acid yéu
bH" (do su phan ly mudi bHA va véi mét uée lugng chap nhan thi dung dich dudge
col nhu chi ¢6 acid manh HA),

- Truée khi dén diém tuong duong, dudng cong tucng Ung khac rit it véi
dudng cong trung hoa mdt acid manh bdi mét base manh, nhung sau diém tuong
duong thi bién ddi pH dot ngot kém tha hon.

— Nhu vay, buée nhdy pH & can diém tuong dudng trai trén mét vung pH nhé
hon trucng hgp trung hoa acid manh bdi mét base manh.(hinh 7.21)
3.8. Trung hoa mét acid yéu bang mét base yé&u

3.8.1. Bién déi pH

— Lic bat diu: goi ¢ 1a néng d8 ban dau ctia dung dich acid HA, pH theo cong
thitc tong quat: pH =1/2 pK, -1/2 log c.

— Trong Hic chuin d6: bién d6i pH hoi khac véi trudng hop trung hoa acid yéu
bing base manh.
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~ Tai diém tuong duong: hén hop gom dung dich cia muéi bHa ma pH theo
cong thiic téng quat:
pH =% pK_ + 2 pKbH'
(+ia tri nay déc lap véi néng d6, gan bang 7 khi lue cua acid va base
gidng nhau.

3.8.2. Ddc diém cua dudng cong truﬁg hod

— Trude diém tuong duong: dudng cong trung hoa hoi khac véi trudng hop
trung hoi mét acid yéu bing mét base manh.

— Sau diém tuong duong: hot khie véi trudng hop trung hoa mét base yéu bing
mét acid manh.

Két qua: Bién déi pH & can diém tuong duong kém thé hon trong trudng hop
trung hoa bang mét base manh. Buéc nhdy pH chi trai trén 1 ving rat nhd. Néu
acid va base kha yéu thi diém tuong duong khéng danh diu duge bing diém udn
nita nén rit khé xac dinh (hinh 7.22).

pH A pH

10t
|

10F

— MW kO oD D
- fJ o B =00 D
— T T T T

0 50 90 100 50 80 100

Hinh 7.21. Budng cong chuian dé khi trung Hinh 7.22. Budng cong chuan dé khi trung
hoa 1 acid manh béing 1 base yéu hoa 1 acid yéu bdng 1 base yéu

3.9. Trung hoa acid da chitc (polyprotic acid)

Van dé dat ra l1a cac luc acid khac nhau clia cac chiic acid trong mét acid da
chuc c6 thé duge x4ce dinh dude khi trung hoa hay khéng nghia 14 néu dudng cong
chufn dd trung hoa ¢6 nhidu diém uén thi cac diém udn nay sé tuong ung vl ting
diém tuchg duong ctia cac chite acid hay khéng.

3.9.1. Cdc chire acid co luc manh

Puong cong trung hoa 1 acid manh (cho tat ca acid da chic hay don chite ¢6 luc
manh) bang 1 base manh luén giéng nhau. Két qua 1a trong lic chuén d6 khong thé
phan biét nhiéu chiic acid khae nhau cia mét acid da chiic (polyprotic acid). Nhu
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vay, trong méi trudng nude thi dudng cong trung hoa ctia HCl 1IN bing NaOH 1N
gidng nhu trudng hgp chudn dé H,SO, 1N bing NaOH 1N va phép dinh lugng khong
tach biét duge hat chitc acid cua H,S0,.

3.9.2. Cdc chitc acid ¢é6 luc khdc nhau

C6 thé phan bist nhitng diém tudng duong khéc nhau véi didu kién 12 lyc ciia

cac chiie acid trong mot acid da chiic phai du khac.

Thi du: c6 thé phan biét luc ctia ba chitic acid khac nhau cda acid phosphoric

H:’;PO“.

pK, =21 (H,PO, 5 H" + H,PO,)
pK,, =72 (H,PO, 5 H' +HPOL)

pK,, =124 (HPO; S H' +PO})

Ngudi ta c6 thé tinh gia tri pH tuong ting & nhiing di€ém khac nhau cia dudng

cong trung hoa H,PO, 0,1M bang NaOH 0,1N khi bd qua su pha loang (hinh 7.23)

HPO,”)=[PO," |
pH 14+ pi, = 12,4
Budng con 0 oo oo )
chuén dé cla 12t " Di€m két thuc
acid . P i |hirba
. 10 [H,PO,TFHPC,? ) '
phosphoric "~ \
H,PO PK, 272 AN .
(H,PO.) 8 ! iém kétthue !
6 HHPOJIH,PO, ] ¢ thirba I
1
al pK, = 2,1 : :
' ! !
2 | DigmKétthic !
1 thir nhat . !
L
1 1 1 : 1 )

0 0.5 1,0 1.5 2.0 25 3.0

o pe Kz=7.2 ﬁ) T pKE12.4 ﬁ
1] K# 2.1 Il PR=7 12
HO—P_OH' = —Ho— P Fee @ b =— &p—&F
bu bu L .
: : K

Hinh 7.23. Trung hoa acid da chirc yéu bing base manh

— Liic bdt ddu: (chi xét chiic acid thi nhat, nhiing chic acid sau c¢6 lue yéu, b

thé b qua).

1 1 1 1
H=-pKa,- =lgc==.2,1- = 1g0,1 = 1,05 — (-0,5) =1,55
P 5 PRai - 2 lg 5 2g (-0,5)

— 3 giai doan ban trung hod clia chiic acid thit nhat:

pH = pKal =21; pKall yéu, gia tri pH nhd.

3 diém tudng duong thit nhit (xem nhu hén hgp lic nay 1a dung dich clia chat

luéng tinh HyPOy, bd qua chic acid thi ba do Iyc yéu nhat).
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1

H:
PE=5

pK, + _12_ pK, =1,05+3,6=4,65.

T

- O giai doan ban trung hoa ciia chiic acid thi hai : pH = pK,, =72
O diém tudng dudng thit hai (xem nhu hén hop lde nay 14 dung dich cua chat
ludng tinh HPOZ ™) :
1
2
— Ban trung hoa cua chiic acid thd ba : pH = pKa:} =12,4

pH = %pKaﬂ +-pK, =36+62=98

O diém tuong duong thit ba (xem nhu hén hgp lic nay la dung dich caa base
PO37)

pH =7+ %pKaH + %logC=7+6,2—0,5= 12,7

Nhu vay, c6 thé xac dinh ré hai diém tucng duong diu tién dé dinh lugng hai
chiic acid ddu tién. Ngudce lai, diém tuong duong thi ba khéng thé danh gia trén
duong cong vi chite acid thi ba ¢6 luc qua yéu.

3.9.3. Cdc chitc acid ciia mét acid da chitc ¢é cdc pK, gdn nhau

D& phan biét duge rd rang hai diém tueng duong thudng phai xét: pKaQ — pKEll >4,

Thi du : Acid tartric pK,= 2,5; pK,= 4,2 khong thé xac dinh ré 2 diém
tuong duong.

3.10. K&t gua thuc nghiém trong phan tich chuan dé

Khi téng két cac dudng cong chuin dd, ngudi ta thay c6 nhitng nét chung :
— Diém tuong duong la diém udn clia dudng chuan do.
— Cac dudng chufin d6 c6 thé khic nhau vé& dang luc gan dén diém tuong
duong nghia 1a khi ¢6 su thay déi vé pH.
+ Né&u acid va base manh: Thay déi nay rat dét ngét va phi moét ving pH
rong lén.
+ Né&u mét trong nhiing chit d6i khang yéu va chit kia manh: thay déi kém
dot ngdt hon nhung phi mot vang pH con ¢6 thé danh gia dudgc.
+ Néu acid va base déu la hai chat yéu: Thay déi tit tit va khé phan biét dude
ving thay déi pH.
Vi diém tuong duong duge danh gia theo su thay déi pH ngudi ta ¢6 thé
két luan:
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~ Dinh lugng c6 thé dat dén su chinh xac 16n néu hai chat déi khang déu manh.

— Dinh luong ¢6 thé thuc hién chinh xac khi mdt trong nhiing chit déi
khang yéu.

— Pinh lugng sé kém chinh xac néu 2 chat déi khang déu yéu.

Cht y: Dé danh gid diém tuong duong dé& hon, ¢6 thé vé dudng dao ham bac

- d H - = At ~r . . ~ . + ~ ~ N
nhat *:11)7 =1(V) . M1 diém uén tuong ing véi mot eue dai cia dudng dao ham nay.

a) Chon thuéc thiz chudn d¢: chon nhiing chat phan ly H* manh trong dung
mdi khao sat.

b) Chon nong dé thuée thir : khi pha loang 1/10 dung dich chat khao sat, bién
déi pH gidm 2 don vi. Do d6 dé dang két luan 1a khi thuc hanh véi dung dich dam
ddc N hay N/10 thich hgp hon 12 dung dich qua leang (vi s& kém chinh xac).

¢) Chon dung moi

— Hoa tan nhat. Thi du : acid béo mach dai hoa tan trong ethanol dé& hon
trong nudc.

- Phat hién t6t nhat tinh acid (hay base): thi du: trong acid acetic, dinh lugng
alcaloid dé hon trong nude.

3.11. Thuén 1¢i clia dudng chuin do trung hoa

a) Bdnh gid lic cua acid hay base

Dang cua dudng cong va vi tri clia no6 s& cho y tudng vé luc cia acid hay base.
Nhu vay acid cang yéu thi dudng chuan dé cang cao va base cang yéu thi dudng
chuan dd cang thap.

b) Xdc dinh pK,

— Do pH 6 Iic ban trung hoa sé xac dinh duge pK, vi lic dé pH= pK,.

- Do nhiéu pH trong khi trung hoa. That vay, pK, dugc tinh theo pH sau khi

Bl Pinh pK,
¢~ |B]

bang cach do pH & nhiing gia tri [B] khac nhau, thi du: [B] = ¢/10, 2¢/10, 3¢/10...

thém base chuan dé [B] vao acid ¢6 néng dé ¢ : pK, = pH - log

- Trung binh nhiing két qua nay ¢6 thé c6 dude pK, kha chinh xac.

4. DUNG DICH DEM

Tam quan trong cua dung dich dém thé hién trén mol linh vye khoa hoc cua
doi s6ng vi bat ky mot hé théng sinh hoc nao cliing phu thude vao pH.

140



Thi du: khi cho 1ml HC] 10M vao mét lit dung dich NaCl 0,15M, pH = 7 thi
dung dich mdi s& ¢6 pH = 2 nhung khi thém 1ml HC] 10M vao mét lit huyét tuong
c6 pH = 7,4 thi dung dich nay sé c6 pH =7,2 (do trong huyét tudng ¢é hé dém).

4.1. Dinh nghia

Dung dich dém 1a dung dich khang lai su thay déi pH khi thém acid hay base
manh vao dung dich hoac 13 dung dich ma khi pha loang thi pH cua dung dich
thay déi it. Su thay déi nay thudng 6 trong mét vung giéi han pH.

4.2, Thanh phan

Dung dich dém la dung dich chiia trong mét dung mo1 phan ly (nhu nuée),
hodc mot acid yéu va mudi ciia mdt acid yéu (= acid y&u va base lién hgp cla né).
Dung dich dém nay thudng ¢6 pH acid. Hoidc mot base yéu va mudi cua mdt base
yéu (= base yéu va acid lién hop cda né). Dung dich dém nay thuong c¢o pH kiém.

4.3. Co ché cua hiéu ftng dém

Xét mot dung dich hoén hgp ctua acid (hay base) yéu va mudi clia base (hay
acid) manh nhu dung dich acid acetic (Ha) va mudi acetat Na (BHa) trong nuéc.

Muéi hoa tan trong nudc phan ly hoan toan: BH" a~ —» BH' + a~ (7.26)
Trucng hgp acid trong nude: Ha + H,O S H,O'+a (7.27)
+ o
K = IH Ixfa ] (7.28)
[Ha]

Trong cac biéu thiic trén:

—a ¢6 duge tir mudl BH' a” (7.26) ma cling ¢6 duge tir acid Ha, do d6 [a™ ] ting
ty 1& thuan véi [Ha] (7.27).

- D€ duy tri gia tri K, én dinh thi khi [a7] ting [Ha] cing phai ting (7.28) ma
khi [Ha] tang thi acid sé khong bi phén ly (nghia la kh6éng ion hoa duge) va nhu
vay s8 ¢6 sy lUi ion hoa (reticulation) cua acid. Diéu nay lai cang phai cha y khi
cho acetat [a ] t&f mudi (7.26) vao véi luong cang 16n vi [a7] lai két hop véi [H'] cua
(7.27) dé tao Ha. Luc 4y pH sé phu thude vao ty 1é tuong déi cha acid Ha va cua
mudi BH* a2~ (cAc bang 7.7; 7.8; 7.9).

Nhu vay, khi trong dung dich ¢6 cacion BH*, a va H' cing lac thi:

— Néu thém acid manh AH: acid nay khi phan ly sé tang thém H* nhung da s6
H' nay tac dong véi a” dé tao thanh nhiing phan ti Ha la acid yéu. Do vay pH thay
déi it.
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— Néu thém base manh B: base s& gdn véi H tao acid BH* (1a acid c6 lyc gin
nhu bang 0). Acid BH" tiép tuc phan tng véi a~ tao mudi BH* a~. Phan ung (7.26)
lai phat trién vé phia sy phén ly va tao thanh base y&u a- va BH* la acid cé hic
gan nhu béng 0. Base manh B bj thé bing mét base yéu a”, it bi phan ly. Két qua
1a pH thay d6i it.

— Gidi han cua tac déng dém: Né&u tiép tuc thém vao dung dich dém hoic acid
manh hodc base manh thi sé& dén luc hau nhu toan bd a’ dude trung tinh hoa bang
acid (hay ngudge lai nhiing phén ti Ha s& duge trung tinh hoa bing base). K& tit Itic
nay, thém mét lugng mdéi nhitng chdt phan ly H* vio nila s& dan dén thay d6i pH
dot ngdt va tae dong dém bi hity.
¢ Chuy:

D¢ ¢6 tde déng dém, cén phéi cé cing luc mot acid yéu va mot base yéu lién
hop. Do véy, theo Iy thuyét thi khong thé dém vdi chi mét acid yéu hay chi mét base
yéu. Tuy nhién déi khi trong thuc té ciing dém moét dung dich acid manh bdang mot
base yéu.

Thi du: trong thuc hanh, khi dém mét dung dich nitric bang lugng thita acetat
Na thi trude tién acid manh tdc déng toan phdn trén acetat dé tao thanh acid
acetic, ké do trong dung dich c6 mét acid yéu (la acid acetic) va base lién hop
(acetat) cua no. Ddy chinh la thanh phéin cua dung dich dém.

4.4. Dy doan kha ning dém nhd vao dwdng cong chuin dé trung hoa

— Kha nang dém: khoang pH ma trong d6 dung dich dém con nang luc dém
(phan Ung cho hay nhan proton ma khéng c6 bién d6i quan trong vé& pH).

4
pH

gl

a8t

71

18
pz+1 5 ""““K-h-e'lﬁn‘éng dém
EK—1 o Y S ¢ -

3

2

1

0

% acid §a trung hoa

Hinh 7.24. Budng cong chuin do biéu dién kha ning dém
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Khoang bién d6i gidi han cia pH nay gin nhu nam ngang va thé hién bing
mét dd dée rat nhd trén dudng cong chuan d6 (hinh 7,16).

Trén hinh 7.24, ta thay & giai doan ban trung hod pH = pK, thi ¢6 kha
nang dém.

4.5. Panh gia kha ning dém

Kha niang dém cang 16n khi mdt s8 lugng 16n dung dich dém dudge cho vao dung
dich khao sat. O mot ndng d6 xéac dinh cla dung dich dém thi kha nang dém 14 lén
nhat khi ¢6 mit acid va base lién hgp cia dém véi ndng &6 tuong dudng
(equimolar). Dé chinh 1a vi tri diém uéhn clia dudng chudn dé (hinh 7.24).

Khi thuc hanh, d& dung dich dém con hiéu qua, ngudi ta nhan thiy néng db
acid yéu [Ha] hay [bH*] bing it nhat 1a 10% [base] (vi ngugc lai).

pH clia dém dugce tinh theo ¢dng thic téng quat lién quan d&én pH va pKa:

_ [base |
H=pK + g2~ °
P P2 g[acidl

Nhu vay:

—néu [base] gdp 10 14n [acid] thi pH=pK, +1

- néu {acid] gdp 10 1an [base] thi pH=pK, -1

— kha nang dém: pH=pK, + 1

Nhu vay, khi ¢6 qua nhiéu acid hay base thém vao thi pH s& vugt ra ngoai
viung dém va pH sé ting hay giam nhanh. Kha ning dém lién quan dén lugng
chit ¢6 thé thém vio dung dich ma khéng gy ra mét su thay ddi hoat d6 ion c6 ¢
nghia nao.

— Dung lugng dém (buffer capacity) acid — base cia mdt dung dich cAn duy tri
pH.: 12 s8 lugng (mmol) clia acid manh hay base manh thém vao 1 lit dung dich nay
(mmoV/1 hay mM) dé lam thay déi 1 don vi pH. '

4.6. Kha nang dém & pH rat thap (hay rat cao)

Khi trung hoa mot dung dich acid manh (HCI) trong nuée bang mét dung dich
chuan base manh (NaOH hay KOH) sé nhan thay dutng cong gin nhu bing phing
gitia pH = 0 va pH = 2 nghia 12 § d6 ¢6 mét kha nang dém (du khéng c6 diém udn
nhu 6 giai doan ban trung hoa).

Hién tugng nay dude méd ta khi xét mot acid manh va mét base ¢é luc gan nhu
bang 0 (Thi du: cap HCl/ C1').
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Trong truong hgp acid manh mét cach ly tudng, tac dong dém van hién hiu vi
né dung chinh cap dung mdi H,0'/ H,O.
[H,0]

pH = pK +1ig

Bédng 7.7. Bém KCI — HCI giira pH = 1,0 va pH = 2,2 {theo Clark va Clubs)

Dung dich KCI G,2N  (ml} 25 25 25 25 25 25 25
HCI 0.2N (mly | 48,50 32,25 20,75 13,15 8,40 5,30 3,35
Nudc vita 6d {ml) 100 100 100 100 100 100 100
pH 3 20°C - _ 1,0 1.2 14 1,6 1.8 20 2.2

4.7. Tinh pH cua dung dich dém
Phén biét hai trudng hop

Dung dich dém chia acid yéu va base lién hgp ctia né: néu hdn hop dém gém
acid yéu Ha va base lién hop cua né (duéi dang mudi Ma) thi trong dung dich ¢é
cac gua trinh dién ly: "

+ Truong hgp acid trong nugée: Ha+H,0 S H,0* +a

Ma = M +a”
s L e dx i [H)x[a]
Héang s6 dién ly cua acid Ha duge biéu dien bang hé thie: K = w—-wm ]
1a

trong d6 Cy,, C,— C,., 12 néng dd cac ion H*, a” va Ha lic can bang.

H: Ch,
Clll: Ka . I _d] = Kﬂ . -
la” | Cor
Lay logarit va dao vé, ta co:
C, _ C, .
~lg Gy =-1g K, +1g hay pH =pK, +1g £ (7.29)
Ha Ha

Hé thuc nay cho phép tinh pH cta dung dich dém chiia acid yéu va mudi
cua no.

Dung dich dém chiia base yéu va acid lién hop clia né (duéi dang mudi Ma) :
e Truong hgp base trong nuéc: a~+ H,0 < OH +Ha

Ma S M +a”
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Hang s6 dién ly clia base a- dudc biéu dién bang hé thic:

K, - [OH Ix[Hal
fa ]
a” C
OHT=K, "t =k, v
[Ha] Cha
Lay logarit dao 2 vé, ta cé:
~lg Co =-1g K, - 1lg hay pOH = pK, - lg —=~ (7.30)
Ha Ha

ma pH + pOH =14 = pOH = 14 - pH

pH= 14 — pK, +1g o
CHa
Hé thiic nay cho phép tinh pH cua dung dich dém chiia base yéu va mudi cia
né, trong d6 Co—, C,— C,. 12 ndng @6 cac ion OH", a” va ctia Ha ltc cdn bang. pH
niy chi phu thuée vio ty s6 néng do acid hoidec base yéu va mudi eirta né chit khéng
phu thudc d6 pha loang hén hap.

4.8. Ung dung ctia dung dich dém

— Thiét lap va duy tri hoat d6 ion hydro dé chudn hod may do pH: cac dung
dich dém hay duogc st dung c6 pH: 4,01: 7,00: 9.00

- Lam 6n dinh pH trong thanh phan pha ché clia cic quy trinh dinh luong do
quang phé UV- Vis.

— Lam én dinh pH trong thanh phan cia mét s6 pha dong khi trién khai séc
ky long hiéu ning cao. {thi du: hé dém phosphat...)

— Diéu ché cac dang dinh luong gin véi diém dang dién (approach isotonicity).

— Thue hanh trong cic quy trinh phan tich, nhat 1a khi phéan tich cac dich sinh
hoe. Cae dung dich dém duge ding trong cac hé thdng sinh 1y dude chon cin than
dé khéng can thiép vao hoat tinh duge luc ctia thude hay chiic nang binh thudng
clia co thé.

Nhiéu thit nghiém va quy trinh dinh lugng trong Duge dién doi héi phai diéu
chinh dén pH mong mudén hay duy tri § pH chuyén biét bang cach thém dung dich
dém. Khi do pH, cAn phai ¢6 dung dich dém chuan.

Cac dung dich dém chu yéu duge dung trong phan tich hoa hoc phai tudng
thich v6i cac chat xac dinh va thude thii sit dung.
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4.9. Vai eéng thuc pha ch€ dung dich dém theo pH yéu cau

4.9.1. Dém ciia acid yéu + muéi cita acid yéu va base manh

Bang 7.8. Cong thiic pha dém aceto — acetic cé pH=3,6 - 5,6

Dd a. acetic N(ml) | 18,5] 17.6] 16.4] 14.7] 12.6] 102] 80| 59] 421 28] 19
DdacetatNaM(ml) | 15| 24| 36| 53| 74| 98| 12| 141]| 158! 17.1| 181
NUGc cat v.d (ml) 100| 100| 100| 100| 100| 100! 100| 100| 100| 100| 100
oH 36| 38| 40| 42| 44| 46| 48| 501 52| 54| 56
Bang 7.9. Céng thirc pha dém acid citric — phosphat dinatri c6 pH = 2,2 - 8,0
Acid citric 0.1M 98] 938] 891 84.15] 7945] 753] 715] 678] 645
hat dinatri

Phosphat dinatr 1000 40| 100 100 100 100{ 100| 100 100
0, 1M v.d (mi)

pH & 21°C 221 24| 26 28 30| 32| 34| 36| 38
Acid citric 0.1M 6145|5860 55,90 | 53,95 50.70 | 48.50| 46.40| 44.25] 45] 3055
Phosphat dinati 0.1M| 401 4501 100| 100! 4100| 100| 100| 400{100| 100
v.d (ml)

oH & 21°C 40| 42| 44| 46| 48| 50| 521 54| 56| 58
Acid citric 0,1M 36,85 33,90 ] 30,75] 27.25| 22.75| 18.15| 13.05] 9.15] 6.35] 4.30] 2.75
Phosphat — dinalri| 400l 400! 100| 100| 100! 100| 100| 100| 100| 100! 100
0,1M v.d (ml)

pH & 21°C 60| 62| 64| 66| 68 70| 72| 74| 76| 78| 80

4.9.2. Dém cia base yéu + muéi cia acid manh va base yéu
Bang 7.10. Cong thirc pha dém “tris” hay THAM

Tris 0.2M (24,20g71) 251 25| 25| 25| 251 25| 25| 25| 25| 28
HCI 0.2N 221] 207{ 192| 163| 13.4| 110| 83| 61| 41| 25
Nuéc cét v. d (mi) 100 100! 100| 100| 100| 100| 100| 100| 100| 100
oH & 23°C 72| 74| 76| 76| 80| 62| 84| 86| 88| 90

Tris ¢(hydroxymethyl) amino methan ¢é6 pH =7,2 - 9,0

Trong cac thi du trén, nhiéu ciip acid — base lién hdp dude van dung nhu: acid

citric va cAc lon citrat; phosphat diacid — phosphat monoacid.

Ngoai ra trong cac duge dién (USP, BP....) ciing c6 néu cach pha ché& nhiing

cong thie dém chuan thudng dung khac.
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5. UNG DUNG CUA PHUONG PHAP ACID -BASE

5.1. Dinh lugng acid
5.1.1. Dinh luong acid manh trong nudc

Néu dinh Iudng mét acid manh béing base manh véi néng d6 cao thi bude nhay
pH dai, do d6 hau hét chi thi déu st dung dude. Khi dung dich dudc pha loang
(0,01N) pH thay d6i y&u hon nén chon lua chi thi phai giéi han.

Bang 7.11. pK cla vai acid trong nudc,

acid vb cd pK, pK, pK; acid hiu co pK, p¥, pK,4
sulfuric H,SO, 19 oxalic 1.2 43
sulfurg H,S0, 1.8 7.2 tartric 2,5 4,2
phosphoric H,PC, 2,1 7.2 12.4 | citric 3,1 48 6.4
arsenic H,AsO, 2.2 7.0 11,5 | formic 3,8
nydroflucric HF 3,2 ' lactic 3.9
nitrg HNO, 33 benzoic 42
carbonic H,CO, 6,4 10,3 acetic 4.7
sulfurg H,5 7.0 13,8 diethylmalonyluré 7.4
boric H,BO, 9,1 12,7 | 13,8 | phenol
cyanhydric HCN g4 9.9

5.1.2. Dinh lugng acid yéu trong nude

Khi dinh lugng cac acid mach thing ¢é trong lugng phan ti hai cao nhu cac
acid alcol (acid lactic, acid tartric, acid citric) bing kiém thi su chuyén mau xay ra
trong viing kiém. Dung dich dé chuén d6 khéng dude ¢é carbonat (baryt).

Néu ndng d6 acid qua thdp, ving chuyén mau kéo dai nén thich hgp hon la
phai thay d6i dung moi.

5.1.3. Dinh lugng acid rdt yéu trong nudc (acid béo nding, acid boric)

Diém tuong duong duge tim thay ¢ pH rat cao nén chi thi si dung khéng
chuyén mau hoan toan. Phai kich thich tinh acid bang cich sl dung mét trong
nhiing phudng phap sau:
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- Hoa tan acid rdt yéu trong mot dung méi tré nhan proton (butylamin,
ethylen diamin, dimethyl formamid, pyridin, tetrahydrofuran) va dung dich dé
chuidn d6 1a natri methylat hay hydroxyd tetrabutyl-ammonium. Trong trudng

hgp nay, anhydrid carbonic ¢é vai trd mét acid manh do dé phai thuyc hién trong
khi quyén nitg.

— Hoa tan acid rat y&u trong mét dung méi khac t6t hon nude: c6 thé dang cén
tinh khiét dé thu duge dung dich ¢6 néng d6 dam dic nhim dinh lugng tdt nhat.
Thi du: acid béo day dai, it tan trong nudc nhung tan trong cn.

pH
3
o—{H HO OH H|— :
[
/B 7
aF
o OH H|.— ol
| 10
H 11
12
13 N
Hinh 7.25. Lién két clia boric Hinh 7.26. Chuan dd chi acid boric (1) va chuan do
vai nudc acid boric khi cé6 mat mannitol {(2)

— Tao phitc d€ ¢6 thé lam tang tinh acid: Thi du: acid boric (pK = 9,2) néu
c6 mit polyol (glycerol hay mannitol) s& tao phiic. Phiic polyol-boric cé pK, = 4 dé
dinh higng bing NaOH.

5.1.4. Dinh luong muéi ctia acid manh va base yéu
Acid bH" ¢6 thé dinh Iugng khi luc kha manh.
Thi du: NH," ¢6 Iuc rdt gan acid boric.

Néu base b rit yéu (alcaloid), acid lién hgp bH* ¢6 luc that su va ¢6 thé dinh
lugng truyc tiép (st dung acid acetic 1am dung méoi).

Néu base b manh hon, bH* ¢6 Iye rit y&u va thudng ding phuohg phap chuin
d ngugc sau khi phéng thich base va chiét bang dung méi (thi du nhu cac
alcaloid).

5.2, Dinh lugng base
5.2.1. Dinh lugng base manh trong nudce

Gibng nhu trudng hgp dinh lugng mét acid manh.
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5.2.2, Pinh ludgng base yéu trong nudc

Bdng 7.12. pK, cua vai base trong nudc

Base pK, pK, Base pK, Base pK,
Guanidin 13,5 | Ethanolamin 95 Quinolein 50
Dibutylamin 11,5 | Ephedrin 9,5 Anilin 46
Triethylamin 10,9 | Amoniac Hydroxylamin 9,256,0 | Dicloroanilin 2.1
Methylamin 10,7 { Pyridin 5,2 Acetoxim 1.8
Ethylen—diamin 6.8 9,9 | Hexamethylentetramin 5.1 Ciphenylamin 0,8

| Piperazin 57 98 Uré 0.4

Phai dinh lugng bing acid manh, pH & diém tudng ducng s& nhé han 7. Viéc
chon chi thi tiy vao pK, clia acid lién hgp véi base chuan dé. Amoniac 1a trudng
hop dic biét quan trong.

5.2.3. Dinh luong base rdt yéu trong nudc

pH ctua dung dich duge chuan dé thudng dudi 10.

Thi du: amin dude dung: amphetamin, alcaloid va amid.

Céac phuong phap dinh luong sau day thuong duge khao sat:

— Pinh ludng truc tiép: chi thuc hién dugde khi pK, du cao va base ¢6 thé tan
trong nude. Phai dung mét dung dich dam dic va chi thi chuyén mau trong méi
trudng rat acid (xanh thymol pH = 2,8 -1,2) néu khong thi sé& ¢6 su thuy phan mudi
tao thanh va sy chuyén mau kéo dai ra.

— Pinh lugng bang phuong phap thira trir: Ap dung d6i véi alcaloid, dung
base dé gin vao alcaloid va chiét bang dung méi hiiu cd. Sau dé6 chuyén alcaloid
base sang dang acid bang mdt dung dich acid da biét dé chuin va thé tich, lugng
thuia acid duge dinh lugng va dung chi thi mau trong vung acid (néu khéng thi
acid bH' tao thanh sé& tac dong trd lai).

— Pinh lugng trong méi trudng con nude: mac du kha hic dién ly ctia con
thap hon nude, tac dong cla cdn c6 thé chi€ém uu thé véi diéu kién:

— Base kha manh.

— Pha loang nhiéu 6 diém tudng dudng dé nang cao kha luc dién ly.

— Dinh luwgng trong mot dung méi sinh proton hon

Thi du: dung méi 12 acid acetic sé lam tang tinh base cua cafein {(alcaloid) va
do d6 dé chuan dd cafein bing acid percloric. Ngoai ra khi dinh lugng alcaloid ciing
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¢6 thé dang acid formic it phan ly hay hén hgp hai dung méi nay acid acetic va
acid formic.

5.2.4. Dinh luong muéi ciia acid yéu va base manh

a” la base tao thanh s& dudc dinh lugng (Natri acetat, natri carbonat)
Dinh lugng nhiing carbonat trong mét hydroxyd

a) B + H,0* — BH* + H,0 diém tuong duong é pH = 11,0
by CO3 + H,0* — HCO; +H,0 diém tuong duong & pH = 8,3
¢y HCO; + H,0* —» €O, +2H,0 diém tuong duong & pH = 3,5

Hai phudng trinh sau st dung cing mét lugng acid, nhu vay c6 thé phan biét
base va carbonat.

5.2.5. Dinh lugng mudi cua acid manh va base manh; muéi cia acid
yéu va base yéu va chdt luéng tinh

— Muéi cia acid manh va base manh khéng ¢é tinh acid hodc base vi cic anion
va cation ¢6 lyc coi nhu bi bo qua.

— Mubi clia acid y&u va base yéu tao nén cung lic cac acid va base ¢é luc.
Khéng thé dinh lugng truc tiép bang phép do acid — base. Trong thyc t& khéng thé
dinh lugng acetat alcaloid trong méi truong nude. Nhung c¢6 thé st dung céc tac
dong sau:

a) Tdc déng ciia dung méi; c6 thé giam lyc ctia 1 trong nhiing cdu ti hay ting
lyc cua cac chat hoa tan bang tac dong ua proton ctia dung méi.
b) Tde dong hod hoc:

o Binh luong muéi amoniac: thém formol vao dung dich dé tao thanh
hexamethylen tetramin khéng ¢6 tinh base trong nuéc:

4NHj; + 6HCHO + 4H,0 — (CH,);N, + 4H,0' + 6H,0
lic dé acid yéu NH} duge chuyén thanh acid manh H,0*
B Dinh luong nhitng amino acid (phuong phdp Sorensen)
Gidng nhu trudng hgp cua mudl amoniac: véi formol tao mdt base Schiff.
R—CH—NH,; + O=CH; — R—~?H—N= CH; + H,0
COOH COOH

Base nay rit yéu va khéng can trg viée dinh lugng carboxyl.
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¥ Dinh luong nhitng halogenid trong mai truong acid acetic. (alcaloid hay ion
kiem)

— Trong méi truong nude, ngudi ta c6: bH*X"; X 1a 1 base ¢6 luc bang 0, bH* 1a
acid that su.

— Trong mé: trudng acid acetic khan, bH* trd thanh BH* ; X' 14 base cé luc that
sy vi lién hgp véi acid yéu trong mdi trudng nay. Viée dinh lugng base yéu nay khé
va kém chinh x4c. Do vay, ngudi ta khi ion X thanh dang phie thiy ngan.

Acetat thuy ngéin chinh 13 mét phuc chdt (khéng phéng thich ion acetat mang
tinh base) sé tic dong trén halogenid cho mot phiic chat bén hon.

Hg(CH,COQ0), + 2X~ — [HgX,]2CH,CO0"

Base X~ y&u dudc thé bang base manh CH,COO".

5.3. Xac dinh mét s6 nguyén to

Vai nguyén té nhu C, N, S, Cl, Br, F .... dugc dinh lugng bing phucng phap
trung hod. Tuy ting trudng hop, nhiing nguyén té nay dude chuyén thanh acid hay
base v6 co dé duge chudn dd.

5.3.1. Nitrogen

Thudng c6 trong acid amin, protein, thude nhudém....

" Phuong phap chung dé xac dinh nito hitu ¢d: Phusng phap Kjeldahl.

— Nguyén tdc: Mau thi duge phan hay bing H,S0, dam dac, néng. Nitd phan
huy thanh ion amonium. Dung dich chiia ion nay dugc lam lanh, pha loang, dem
chung c&t. Amoniac phéng thich ra duge cho vao dung dich chtia acid va xac dinh
bing phuong phap chuin dé trung hoa. €6 nhidu phudng phap dé thu khi amoniac
va dinh Iugng amoniac. Hai phuong phap chinh la:

Phuong phdp 1

Amoniac duge phéng thich s& dugc vio 1 thé tich acid da biét chinh xac ndng
d5. Dinh lugng acid thita biang base chuan. Chi thi chuyén mau & ving acid do
tinh acid ctia ion ammonium c6 mit ¢ diém tuong ducng.

Phuong phdap 2

Amoniac duge phéng thich vao mét lugng thira acid boric

H,BO, + NH, - NH} + H,BO;

Ion dihydrogen borat duge sinh ra la 1 base manh ¢6 thé dudc chuin do bang
dung dich chuan HCl

H,BO; + H,0" - H,BO, + H,0

Chi thi: Bromocresol luc chuyén mau trong ving acid
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5.3.2. Dinh luong Sulfur
Sulfur trong nhiing chit sinh hoc dudc xac dinh bang cach d6t chay trong
khi H,
S — SO, (hoiac SO, thu thap va chung cit
50, (kh1) + H,0, — H.50,
Chuan dé H,S0, bing base chuén

5.4. Dinh lugng cac hgp chat vo co
5.4.1. Pinh lugng muéi amoniac
Dung base manh dé diy amoniac ra rdi chung cit bang dung cu Kjeldahl.
5.4.2. Dinh luong nitrat va nitrit
Dung hdp kim Devarda (50% Cu, 45% Al, 5% Zn) dé khi nhiing ion niy thanh

ion ammonium réi chung cit hoan toan dé 1ay amoniac va dinh lugng. Ngoai ra,
hgp kim Arnd (60% Cu, Mg 40%) cung dugc st dung.

5.4.3. Pinh lugng carbonat va hén hop carbonat

Trong phuong phap chuin d6 trung hoa thi viéc dinh tinh, dinh lugng cac dung
dich chita Na,CO,, NaHCO,, NaOH ¢ dang riéng hay dang hén hgp cho nhiing thi
du rit dang quan tdm: do phan 1ing loai di chat thit ba nén trong 1 lugng thich hgp
cua bat ky dung dich nio ciing chi chia 2 trong 3 thanh phin: NaOH + NaHCO,
— Na,CO, (dén khi mét hay ca hai chat phan ng ban dau dude dung hét).

— Néu NaOH dugec tiéu thu thi dung dich chi con Na,CO,, va NaOH.

~ Néu lugng NaHCO, bi yéu di thi con Na,CO,va NaOH.

- Néu lugng NaHCO,va NaOH tuong duong dude tron lan thi chat tan chi
yéu s& 1a Na,CO,.

Viée phan tich tién hanh qua 2 bude:
— Budc 1 v6i chi thi viing kiém: phenolphtalein (Ky hidu 1a ¢g)

- Buéde 2 véi chi thi ving acid: bromocresol luc (viét tat 1a beg: Bromocresol

green)

Khi chuéin d6 cac mau c6 thé tich bang nhau thi ¢6 thé suy ra duge thanh phan

ctia dung dich dua vao thé tich tuong ddi cua acid cin chuin.
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Badng 7.13. Chuan dé cac dung dich chita Na,C0,, NaHCO,, NaOH

Thanh phan trong mau Lién quan gilfta V,,, va V,., khi chudn dé thé tich mAu bang nhau
NaOH Vio = Vieg
Na,CO, Voo = 112V
NaHCO, Var = 00 Vig? 0
NaOH, Na,CQ, Voo > 12 Vg,
Na,CO, NaHCO, Voo < 172 Vpeg

Vpo: thé tich sit dung dé chuén d6 véi chi thi 1a phenolphtalein.

Vi, thé tich st dung dé chuin dd véi chi thi la bromocresol luc.

Két qua s8 ¢6 sat 56 21% .
5.5. Pinh lwgng cac nhém chite httu co

C6 thé chuin d6 truc tiép hoic gian tiép

5.5.1. Dinh lugng nhom acid sulfonic va carboxylic

Acid sulfonic 14 acid manh, dé& hoa vao nudc rdi chuin d6 thang bang base.

C6 nhiéu acid carboxylic khéng hoa tan nhiéu trong nuéc nén khéng dinh
ludng truc tiép dude. Trong trudng hop nay, acid duge hoa trong EtOH va chuin

d6 bang nude kiém hodc acid nay duge hoa trong mét lugng base thita chuan réi
dinh lugng kiém thira bang dung dich acid d4 biét néng do.

5.5.2. Dinh luong nhém amin
— Amin day thang thudng c6 hing s& phan ly ~ 107, Do dé6 dude chuin do
thang bing acid manh.

- Amin thom - (anilin va dan chat) thuong rat yéu trong méi trudng nudc
(K, = 107'%) ¢6 thé chuin d3 bing phudng phap thira tri hodc dinh lugng trong moi
truong khan.

— Amin véng thom — pyridin ciing giéng amin thom.

~ Amin vong b#o hoa — piperidin ¢é khuynh huéng két hop v6i amin théng va
duge chuan dé trong méi trusng nudc.

Cé nhifu amin quéa yéu / nuée phai duge chuin d6 trong méi trudng khan nhu
acid acetic dé tang tinh kiém.

5.5.3. Dinh lugng nhém ester
Ester thudng duge xac dinh bang cach xa phong hoa véi mét higng base chinh

x4c da bit d6 chuan.
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R,COOR, + OH™ - R,COO™ + HOR,

Lugng base thita duge chuin d6 bing acid chuén. Cac ester thay d6i nhiéu theo
téc do xa phong hoa. C6 ester cén vai gid dun néng dé hoan tat quéa trinh. Mot it
ester tdc dong nhanh cho phép chudn d6 truc tiép bing base. Théng thudng, tién
hanh bang cach dun ester va KOH 0,5M héi luu trong 1-2 gid. Sau khi lam lanh,
lugng base thita duge chudn d6 bang acid.

Trong duge dién cac nude cé trinh bay "Chi s8 ester hay chi s6'xa phong hod":
S8 miligram KOH cdn thiét dé trung hoa acid tu do va xa phong hod cac ester c6
trong 1 gam chét khao sat.

5.5.4. Dinh luong nhom hydroxyl

Nhém OH trong nhiing hgp chat hitu co ¢6 thé dude xac dinh bang cach ester
hoa véi cac anhydrid carboxylic hay chlorid khac nhau, Hai thuée thii thusng ding
la: anhydrid acetic va anhydrid phtalic.

V61 anhydrid acetic thi phan ting sé Ia:
(CH,C00),0 + ROH —» CH,COOR + CH,COOH
Su acetyl hoa thudng duge thuc hién bing cach trén cin than miu thi véi mét
thé tich di biét anhydrid acetic dd biét trong pyridin. Sau khi dun néng, thém
nude vao dé thily phan nhiing anhydrid khéng phan tng:

(CH,C00),0 + H,0 - 2CH,CO0H

Sau dé chuin dd acid acetic bing dung dich KOH hay NaOH / ¢6n. Song song
thuc hién mAu trang.

Né&u ¢6 amin thi chuyén sang amid bang anhydrid acetic.

Trong cac dudc dién cé trinh bay “Chi sé acetyl hay chi sé acetyl hod
pyridin’1a s6 miligam acid acetic cin dé ester hoa nhiing san phim c¢6 nhém chue
hydroxyl OH trong mot gam chat khao sat.

5.5.5. Dinh luong nhom carbonyl

Nhiéu aldehyd va ceton ¢6 thé duge xhe dinh bing dung dich hydroxylamin
hydrocloric. Phan Gng nay tao oxim.

R R
R‘) C=0 + NH,0H. HCI —» R1> C= NOH + HCl + H,0
2 2

R, c6 thé la nguyén tit H. Sau phan ting, HCl phéng thich duge chuin d6 bang
base. O day, cac diéu kién phan ing ciing thay déi tiy chit. Thi du, d61 voi aldehyd
chi can 30 phut 1a da. Nhiéu ceton khac phai dun héi luu véi thude thi trong 1 gid
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— Chi 86 hydroxylamin: Chi sé nay dugc dién ta bing s miligam KOH cin
dé trung hoa cac acid sinh ra do phan tdng cua mét lugng thuwa chlorhydrat
hydroxylamin véi 1 gam chat khao sat.

5.5.6. Dinh lugng mudi

Lugng mudi toan phan trong mét dung dich cé thé duge xéc dinh chinh xac
bang dung dich chudn dé acid base. Khi cho qua ¢dt trao d6i nhua ion, mudi nay
chuyén thanh mét duong ludng acid hay base va c¢6 thé dinh Iugng bang phucng
phap trung hoa.

Acid chudn hay base chuén ciing duge diéu ché bang nhya trao ddi ion. Ngudi
ta dung mét dung dich chiia mét lugng mudi tinh khidt da biét nhu la NaCl- duoe
ria qua cft nhua va pha loing dén mét thé tich bidt dude. Mudi nay phéng thich
mét lugng duong lugng acid hay base tit nhya trao ddi sé cho phép tinh s§ mol
thudc thi bang phuong phap trung hoa.

6. DINH LUGNG TRONG MOI TRUGNG KHAN

C6 2 loai chat cAn duge chuin d6 trong méi trudng khan:

— Acid hay base hitu ¢d c6 trong lugng phén tu cao va d6 hoa tan gidi han trong
nude.

— Nhitng hop chét hitu co ¢6 tinh acid hay base rat yéu (K, hay K, < 10 nhu
amin thom, phenol, muéi cua acid carboxylic va acid v6 co khé thiy diém két thiic
trong médi truong nude nhung néu tang tinh acid hay base cha né bing cach thay
déi dung méi thi lai dé thay diém két thue.

B4t 1gi khi chuan d¢ trong méi trudng khan: Dung méi dit tién, bay hai va déc.

— Da s6 dung méi déu ¢6 hé 8 din nd 16n hon nude nén phai duge chia trong
binh ¢6 kiém tra nhiét d6 ctia thude thit dé tranh sai 6 khi do thé tich.

6.1. Co ché

Trong dung mé& khan (la dung méi khéng ion hoa), acid ciing cho H' va duge
solvat hod nhung vi hang s dién ly cila dung méi nay thap nén H' solvat hoa chu
yé&u hién dién ¢ dang cap ion véi anion acid:

HA + S & SH'A
Sau d6 base B sé tac dong véi cip ion nay dé tao thanh:
SH'A"+ B S BH'A+S

Phan ng nay xay ra la vi B 1a base manh hon dung méi S
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6.2. Dung méi dé€ chuin d6 trong méi trudng khan

Thudng ding nhitng dung mdi ludng tinh (amphiprotic) va da qua giai doan tu
phin ly nhu ba dung méi ludng tinh hay dung acid acetic khan, ethanol,

ethylendiamin.

2CH,COOH S CH,COOH}

2 C,H,0H 5

+ CH,CO0"

C,H,OH;  +C,H,00

NH,CH,CH,CH,NH, 5 NH,CH,CH,CH,NH} + NH,CH,CH,CH,NH"

6.3. Tinh hoan toan cua phan ing

Phu thudc vao:

— Iyc cua chAt phén tich (acid hay base).

— tinh acid hay base vn ¢6 cua dung moi.

— hang s6 dién ly clia dung méi.

6.3.1. Anh hudng ctia luc ctia chdt phén tich

Trong méi trudng nudc

Trong méi trucsng khan

— Khi chudn d6 base b yéu biang HA
trong mdi truosng nudc:

H,0' + b S bH' + H,0

Néu ké day du 1a phai tinh luc cta
nudge

Kc;"m bing

[BH'JIOH™] _ [bH']
[bI[H;0")[OH™| |b]IH;0" |

(7.31)

CH,COOH" 1a proton bi solvat hoa va duge
tao thanh cidp ion khi HCIO, hoa vao acid
acetic khan

HCIO, + CH,CO0OH 5 CH,COOH,'C10,”
—Khi chudn d6 base b y&u bang HCIO,
trong méi truong khan
CH,COOH
CH,COOH,Cl0,” + b &S
CH,COOH

CH,COOH," (méi truong khan) =~ H,0" (méi
trudng nudc)

v#l dung md1 la

bH'CIO, +

[bH*] _[K'b]

K =
[b][CH;CO0HS JfOH*]  [Ks]

can bang =

(7.32)
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Nhu vay cac phudng trinh (7.31) va (7.32) cho thiy tinh day di cia phan ting
acid, base ty 1& thuan véi hang s tu phan cia acid yéu va ty 18 nghich véi hing s6
td phan cua dung moi.

Phudng trinh nay ¢6 nghia: Phan tng trung hoa la canh tranh H' gitta dung
mo1 va acid (hodc base).

6.3.2. Anh hudng ciia tinh acid hay base ctia dung méi

Acid formic, acid acetic, acid sulfuric cho H* t6t hon 14 nhan H*. Trong loai
dung mdi1 nay tinh base cua chat tan dude ning 1én.

Thi du: Anilin — C;H,NH, trong nuéc c6 hang s6 phan ly K=10 ©®° nén rit khé

chuin d6 nhung lai cé thé 1a base manh hon trong acid acetic khan vi dung méi
nay cho H' dé& hon nuée.

Ethylendiamin, amoniac long ¢é6 ai luc nhiéu d61 véi H' (kha nang nhan H*
nhiéu hon) do vay 1a dung moéi base. Trong loai dung méi nay, tinh acid cia chat
tan sé nang lén.

Thi du: Phenol ¢é hing s phan ly K =107 yé&u trong nudc lai dd manh trong
ethylendiamin vi duge chuan d bang base chuan.

6.3.3. Anh huédng ciia hing sé dién ly cia dung méi

Hang s6 dién ly ctia dung moéi do ludng kha nang tao ra nhiing ciu tii ¢6 dién
tich d6i khang dé tach tiéu phan nay véi tiéu phan kia.

Thi du: nudc ¢6 hang sé dién ly cao (DHQO = 78,5) nén chi can mot nang lugng
nhé 13 @l dé tach ion mang dién tich (+) ra khéi ion mang dién tich (-).

Acid acetic c6 hing s8 dién lv thap (Dyy,0 = 6,2) nén can phai ¢6 nhiéu nang
lugng mdi thuc hién dude qua trinh dién ly.

MeOH, EtOH (D yon = 33, D gop = 24) 1a dung méi ¢ hang s6 dién ly trung
binh.

Dung mdi ¢6 hing s dién ly thap phai chiu moét bat Igi khi dung lam mdi
truong chuin do acid- base vi su phéan ly la tao ra 2 ion c¢6 dién tich d6i khang

nhung do dung méi dién ly yéu nén kha ning tach ion cia dung méi bi giéi han
lam sy phan ly giam di dang ké.
Khi su phan ly khong can tach nhiing cfu td tich dién thi su dién ly chia dung
mdi it cd tac ddng 1én d6 phan ly cua mét acid hay mdt base.
Thi du: tac dong dién ly cda cdn ddi véi amoniac 14 t8i thiéu d6i véi phan tng
phan ly:
C,H,OH+ NH,'s C,H,OH," + NH,
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6.4. Dung dich chuén d6 trong méi trudng khan
6.4.1. Dung dich acid

Dung dich chuin d$ acid percloric 0,1N trong acid acetic khan

Day Ia mdt monoacid (E = M = 100,45} rit manh, nhit 12 trong méi trudng
acetic khan.

Acid percloric khan — kém bén va dé nd — duge ban trén thi trudng dudi dang
dung dich nuée khoang 72%. Nhu vay né khéng phai 14 chit chuén.

Céch diéu ch& dung dich nay thanh acid dé chudn db:

— Hoa loéing 14,5 gam acid percloric 70% -72% (8,5ml) trong khoang 900 cm®
acid acetic bang dung phan tich.

- Khtt nuéc ¢é trong dung dich nay bing cach thém 29 —30 gam anhydrid
acetic. Chat nay phan ting véi nude dé cho hai phan ti acid acetic.

— Sau khi dé ngudi, thém acid acetic khan dén vach 1000 ¢m? va lic. Chuyén
vao lo €6 nit mai va dé cho nude tu phéan hiy trong 48 gig. Chudn dé dung dich
nay bang mot dung dich mudi chudn pha trong acid acetic khan. Bio quan tranh
am.

Chu y: khong duge cho thita nhiéu anhydrid acetic vi gay nguy cd tao nén sai
s6 din dén tif nhiing phan Gng amid hoa véi nhiing amin s cip va thu cdp.

6.4.2. Dung dich kiém

Cac dung dich kiém thudng duge diéu ché& trong méi trudng cén hay cén -
benzen.

a) Dung dich potat (b6 tat) trong methanol (KOH trong MeQH):

Dung dich potat cé thé pha ché trong EtOH hodc MeOH, nhung MeQOH thich
hop hon vi EtOH thudng chiia nhiing aldehyd nén khi c6 mit mot base manh sé
hoa nhya lam dung dich ting mau tit vang dén nau. B4t 1oi nay khong xay ra khi
st dung MeOH. D¢ chuén cia nhiing dung dich nay khéng bén va cin xac dinh lai
trude khi dang.

Thugn lgi: K,CO, khong tan trong méi trudng va tir d6 8 tu dong decarbonat

-

hoa.
b) Dung dich natri methylat 0,1N (CH,ONa) trong méi trudng con — benzen.

Dung dich nay dung dinh lugng nhiing acid y&u trong méi trudng tuyét déi
khan nuéc.
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Diéu ché'theo cdch sau:

Dehydrat hoa truée MeOH bing cach dun séi hdi luw véi sy hién dién clia Mg
va chung cét hay tiép xudc trong 2 — 3 ngay véi dém phan ti “tamis moleculaire”.

Thém mét lugng natri kim loai (2,5g / 150 ml MeOH). Hoa loang v6i benzen
khan (gsp 1000 em®). Trude khi st dung, dung dich dd pha ché s& dugc chuan do
bang acid benzoic trong pyridin hay butylamin.

¢) Dung dich tetrabutyl ammonium hydroxyd (C, Hy), N'OH"

Dung dich nay 14 1 base manh tan du‘gc nhiéu trong méi trudng benzen: MeOH
5% hoac benzen 95%. Hai dung dich rit kiém nay rit hio anhydrid carbonic cua
khéng khi nén khé bdo quan.

6.4.3. Phdt hién diém két thiic

- Dung chi thi (theo kinh nghiém): tim tinh thé, tim methyl, soudan 111,
tropeolin 00.

— Do thé dién cuc.

— Chi thi trong méi trugng khan.

Acid acetic hodc acid formic 13 nhiing dung méi ¢6 kha nang nhAn proton yéu
hon nude nén nhiing base rit y&u trong nuée cho vao dung méi nay lai trd nén
manh hon.

Nhiing chit chi thi chuyén mau trong nuéc & méi truong rat acid lai chuyén
mau ¢ cac pH trung binh ctia méi trudng khan va do vay hay dudc st dung.

Trong nhiing dung méi cho proton (acid). Chi thi hay diing nhat 1a tim tinh
thé, o-naphtol benzen, orange IV, paradimethylaminobenzen (PDAB = vang
methyl), xanh oracet B.

Con trong nhiing dung méi nhan proton (base), ngudi ta hay dung chi thi xanh
thymol, paranitrophenylazo — 4 resorcinol, orthonitranilin.

Cac chi thi mau nay ciing hay dude st dung trong dung méi ¢6 proton hoat
dong (mdi truong nudce). That vay, cac chi thi nay 1a nhiing acid (hay base) yéu hon
nhiing chat dinh lugng. Cg ché chuyén mau giéng nhu cé sy phan ly ctia dung méi
hay khéng.

6.4.4. Ung dung viéc chudn do trong moéi truong khan

Phai két hgp dung méi, chit chuan dé, diém két thic, xét dé tan, gia ca thuse
thu, d6 doc, trang thiét bi,...
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Bang 7.14. Mot sG diéu cén ghi nhé khi dinh lugng trong mai trudng khan

Binh lugng acid: benzen; toluen: dimethylformamid: aceton; ceton; acetanitril; ¢dn
tert-butyl.

Dung méi | Binh lugng base: acid acetic khan; hdn hop acid acetic khan va anhydrid acetic co
budc nhay 16n han acid acetic: cac anhydrid acetic tac dong véi amin bac 1 va bac
2 khi néng; acetonitril; benzen: toluen.

Binh iugng acid: KOH/ EtOH; KOH/MeQH: CH 1OMe/ Methylat alcalin; CH,OMe/
benzen-MeOH (95/5); dung dich ammonium bac 4 nhu hydroxy tertbutyi

Dung dich
chuin dé ammonium / benzen —-MeQH (95/5)
Binh luong base: acid percloric/ 1-4 dioxan; acid percloric/ acid acetic khan: HCI it
dung.
Binh lugng acid: acid benzoic {CgH, COOH); acid succinic; acid suifanilic: phtalat
Cac chat acid kali.
géc

Dinh lugng base: phtalat acid kali.

Binh {ugng acid
AH + C.H{N S A" C.H.NH*
Co ché A CHNH"+KOH— AK+ CHHOH-

Binh lugng base

R~NH, + CH,COOH 5 R-NH,CH,CO0~

R-NH; CH;COO™ + HCIO, — RNH,*CIQ,” + CH,COOH
R-NH, +HCIO,— RNH,’CIO,”

Ung dung | Binh lugng acid: dinh Iugng cac barbituric

Binh lugng base: dinh lugng cac base hitu oo

Truong hgp diac biét:

Khé tan: dun néng céin than vi ¢6 thé acetyl hoa nhiing nhém amin. Thém
lugng it acid formic dé lam tang hing s dién ly cua dung méi nhim dé hoa tan
chat can dinh lugng nhung lugng acid formic dua vio cang it cang tét vi pK, cla
acid formic (3,75) < pK, cua acid acetic (4,75) nhung déi khi acid formic c¢6 thé
trung hoa cac base yéu.
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TU KHOA

- Phuong phap acid base — Chudn d6 trung hoa

— Thuyét Bronsted - Pudng cong chuan dé

— Henderson - Hasselbalch ~ Dung dich dém

~ Chat ludng tinh — Dung lugng dém

- pH, pK, - Chuan d9 trong méi trudng khan

CAU HOI LUQNG GIA

1. Trinh bay thuyét Bronsted va Lewis vé acid — base. Trong bai, acid — base
duge viét theo quan diém nao.

2. Trinh bay cach xac dinh pH, pK,,. .

3. Trinh bay cac giai doan khi tién hanh chuin d6 trung hoa. pH thay déi nhu
thé& nao khi chuiin dé 100 ml HC1 0,1N bing NaOH 0,1N (khéng tinh dén su pha
loang)?

4. Pinh nghia dung dich dém. Kha ning dém? Dung lugng dém? Trinh bay viéc
ng dung dung dich dém trong nganh Dudgc.

5. Néu nguyén tic va cd ch& phan iing khi dinh lugng acid - base trong méi
truong khan?

6. Dinh nghia cac chi sd acid, chi sé ester, chi s8 acetyl va y nghia xdc dinh
trong thue té.

7. Néu mdt s0 chat chuan d6 géc va trudng hop sit dung trong phudng phap
acid — base. :

8. Trinh bay khodng ddi mau chi thi dung trong phucng phap chuin do acid -
base.

CAU HOI TRAC NGHIEM

1. Quan niém vé acid base trong bai giang nay 1a theo thuyét cia

......

a, Langmur ¢. Bronsted e. Henderson —Hasselbalch

b. Lewis d. Faraday

2. Theo thuyét acid base da néu trong bai, acid la nhiing chat ¢6 kha nang ...
...... proton.

a. phén ly c. nhan. e. trao doi

b. cho d. tham gia bat giit
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3. Mét base lién hdp vdi acid manh ¢6 luc ......

a. trung binh , c. yéu e. col nhu bd qua
b. kha yéu d. rat yéu
4, 12 dung dich khang lai su thay d6i pH khi thém acid hay base

manh vao dung dich hodc 1a dung dich ma khi pha lodng thi pH cta dung dich
thay déi it.

a. Dung dich kém phan ¢. Dung dich dém e. Tat ¢a cac ciAu déu
cuc dung
b. Dung dich phén cuc d. Dung dich phén
ly

5. pH cta dung dich natri hydroxyd (.19.107% mol.dm™) la:...... Xem NaQOH nhu
phén ly hoan toan

a. 10,2 c. 2,92 e 11,1

b. 7,3 d. 12,6

6. Mudi nao sau diy khi hoa tan vao nudc s& cho mét dung dich c¢é pH gan
bang 77

a. Kali carbonat c. Natri nitrat e. Ammonium nitrat

b. Ammonium bromid d. Natri cyanid

7. Mét mau chua 15,0 cm® HCl duge chuin dé bing dung dich NaOH 0,0830
mol.dm™ . Piém két thuic dat duge sau khi thém 19,2 em® NaOH. Néng d6 ctia HCl

1a bao nhiéu?

a. 0,178 mol.dm™ c. 0,130 mol.dm™ e. 0,106 mol.dm™

b. 0,0648 mol.dm™® d. 0,212 mol.dm™

8. Trong dung méi la acid, cic chat tan 12 ...... s& kho phin ly hon (vi giam sy
cho proton) _

a. chit trao déi ion ¢. chit ludng tinh e. chat trao doi dién ti

b. base d. acid

-
9. Hy0+H0 & Hy0" +OH ; K, =%; K. goi la tich s ion
2

cta nude. O 25°C thi K 4. =
a. 14 c. 7 e 0
b. 14 d. 7
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10. Dung dich chuéin d6 hay dudc sit dung dé€ dinh lugng base y&u trong méi
trudng khan nude 12 dung dich

a. acid percloric 0,1N / acid hydrocloric
b. acid percloric 0,1N / acid acetic

c¢. KOH/MeOH

d KOH /EtOH.

e. acid percloric 0,1N / acid acetic khan
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Chuong 8
PHUONG PHAP OXY HOA - KHU

NOI DUNG

1. SU OXY HOA - KHU

1.1. Pinh nghia phan @ng oxy hoa - kh

Phén iing oxy hoa - khit 1a phan tng trao ddi electron giita hai hdp chét: mot
hdp chat nhudng electron (chat khit) va mét kia nhan (chét oxy hoa).

Thi du: Thém dung dich sat(III) clorid vao thiéc(II) clorid thi phan tng cin
bing nhu sau:

2FeCl; + SnCly, —» 2FeCl, + SnCl, (8.1)

Dé méi nguyén tit gam sét (I11) (55,85 gam) bi khit thanh sét (IT) phai si dung
96,493 (%96500) Coulomb (1 Faraday) va cn st dung (2 x 96.500) Coulomb dé mdi
nguyén ti gam thiéc (II) (118,70 gam) bi oxy hoa thanh thiée (IV).

Trong phan ting trén, dién tich clorid khéng thay déi do khong tham du vao
phan tng oxy hoa — khi.
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Phan tng (8.1) dugc xem nhu thi du chung ctia 2 phan tng cung mét lac:
2Fe® +2 —»  2Fe”

Sn** - Sn*"+ 2e

2Fe™ + Sn** o 2Fe** + Sn't
Nhu vay: — sU oxy hoa: suméit e

—sukhu: synhane
+ Khi ¢6 su oxy hoa xay ra 12 ¢6 sy khii vA mdi e nhan duge bdi chit oxy hoa la
do chat khu bi mat di.
e Chat khit va chit oxy hoa 6 thé 1a hai chit hoa hoc (phan ting hoa hoc) hoac la
moét chat hod hoc va mét dién cuc ma thé duge chon thich hgp (phan Gng dién hoa).
Trong phan ing dién hoa, tuy gia tri cia thé dién cuc ma dién cuc sé nhudng e va
kht chit hoa hoc hoidc 12 nhan e va oxy hoa chi't hoa hoc.

Hinh 8.1 minh hoa mét thi nghiém phan Gng oxy hoa — khii: hai binh chita
dung dich nél nhau bing mdt ciu muéi 1a dng dan thudng dude tao bing dung dich
KCl bdo hoa da dugc gel hoa (agar — agar). Nhiing vao méi binh mét dién cuc Pt
(dién cuc tro) va ndi véi mot volt ké. '

Khi xudt hién thé, nghia 1a dung dich thiéc (I) c6 khuynh huéng cung cip
nhiing e~ che dung dich sat (I1I). Dong dién di qua cho dén khi tao su cAn bing.
Nhu vay, cap oxy hoa - khit két hgp dang oxy hoa va dang khii sé tucng ting véi su
trao déi e .

No6i chung, 1 phan ting oxy hoa - khii c6 thé trinh bay nhu sau:

pOx; +ne — pKh,
qKh, -3 qOx, + ne

pOx; + gKh, —» pKh; + qOx,
1.2. Nhan xét

Phan ting oxy hoa — kht tc la qua trinh cho nhan electron cé thé thuc hién
trong cac dung dich riéng ré& (hinh 8.1). Con trong phan ting acid base thi qua
trinh chuyén H' ti acid sang base chi duge thuc hién truc tiép trong mét dung
dich (hinh 8. 2), H" khéng thé chuyén tif chit cho sang chat nhan théng qua mét
diy dan dién ti nhu trong phan ing oxy hoa - khi.

V& toc d9 phén dng: cé nhiéu phan Ung oxy hoa xay ra cham nén cic phuong
phap chudn dé dua vao phan tng nay thudng ddi héi tang nhiét d6, thém xic tac.

165



Ly do 1a phan {ing x4y ra qua nhiéu giai doan. Qua trinh chuyén electron 1a mot
trong chudi cac giai doan d6 (pha v lién két, proton hoa, sdp xép lai phén tu...)
Vé su c6 mit ctia dung méi nudc: trong phan tng oxy hoa — khii néu phén ti
nuéc tham gia vao phan tng:
9H,0 —» 20H +2H"
9H,0 — O, + 4H' + de”

Khi H, va O, dudc giai phéng ra khoéi dung dich. Trong cac phan tng oxy
hoa-khti ngudi ta tim cach tranh qua trinh oxy hoa hoic khii nuée.

Buret chita dung
dich chudn dé

Pién cuc
Platin

dung dich can
chudn dé va
chét chi thi

%
i

Hinh 8.1. Phan img oxy hoa — khir xay  Hinh 8.2. Phan (g oxy hoa - khir xay ra trong mét
ra trong hai dung dich dung dich

1.3. Thé oxy hoa - khu

Khi 1 kim loai nhiing vao dung dich mudi cia kim loai nay sé tao mdt ban pin.

Thi du: '

— Kém nhiing trong dung dich kém sulfat tao ban pin (ban pin oxy ho4)

— Péng nhing trong dung dich déng sulfat cling tao ban pin (ban pin khii).

Pin dién hoa Galvanic dugc tao thanh béi 2 ban pin, mdi ban pin gdm mot
thanh kim loai nhing trong dung dich dién ly (hink 8. 3). Hai ban pin néi nhau
bing mdt cAu mudi va ca hai ban pin ciing duge n6i nhau bén ngoai béi mot day
din (hinh 8. 4). CaAu mudi la mot hang rao cé6 16 x6p ngan sy tron lan cua dung
dich nuéc trong cac ban pin nhung cho phép cac ion di chuyén & ca hai chiéu dé
duy tri trung tinh dién tich. Theo su sip xép nay thi cac electron cung cap bdi
phan ting oxy hoa sé di ngang qua dong dién bén ngoai dér ndi xay ra phan tng
khti. Khi cac ban pin dudc néi nhau thi phan ting ty xay ra va kim volt ké léch di
chi rd 1a ¢6 su khac nhau vé thé ning. Thé nang nay la thé oxy hoa — khi.
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Ban pin oxy hoa Ban pin khir
Zn — Zn*" +2e” Cu+2e —Cu

Zn Zn*

- so}

Dién cuc kém trong dd kém Dién cuc déng trong dd déng

Hinh 8.3. Cac ban pin oxy hoa - khur

bién cuc kém trong sulfat kém Pién cuc déng trong dd sulfat déng
Hinh 8.4. So do cau tao 1 pin dién hoa

Thi du: hai ban pin la tit cac kim loai:

Kém Zn (rén) - Zn*" (dung dich) + 2 e~
~va dong Cu”* (dung dich) + 2 e — Cu (rén)

Zn 12 mot kim loai c6 kha nang cho nhiing electron dé tao thanh ion Zn*' di
vao dung dich (nghia la cho cac e ), do vay dién cyc kém tich dién 4m. Con cac ion
Cu®" trong dung dich dén tich dién trén dién cuc lam dién cuc déng c6 dién tich
duong. Cung lic sé ¢6 2 phan {ing ngude nhau va phan ing nay sé manh hon phan
tng kia. Sau cung, phai c6 mot su can bang duge thiét lap va dién cuc phai c6 “thé
can bang” E duong hay am. Gia tri ctia thé oxy hoa — khii cAn bing dudc cho béi
phuong trinh Nernst:

E= EO +-—R—-T-fn aMn+
nF

T: nhiét d6 tuyét déi
F: s6 Faraday (96500 Coulomb)
n: lugng e st dung
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E,: hing s6 phu thudc kim loai
R: hing s6 khi Iy tudng (8,314 J/dé K. mol)
ay: hoat d6 ciia ion M* trong dung dich
- Néu dung dich duge pha loang day du thi hoat d6 aM™ cé thé st dung 1an
véi néng dé kim loai [M™].
—~ Khi thay R = 8314 J/d6 K. mol va F biang gia tri cua nd (G 25°C thi
T = 273° + 25° = 298°K) va tiép tuc chuyén In thanh lg (In ay™ = 2,303 lg ay™") thi
phuong trinh Nernst trd thanh

. 0,0001983x 298 x Ig[M™* ]
n

E=E,

0,0591

E =Eg + x lg[M"")

Khi néng d6 hay hoat d6 = 1 (don vi) thi th& nhan duge bdi dién cuc bang E,.

E,: thé chudn cia hé théng oxy hoa — khii tao thanh bdi kim loai va ion tudng
ung cua né M™ / M,

Nhu vay su ion hoa va su oxyd hoa — khii dude hiéu theo nghia hep:

Ton M™: dang oxy hoa tit nguyén t6 M, néu xét phan ting: M"" + ne” — M°

Ciing vay, d61 v41 phi kim loai thi dang ion hoa la dang khi con nguyén té 1a
dang oxy hoa:

Cl,+2e —2C1

Khai niém téng quat nay cing ap dung cho H' (chi 1a dang oxy hoa tit nguyén
té hydro).

2H" +2¢" > H,

Pién cuyc hydro (hinh 8.5), tac thanh bgi mét dién
cuc Pt bao hoa khi hydro nhing chim trong mé6t dung
dich H* (vi du: HCl 1M) ¢6 thé E dude cho béi biéu
thie téng quat:

E=E, + 0,0591 1g[H"]

Khi hoat ddé bang 1 nghia la [H'] = 1 thi

E=E,(2H"/H,).

| Biéncuc Pt

Hinh 8.5. Dién cuc hydro
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Theo quy udc, thé chuan E, ciia hydro biing 0,00 volt va th& oxy hoa — khii ctia
nhiing h¢ thong khac duge xac dinh bing cach so sanh véi thé ctia dién cuc nay.

Nhu vay, c6 thé phan loai nhiing hé théng oxy hoa - khii khac nhau duge tao
thanh boi kim loai va ion tuong @ng theo thé chudn ctia né (bang 8.1).

Thé cang thap, kim loai cang ¢6 khuynh hudng cung cip ion dé di vao dung dich.
Thi du: Natri 1a chat kha phan fing kha manh véi nuée dé cho ion Na™.
1.4. Hé théng oxy hoa — khit hoa tan

M6t kim loai khi hoa tan vao dung dich c6 thé cho nhfing ion tuong iing véi
nhiéu hoa tri khac nhau.

Béng 8.1. Th& chudh (volt) clia mét vai c3p oxy hoa~ khir

[ Chat s6 Crat  Thé  Chat S8 Chat  The
oxy electron khir  chudn oxy hoa electron khet chuan
hoa tfrac doi V) frac doi V)
Li* + e - L®  -3,03 cu? + 2e” - Cu® +0,34

K* + e — K® -292 I, + 2e” —> 2l +0,5345
Na* + e — Na® -2.70 Fe + e - Fe®" +0,77
Zn* o+ 2 S Z° 076 Agt + e > Ag° +0,80
Fe* + Ze - Fe® 044 Br, + 2e” - 2Br +1,08
Cr + e — crer —0,41 Cl, + 2e” — 2CI +1,36
Sn? + 2e” — Sn®  -0,14 Cr,0,2 + 6e” - cr* +1,36
2H* + e — H, 0,000 MnQ,” + 5e — Mn?* +1.,51
Sn* o+ e — Sn? +0,14 Ce* + e — Ce* +1,60
Bi* + 3e” — Bi® +0,23 5,042 + 2e” - 280,77 +2,0

Thi du: Nguyén tit thi€c 6 nhiing ion thiée (IT) va thiée IV). Sn** + 2e — Sn?*.

Nguyén tif sdt c6 nhitng ion sit (II) va sét (I1I). Fe™ + e - Fe?*

Ion ¢6 dién tich dudng 16n nhit tuong ting véi dang oxy hoa va ion cé dién tich
duong nho nhat tudng ting véi dang kht.

Maét dién cye trg (platine, vang....) dude nhing vao hén hop s€ giti mét thé xac
dinh. Thé nay bién thién theo néng dé cua timg dang oxy hoa va dang khit theo
phuong trinh

' 00591, [0x]
+——Ig—

n [Kh]

E=E

O

Néu cac néng do & dang oxy hoa va dang khi bing nhau, thé dudc g1l trong dién
cuc bang E, va E, dugc goi 14 thé chudn ctia hé théng. Do d6, ¢6 thé thiét lap mot bang
sap xép nhitng hé théng oxy hoa — khit héa tan theo thé chuin ctia mai thit,
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Mot kim loat sé dich chuyén ion kim loai tudng tng vao mét hé théng oxy hoa
— khit ¢6 thé cao hon.

Thi du: Ldp mong st (co thé chudn -0,44 V) s& bi déng (¢6 thé chudn +0,34 V)
phil 1én khi né duge nhing chim trong dung dich déng.

Cung cach niy, ¢6 thé phin loai hé thong oxy hoa — khu duge thanh lap bdi
halogen va cac ion cua noé:

Hé thong oxy hoa — khtt  Thé chudn (volt)

F,+ 2 — 2F +2,65
Cl, + 2e —» 2C1 + 1,36
Br, + 2e - 2Br ~ +1,08
I+ 2 — 21 +0,534

Nhu vay clor oxy hoa bromid va iodid ¢ phéng thich 1an lugt brom va iod con
brom thi oxy hod nhiing iodid d€ phéng thich iod.
1.5. Thé oxy hoa — khit biéu kién

Trong thuc té, chit oxy hoa va chat khi cua mét cip lién hgp thusng tham gia
vao nhiing phan tng khac nhut phan tng acid — base, phan ting tao phic, phan
ting két tiia. Do d6 thé oxy hoa — khit nhan dugc goi 1a thé oxy hoa ~ khit biéu kién
ciing bi Anh hudng bdi nhidu yéu té khac do cac phan ung nay.

1.5.1. Anh hwdng ciia pH
a) Thi du 1: Thé biéu kiéh ctia hé thong Mn™ | Mn®
Trong méi trudng acid: Mn™* + 5e” —» Mn**
Trong thuc t&, hé théng oxy hoa — khit nay tao thanh cap MnO, / Mn®" tuong
dng véi cdn bang:
MnO, + 8H" + 5e — Mn?* + 4H,0

Thé cia hé théng phu thudce vao néng dé proton

MnOZ J[H™ B
B =g, + 00591 g IMnO4 J(HT]
[Mn2* ]
MnO,
E=E,+ (0,0591 le [[Mn 24 ])_(0,0591 % 8 x pH) (8.2)
[Mn“*] 3

Khi néng d6 & dang oxy hoa = dang khit, nghia la [Mr0O; ] = [Mn*"]

thi Bl = By - 2022

x8x pH
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d6 1a gia tri cia thé chuén biéu kign va E'g = E — 0,0944 pH

— pH cang cao thi gia tri th& chuin biéu kién cang thép.

— Ion permanganat la chit oxy hoa cang manh khi tinh acid clia méi trudng
cang manh.

Néng d6 H' déng mot vai trd trong su can bing do vy ma thé biéu kién cta hé
théng phu thudc vao pH.

b) Thi du 2: Thé bidu kién ciia hé thong As™* | As™

Trong phép do oxy hoa — khti, kha nang khi ctia arsenic (I1I) duge sit dung rat
rong rdi, kha ning oxy hoa clia arsenic (V) ciing ¢6 thé 6 1gi trong vai trudng hgp.

Hé théng oxy hoa — khii tudng {ing véi sy cAn béng:

As® 5 As"T+ 2e
Arsenic (V) tudng ing vdi acid arsenic HyAsQO,.

D6 12 nhiing da acid (nhiéu proton trong mét acid) ma su ion hoa thay doi theo
pH ctia méi trudng (lién quan dén pK, cua nhiing nac acid khéc nhau).
Volts

H,AS0,

+0,50

0,00 |

-0,50

0 2;;5;3101214 pH
Hinh 8.6. Th& chuin biéu kién clQia hé As (V) / As {Ili}
— Dang oxy hoé clia As(V) thudng & dang phan tl va 3 dang ion hoa:
H,As0, HyAsOy, HAsO%™, AsO}
Véi nhitng pK, tucng ung: pK, = 2,2; pK, =7,0; pK; = 11,5.
- Dang khi cua As(III) tudng Gng v6i mot dang phan tit va véi 3 dang ion hoa
H,AsO, H,AsO;, HAsOZ , AsO3

Véi nhitng pX’_ tuong ting: pK’; = 8,1; pK'y, = 12,1; pK'3= 13,4
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Do vay, néng d¢ ciia nhiing dang khac nhau sé thay d6i theo pH va ¢ mét pH
nhat dinh thi sé c6 vai hé thdng chiém uwu thé (hinh 8.4).
Thi du: '
— pH < 2, su can bang nhu sau:
H,AsO, + 2H" + 2e —» H3As04 + H,0

- pH = 2,2 tro di, tinh acid thi nhat bi ion hoa va H,AsQ, chinh la dang
chiém uu thé;

HQASOZ + 3H+ + 2e o H3ASOS + H20
- pH =7- 8, dang H,As0,* chiém uu thé:
HAsO5™ + 4H" + 2e > H,As0, + H,0

Thé tudng ting tir ba cén bang trén dude tinh toan theo cac biéu thic sau:

+42 -
E=E,+ %091 |4 [H3AsO4]IH J° _ E,. 0,02955 (g [H3450,) 2pH)
- +13 -
E =B, + 00591 1, H2AsOLJIHT" E,, 0,02055 (g 5120504) o 1y
[HAsO  J[H'J* [HAsO%™]
E = Ey+ 009! |g 2 = E.0,0295 (lg ———=— - 4pH)
5 [HyAsO4] [H3As0,4]

Theo dinh nghia, thé& chuin duge xac dinh khi néng dé ciia dang oxy hoa bang
nong d6 chia dang khit: thé chudn biéu kién ctia 3 hé théng tudng tng vdi 3 si can
bing dugc cho theo biéu thic:

E,’ = E,— 0,059pH, E,"= E,— 0,0885pH, E,"= Ey—0,118pH
Thé oxy hoa — khit chuén biéu kién giam khi pH tang va nhu vay anh hudng
cua pH trén hé théng (HASO%_J" H;As04 quan trong hon trén hé théng (H,AsO}/
H;AsO,) va hon hé théng (H,AsO, /H,AsQ;) Db déc ctia ting doan thing tudng Gng
véi 3 phan cang 16n khi sy ion hoa cang 16n.
Xét mot phan tng ¢6 dién khit iod bing anhydrid arseng
H,AsQ; + H,0 L HAsO?™ + 2e + 3H"
I, + 2e 5 2
H,AsQ,+ I+ H,0 S HAsQ5 + 21 + 3H'
pH khéng cé anh hudng nao trén thé chuin cia hé théng I% 1" = + 0,53 volt.
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Phan ng col nhu 12 hoan toan khi hiéu thé gitia hai hé thong déi khang trong
khoang 0,3 volt. Trong phan tich chuin dé d6i véi iod, hé thong As”*/As® chi ¢6
thé duge st dung nhu 1a chat khit khi né ¢6 thé < 0,53 — 0,3 = 0,23 volt, €6 nghia la
theo 1y thuyét néu pH clia méi trudng phan ing > 4 thi trén thuc t& néu mudn oxy
hoa mét dung dich arsens bang iod thi ngudi ta phadi dém dung dich nay bing
natri hay kali hydrocarbonat.

1.5.2. Anh hudng ciia su tao phite

Xét mét kim loai ¢6 kha nang cho hai ion c6 dién tich khac nhau, ion M?*
tuong ling vdi dang oxy hoa va ion M"* dang khi,

E, 12 thé chuén cia hé théng: M +e > M*

Nhing ion kim loai nay ¢6 kha ning tao phtic véi thude thit X va nhiing hing
56 phan ly ciia mdi phic chit nhu sau:

2+
MX* 5> M +X; K,, = M i&x] (8.3)
[MX*7]
+.
MX+ — M+ + X ) KKh =w (84)
[MX"]

Eo la thé& chuin ctia hé théng M**/M*. & tiing thoi diém thé niy tuin theo dinh
luat Nernst,

E = E, + 00591 lg [[M ]

(8.5)

+

Tt (8.3) va (8.4), ta thu duge:

‘ MXZT) (MX™ |
IM*]=K,, ——— va [M']= K
[X] 'S
| the IK o ] [MX2*
khi thé vao (8.5): E = E, + 0,0691 lgtox! 1 ¢ 0591 g2 1
[K kn ] IMX*]
2+

E=E,+0,0591 g M2 os Ey= B, + 0,0591 1gFox]
[MXT] [Knl

K, va Kgy, 12 nhiing hing s6 nén 0,0591 lg% ciing 12 hang s6.
kh

Do dé, E’, 13 thé& chuan biéu kién ctia hé théng oxy hoa — khi
MX#*/MX": MX* +e > MX'
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K,/ Ky, bién thién theo d6 bén viing clia méi phitc va thudng 1a cic hing s6
nay rat nho vi trong truong hgp nay d6 bén viing cua phtic 1én nhit khi ion lién
hgp tich dién nhiéu hon, hé théng MX*/MX"* ¢6 tinh khit manh hon hé théng
M*/M".

Truong hop ddc biét:

Néu chi méi mét dang oxy hoa tu tao phiic thi phép tinh tuong tu sé ching to
12 E’, cang nhd thi phiic cang bén (K, riat nho). Thé cang yéu thi lugng thira thude
thi tao phiic X cang lén.

2+
ETO = EO + 0,0591 ngox vaEk= E,O + 0,0591 lg[hdi(—]
M ][X]
Thi dy: Xét hé théng oxy hoa —khit Co™ / Co®™* Co®* + le » Co™
[Co*']
E=Eo+ 0,069 1g [C02+] (8.6)

Thém ion cyanid (CN) vao dung dich chita Co® / Co®* s& lam mat di cac ion tu
do nay do tao nén phiic cyanid: Co(CN)g* va Co(CN)g*~

_ {Co* JIeNT [

Co(CN); - Co™ + 6CN; S
[Co(CN)E |

(8.7)

2+ -6
Co(CN);” & Co®™ +6CN ; Ky = [Co™ JIEN ) (8.8)

[Co(CN)ET]

K, va Ky, 14n lugt 1a nhiing hing s6 phic cia Co* va cia Co®". Tu cac
phuong trinh (8.7) va (8.8) ngudi ta thu dugce:

Box[CAONIGT (s 1024) = Kkh[ComI;né']
[CN7] [CN7]
Thay thé [Co®'] va [Co?'] vao phuong trinh (8.6)

3
E = Eo + 0,059 lg ___[KDX ] + 0,059 1g[c_°(@)€;_]
Kinl [COCN)E]

[Co®]=

thi 6 thé xac dinh thé€ chuin méi E’; tuong (ng v6i hé théng méi CO(CN)g_f
Co(CN)”

E, = Eo + 0,059 1g %
kh
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% thay d6i theo dd bén viing cua tiimg phitc Co(CN)ﬁ_ va Co(CN)z_
kh

Ngudi ta ¢é thé ching té rang phic Co(CN)g_I bén han phic Co(CN)é_ , nghia

1a ty 6 [_15%% rét nhé (khodng 10°*%). Hé théng méi nay c6 tinh khit rdt manh.
kh

1.5.3. Anh hudng cia su tao két tiia

Tugng tu nhu trudng hdp tao phiic, dang oxy hoa M,, hodc dang khit My, tao
thanh hop chat it tan v6i mét chat Y nao dé. Két qua 12 ndng dd giam lam thay déi
thé dién cue caa cap. Gia su dang khit M, tao két tha véi Y:

My, + mY > M, Y,V

véi hiing 8 TST = [M,,J[Y]™

00591 | [Moy]

E=E, ooxsvkm +

Mgl

0,0591 . M, I[Y]™

E = EO’ ox + : ]' s

(Mox / MKh) g TST

(,0591 ITST] 0,059

E =Eq, Mox/MKn) — lg —+ Ig[M, 1 (8.9)

[Y] n
, 0,0591 TST] . , 01,0591

E L&) :E{)’(M()WKH" lg[ ] va E = E 4] + ]glMux I

n [Y]m n

E’, thé oxy hoa — khit chuin biéu kién.

Nhu vay, néu dang khit ctia cip tao hop chat it tan thi khi két tha c6 TST cang
nhd, nong dd thudc thit Y cang 16n thi thé oxy hoa — khi cang tang. Néu két tia
xay ra v6l dang oxy hoa M,, thi dé dang suy ra thé oxy hoa ciia ciip sé giam di.

Thi du:

Tinh thé& chuin biéu kién cta cip Cu?*/Cu’ khi thém ion I tao két tta Cul véi
TST=10"2 Biét E_ ..,... =0.7 va ndng d5 [I']=(1M]

Hai ban phan iing: Cu® +e — Cu’
Cu"+T1 — Cul {
Cu+e+] - Cul |

va E = FE, - 0,0591.1g(107'%1) = 0,8792(V)
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Su c6 mat cua I” tao két tua Cul lam cho kha ning oxy hoa clia Cu®' ting
1én nhiéu.
1.6. Su thay d6i thé trong qua trinh phan wng - Hang s cin bang

Xét hal qua trinh hoa tan 1 va 2 cua 2 hé thong c¢6 thé oxv hoa — khu
khac nhau:

Ox, + ge - Kh,
Kh, - pe + Ox,
Né&u th& chuin ctia hé théng Ox,/Kh, cao hon thé chuin ciia hé théng Ox./Kh,.

Khi p phén tu cua Ox, tac dong trén q phén ti ciaa Kh, thi phan ing sé cin bang
va can bang nay sé bién thién theo thé cua hé théng oxy hoa - khit.

pOx; +pge —  pKh,

qKh, - qpe +q0x,

pOx, + gKh, - pKh, + qOx,
Tit phan ng nay, hang s6 cn bing K dudc tinh theo biéu thiic:
o Ky TP x [Ox, 18
[0x,]” x [Kh;]°

Theo dinh luat Nernst. Khi cac hé théng nay can bang thi thé E tuong tng véi

mbi hé théng bang nhau. Néu E va E. 1an lugt 1a thé chuén cla tiing hé théng:

Ox]" , q
E=g + 20991, [00] _ 52 00591, [Ox,] 510
PAd [Khy]P P4 [Kh,]d
C h. 1P O g
AEOZE:.*Ei: O’OS)IIg [Kh;]¥ x[Ox,] _ 00,0591 g K
P4 [0x,]" x[Kh;,] pq
El —E2)
g K= o0 ~EolPd .
0,0591

Trong truong hgp phan (ing chi sii dung 1 electron [thi du nhu su oxy hoa cila
Fe(II) bang cesium(IV)), biéu thitc trd thanh:
(Ey ~EQ)

lg K=
€ (,0591
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1.7. Thé & diém tuong duong

(6 thé tinh thé § diém tuong ducng 481 véi mét phan tng duge st dung trong
phan tich dinh hugng. Gia st 6 mét thoi diém nao d6 dung dich Ox, dude thém vao
dung dich Kh,. Theo (8.10)

= 14 = P
0,0;:»911g [Ox,] +qE(1J +q0’00911 [Oxl].
pa [kh,]? Pq [kh, [”
[0x,]{Ox5]
[Kh,][Kh;]
Tai diém tudng dudng, két qua ludn duge xac thyc:
p[Ox,] = q[Kh,} va p[Kh,] = g[Oxy]
vi Ox, va Kh, chi ¢6 thé 6 dugc tir su khit Ox,bdi Kh,,
[OX}.][OX'Z] = 1.
[Kh;][Kh;]

E(p+q)=pE§ +p

E(p+q) = pE} + qE| +0,0591 x ig

Phuong trinh trén duge don gidn hoa vi biéu thic

1 2
[OX}][OXz] —0vaAE= qEO + pEU

do doé:
[Kh{][Kh;] p+q
. Y eal . . Y .- 00591
Trong trudng hgp dac biét, cac phan tng chi su dung mdt e . co n =1,
n
thi E bing:
1 2
g= 20t ;EO (8.12)

Ap dung: Cé thé tinh gia tri K va thé & diém tudng duong trong hai thi du
dude st dung sau day.

Thidu 1: Tinh K

e Oxy hoa Sn (IT) bai Fe(II)

Fe' +e - Fe™" ; E| =+0,77 (volt)
Sn* - Sn** + Ze : E", =+ 0,14 (volt)
Theo (8.11) lgK= OF7Z0IDx2 514 Re10721
(.059
» Oxy hoa Fe (II) boi Ce(IV)
Ce’ +e— Ce™ E = +1,60 volt
Fe*" - Fe'' + e . E: =+0,77 volt

i
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_ (1,60-0,77)

1K
& 0,059

~14,07~14 —- K=10"

Thi du 2: Tinh th& & diém tuong duong:
Trong hai trudng hgp trén, phan dng c6 thé dudc xem nhu dich chuyén hoan
toan vé phia phai. O diém tuong duong, theo (8,12) ¢6 thé la:
Pé dinh lugng Sn(Il) bang Fe(II)

g= 2x077)+014 _ 0,56 (volt)

3
Dé dinh lugng Fe(IT) bing Ce(IV)
E-= @%@ — +1,185 (volt)

2. PHUGNG PHAP CHUAN PO OXY HOA - KHU

2.1. Dinh nghia

Phép chudn d6 oxy hoa — khi 1a phuong phap phan tich thé tich diing dung
dich chudn cha chat oxy hoa dé chudn dé chat khi nhu st (II), mangan (II),
iodid... hodc dung dich chuén clia chat khii d€ chusn d6 chit oxy hoa nhu sit (1T,
Mn (VII)...

Ngoai ra, ¢6 nhitng hgp chét khong cé tinh oxy hoa — khii nhung phan tng
hoédn toan véi chat oxy hoa hay chat khu (tao két tia hoic phfic chat) cang c6 thé
dinh lugng theo phuong phap nay.

2.2 Yéu cAu ctia phan Gng oxy hoa — khi diung trong phén tich thé tich

e Phan ting xay ra theo chiéu cin thiét.

¢ Phan {ing phai hoan toan.

e Phan ting xay ra du nhanh.

Chiéu clia mét phan iing dude dy bao dua vao thé oxy hoa — khit chuan. Trong
phan héng s§ cin bang da trinh bay AE, t6i thiéu dé cho phan Ung xiy ra hoan
toan. Tuy nhién hiéu AE, chi cho ta biét kha ning xay ra phan tng, con thuc té
phan (ng c¢6 xay ra khéng, téc d6 nhanh hay cham phu thuéc ca vao ban chit hoa
hoc cta chung. Nhu di néu & trén phan éng oxy hoa — khi thudng 13 qua trinh
phiic tap, xay ra qua nhiéu giai doan trung gian. Do vy téc d6 phédn ting thudng 1a
cham, nhiéu khi khéng dap tng yéu cau dinh lugng.
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2.3. Cac bién phap d& lam tang téc 46 phan ing

a) Tdang nhiét d¢: Khi nhiét d6 tang thudng thi tée d6 phan ng ting theo. Dé1
v6i hé déng thé khi nhiét d6 ting 10°C, t8c d6 phan tng ting 1én khodng 2-3 lan.
Thi du phan Ung gida dung dich KMnQ, véi acid oxalic H;C,0, xay ra cham &
nhiét dé thuong, khi dun nong phan ng nay xay ra kha nhanh. Nhung c¢é trudng
hgp khéng thé ding nhiét dé dé lam ting tdc d6 phan Gng, vi ting nhiét 46 s& lam
bay hdi chdt phan ting (nhu i0od), tac phan ing oxy hoa do oxy ctia khéng khi.

b) Ting nong dé: Trong mét s trudng hop ngudi ta ting néng d6 cha thudc
thit dé lam tang téc dé phan tng va hay st dung k¥ thuat chuin d6 nguge dé xac
dinh néng 6.

¢} Dung chdt xuc tac: Cac phan {ing oxy hoa - khit xay ra qua nhiéu giai doan
trung gian. Chat xtc tac thudng lam téng tée dd cia cac giai doan trung gian nay.
Vi du: iodid (I") dude ding dé xtic tic cho phan tng oxy hoa 8,0;% bing H,0,.

d) C6 nhiing phan {ing ma san phdm tao thanh déng vai trd xte tae cho chinh
phén éng d6. Thi du: Mn** trong chudn d6 bing thudc thit KMnO,.

2.4. Khao sat sy bién thién cta thé oxy hoa — khit, dudng cong chuan
dé oxy hoa - khwu '

Tuong ty nhu truong hgp chuén d¢ acid-base. Trong qua trinh chudn dé oxy
hoa — khit, ndng dé thude thit va chét cin chuin d6 ludn thay déi. Diéu dé din dén
sy thay déi thé. Co thé bidu dién su bién d6i cia thé theo thé tich chat chuin 4o
trén mot dd thi nhu bifu difn su bién d6i pH theo thé tich chat chudn d6 (bai
chuén d6 acid —base).

Bai todn: Vé dudng cong chuin do khi dinh lugng 50,0ml dung dich Fe?* 0,2M
bang dung dich MnOj; 0,1M méi trudng la H,SO, (duy tri néng 46 1M trong suét
qua trinh chuan 46 va [H'] luén luén la 1M).

Giai:

Phuong trinh phan ing xay ra nhu sau:

5Fe®* + MnOj +8H,0" — 5Fe’* + Mn%* + 12H,0

5 mol sat (II) + 1mol permanganat /méi truong acid cho 5 mol sit (IT1) va 1
mol mangand

Béan phén ung 1: 5Fe?* +5¢~ — 5Fe®* | E;= 0,68 volt / H,SO, 1M

Ban phan tng 2: MnOj +8H" +5¢ - Mn?* + 4H,0 ; E,;=1,51 volt
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Hing s6 cAn bang ctia phan dng nay duge tinh:

2
- (By —E{)pd _ (1,51-0,68)x5

: =70,22 = K=10"""#
0,0591 0,0591

vi thé c6 thé khang dinh la chédt phan tich va chit chuin dé phan dng
hoan toan.

—Sau khi thém Sml KMnOy,

mmol Fe?" = 10mmol Fe?

lugng Fe™ dau tién: 50ml Fe* x 0,2 1
m

mmol MnOj
ml  MnOj

hkigng MnOj thém vao: 5ml MnOj x 0,1

= 0,5mmol MnOy

5mmol Fe®*

Immol MnOj

Iugng Fe™ tao thanh: 0,5mmol MnOj x

= 2 5mmol Fe®*

. . . 1 2+
lugng Fe™ con lai: 10mmol Fe®" - 2, 5mmol Fe**  Immol Fe™"

mmol Fe3*
= 7.5mmol Fe?*
Téng thé tich hién cé: 50 ml + 5ml = 55ml

Thé oxy hoa - khii ciia cap (Fe’ / Fe*) sau khi thém 5ml permanganat:

[Fe?*1/55

E=E 5
[Fe**]/55

y T 0,0591 lg

0 3
(Fe®* t Fe?*

1

E=0,68+ 00591 1g27) = 065 (volt)
- [7.5]

- Tinh thé tai diém tuong duong

g - 9B0 +PE§ _ (5x1,51)+(1x0,68)
p+q 6

=1,37

—Sau khi thém 25 ml KMnO,

mmol Fe®" = 10mmol Fe?*

lugng Fe? diu tién: 50ml Fe?' x 0,2 |
m
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mmol

lugng MnOj thém vao: 25ml MnO; x 0,1 MnOjy

ml

= 2,6mmol MnOj}

Immol Mn?*

-— = 2mmol Mn**
2+

lugng Mn*" tao thanh: 10mmol Fe®* x
5mmol Fe

Immol MnOj}

lugng MnOj ¢on lai = 2,5mmol MnOj - 2mmol Mn?" x 5
mmol Mn*“*

= 0,5mmol MnQO;,
Téng thé tich hién ¢6: 50 ml + 60ml = 110ml

Thé oxy hoa — khit ctia cap (MnOj /Mn?") sé 1a:

ek 00591 [MnOZ J[H*1®
~ To(MnOj / Mn}) 5 g [Mn2+]
8
0,0591. 05/110x1 0,0591
E=1,51+ lg >/ = E=151+ —5—~x -5,569 =1,50volt
5 2/110 5
Bing 8.2. Sy bién thién cla thé E theo [MnOj } dudc cho vao
[MnOj | (MnOj ] , :t')u'fjng bién thién
z cua thé E theo [MnO; ] cho vao
thémvao | E(v) | themvao | E(v) S e
1.2
5 0,65 20 1,37 : //
P E———
f.d
10 0.68 25 1,50 g2
0 .
0 10 20 30 4n
MnOy ]
15 0,71 30 1,51
Nhin xét

« Dudng biéu dién dinh lugng trong phuong phap oxy hoa ~ khii ¢6 dang tuong
tw nhu trong phudng phap trung héa. O gin diém tuong duong 6 budc nhay thé
dot ngot. C6 thé ding chi thi dé phat hién diém nay.
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¢ Dudng biéu dién khéng phu thuéc vao d¢ pha lodng dung dich vi trong
phuong trinh tinh thé E cho thdy ty s6 néng dé chat oxy hoa va chit khi khéng
thay d8i khi pha loang.

* Tri s6 bude nhdy phu thudc vae hiéu 8§ AE,= Ey; — Ey, . Hidu s6 AE, cang
16n bude nhay thé cang cao.

Bién thién cia thé E trong qua trinh chudn do.

2.5. Chi thi st dung trong phan tng oxy hoa - khi

2.5.1. Dinh nghia

Chi thi oxy hoa — khti 1a cac hé théng oxy hoa — khit ma dang oxy hod va dang
khtt ¢6 mau khac nhau dé xac dinh diém két thic phan tng.

2.5.2. Diéu kién st dung

Mot chit chi thi oxy hoa ~ khit phai dap ng:

— Thay déi mau titc thdi va c6 thé cang thuan nghich cang t6t (diéu kién nay
khé thuc hién duge vi it ¢6 phan Ung oxy hoa — khii nao xay ra nhanh va
thuan nghich).

— D11 d6 nhay: dé c6 thé st dung mdt lugng chi thi nhé ma khéng ké dén sai s6
do Iugng dung dich chi thi oxy hoa hay khit dd duge tiéu thu dé xac dinh su thay
d6i cha mau séc.

2.5.3. Co ché chuyén mau ciia chi thi oxy hod - khi

— C6 vai chi thi chuyén mau do cic dang oxy hoa va dang khii ciia chi thi c6
mau sic khac nhau.

Thi du: Dung dich MnQOj; ¢6 mau tim dam. Tuy nhién, trong dung dich acid
thi dang khit cia permanganat 134 Mn*" gin nhu khéng mau. Khi MnQj duge su
dung nhu chat chuin d6 oxy hoa thi dung dich sé khéng mau (do dung dich phan
tich ¢6 tinh khit) cho dén luc gigt thita MnO; dau tién duge thém vao thi dung
dich nhudm mau hdi tim xanh sé cho biét diém két thic cfia phan tng.

— C6 vai chat chi thi chuyén mau khi két hop véi cac chit oxy hoa — khit dic
biét c6 trong dung dich chuin dé.

Thi du: Tinh bét tao phttic xanh duong véi I3 nén cé thé sit dung dé phat hién
sy ¢6 mit cua lugng thia Iy (chuyén mau ti khéng mau sang xanh duong) hay

tinh bdt phat hién diém két thic cda phan tng ma trong d6 Iy da duge tiéu thu
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hé&t (chuyén tit mau xanh duong sang khéng mau). Thi du khéc cia mét chi thi
loai nay la thiocyanat tao véi Fe® phitc dé Fe(SCN)?* hoa tan.

- Tuy nhién, c6 loai chi thi chuyén mau la do thé dién hoa ctia dung dich thay
dé1. Loai chi thi oxy hoa— khit rat quan trong nay la cac chét khéng tham dy vao
chuan dé oxy hoa— khtt nhung chuyén mau la do khi thém chi thi loai nay vao
dung dich phén tich thi mau chi thi s& tuy thugc vao thé dién hoa clia dung dich.
Vi su thay d6i mau dap tng vi the dién hoa nén nhiing hgp chit nay goi chung la
chi thi oxy hoa -khit chuyén biét.

2.5.4. Phén loai chi thi oxy hod - khit
Chi thi oxy hoa - khtt: ¢6 2 loai chl yé&u 1a chi thi chung va chi thi chuyén biét.
* Chi thi chung: 1a nhiing chit c6 mau thay déi khi bi oxy hoa hay bi khu.

e Chi thi chuyén biét: sy thay d6i mau cha chi thi oxy — héa khit that sy doc
lap véi ban chit hoa hoc cta chat phan tich, chat chudn db va tuy thuée vao su
thay déi thé dién cuc clia hé thong xay ra trong lic chudn db.

Bang 8.3. Mt s8 chi thi oxy hoa - khiy

Tén chi thi Mau cla dang oxy hoa Mau clia dang khtt E% ()
Indigo tetra sutfonat xanh duadng khéng mau 0,36
Xanh methylen xanh dudng khéng mau 0,53
Diphenylamin tim khéng mau +0,78
Diphenylbenzidin tim khéng mau +0,76
Diphenylamine sulfonic acid do tim khdng mau 0,85
Tris (2,2'- bipyridin) sat xanh duong dam ds 1,12
Ferroin xanh dudng nhat do +1,06
IT;SO(—spLQ:raOn_throlin) iron xanh dudng dam do tim 1.25
Acid phenylantranilic tim khéng mau +1,08

Dé chon chat chi thi cho mét phép chuin d6 ngudi ta thudng diing phuong
phdp vé dudng biéu dién sy bién thién cia thé theo thé tich, chi thi s& chon thudng
c6 th& chuén gén véi the chudn tai diém tuong dudng caa phan 1ing oxy hoa — khui.

Phan tng d6i mau khong luén luén nhanh cfia chi thi mang mau sé din dén
sal s0 hé théng trong khi dinh lugng.
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Mat khac, vai méi trudng phan iing ¢6 mau khong sit dung duge chit cht thi.
D& loai di cac bat 1ol nay, ngudi ta sti dung phép chuén d6 thé.

2.5.5. Khodng déi mau cua chi thi oxy hod — khi

Néu goi chi thi mang mau ¢ dang oxy hoa la In,,, dang khu 1a Iny,, thi:
In,, + ne—- - Ing,

Nhu vay, thé oxy hoa — khii ctia hé théng c6 thé viét la:

1
E = E?n ~ 0,0591 g [Ingyl
n [Inox)

E{, 14 thé chudn cha hé théng Ing, / Ingy,
Khoang d6i mau cia mét chi thi oxy hoa — khii 1a khodng bién déi thé khi ty 1é

. In . In 1
chuyén tit —2% =10 chuyén sang —* =

In kh Inkh B E
Nhu vay, khoang déi mau clia chi thi nam trong gidi han:

E déi mau~ EJ, + 0,0591

Trong nhiéu trudng hop cac hé théng oxy hoa — khii ¢6 su tham gia ctia cac H'
thi khoang d8i mau chia chi thi (chti y&u phu thude vao thé chuén biéu kién E caa

chi thi) s& bién thién theo pH va do vay khoang ddi mau sé phu thudc pH.

3. MOT SO PHEP DO OXY HOA — KHU SU DUNG TRONG NGANH
DUGQC

3.1. Phép do Permanganat

3.1.1. Nguyén tdc

Phuong phap Permanganat van dung kha ning oxy hod cua permanganat
MnOQj . Phan {ing thudng duge thuc hién trong méi truong acid va mudi duy nhéit
duge s dung 1a mudi kali.

Permanganat 1a chét oxy hod manh d6i véi nhitng hé théng khu (MnOj} Mn**

= +1,51 volt & pH = 0) dan dén két qua 1a tinh chon loc cia ch4t oxy hoa nay rat
yé&u vi cac chat khac déu déng vai tro 12 chidt khit cia permanganat, do vay thuong
st dung dé dinh ludng cac chat khi.
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3.1.2. Vai tro cua pH

a) Trong mdi trudng acid: Mn™ + 5¢- — Mn*".
b) Trong mdi trudng trung tinh hay kiém:
— Trong méi truong trung tinh hay kiém yéu, kha nang oxy hoa yéu hon.
Mn™ + 3¢ - Mn*"
Mn"" duéi dang MnQ, tlia nén khé st dung)
— Trong méi truong kiém manh, kha ning oxy hoa con yéu hon nita.
Mn™+e - Mn®%

- Trong moi truong trung tinh hay kiém, phan tng kém lip lai hon trong moi
trucng acid, sy oxy hoa ngiing 6 nhiing giai doan khac nhau va san phim cé mau
do d6 can st dung ky thuat chudn dé thia trt khi mudn thue hién trong moi
trudng nay. Thuc t& hay st dung méi trusng acid dé chuan dé bing phuong phap
permanganat.

3.1.3. Acid duge su dung trong phép do permanganat
a) HCL: khéng thé diing vi MnOj cé thé oxy hoa Cl” gidi phéng Cl,,.
2KMnO, + 16 C1” + 16H" — 2K'+ 2Mn*"+ 6 C1 + 8H,0 + 5CI,

Trong thuc t&, su oxy hoa nhiing ion Cl” chi xuat hién khi ndng dé mudi cao va
khi nhiét d6 moéi truong cao hon nhiét d6 ciia phong thi nghiém. Do ¢6 thé phéng
thich Cl,, phai tranh dinh lugng FeCl, bdi phuong phap permanganat trong méi
trusng HCI vi ion Fe®* lai cang xidc tac phan tng nay.

Trong nhiing trudgng hgp dic biét HC ciing duge dung khi oxy hoa truc tiép
anhydrid arsend (phuong phdp Bright).

b) HNOj: ion nitrat NO; khéng anh hudng bat igi nhung vi HNO, trong

thuong mai ludn luén chia nhiing ion nitrd NO, va anion nay khtt permanganat
nén acid HNQO, thudéng khéng duge dung.

¢) HySO, va H3PO,: thuong st dung 2 acid nay dé lam méi trudng
2KMnO, + 3 H,80, 5 K,80,+2MnSO,+ 2H,0 + %Oz

hay MnO; +8H " + de”

MnZ + 4H,0

E =

Mn(); = 31,60
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3.1.4. Dung dich chuén su dung trong phép do permanganat

— Dung dich chuian KMnO, 0,1N: mudi nay tu khit dé dang khi ¢6 mit nhiing
tap hitu cd, do d6 khi cAn truc ti€p dé hoa tan thi ndng d6 thudng dudi mic

mong mudn.

— Diéu ché: Hoa tan khoang 3,25 g KMnO, nay trong 1 lit nuée di dun sbi
trude. Bao quan dung dich trong lo sach va dé vai ngay trude khi thite hién chuén
d6 lai. Trong khoang thdi gian nay nhiing chit hitu cd s& bi oxy hoa va nong dd
giam nhe. Khi tit ca nhiing chat hitu co da bi oxy hoa thi néng d6 ciia dung dich
hau nhu bén vitng. Loc qua béng thuy tinh hay phéu thuy tinh x8p. Dich loc duge
chiia trong nhiung chai thuy tinh mau vi 4nh sAng xidc¢ tac sy phidn huy
permanganat. Khi sit dung, xac dinh lai néng d6 bang dung dich acid oxalic.

— Bdo quan: dé tranh anh sang hoan toan vi anh sang xudc tic su phan hiy
permanganadt.

3.1.5. U’ﬁg dung dinh luong bang phép do permanganat

3.1.5.1 Pinh luong cde hop chdt v co

a) Dinh luong mudi sdt IT: (Fe®* c6 tinh khv) trong thic té hay st dung muéi
Mohr

Fe** -  Fe® (mbi trusng H,S0,)

Né&u mudi sit I1 § dang clorid thi st dung cromat acid kali hay cerium (IV) lam
tac nhan oxy hoa vi Cl” s& 1am ré1 dinh lugng do tao Cl,.

b) Dinh luong muéi sdt (III) —(Fe** ¢6 tinh oxy hod)

Phai khii ion Ferric (Fe™) trude véi mét luong thira thuée thd Sn**, amalgam
kém (Zn), anhydrid sulfurs hay H,80, Ion sit II (Fe®™) duge tao nén sé dude
chudn d% bang dung dich permanganat.

¢) Dinh lugng peroxyd

Hydroperoxyd (nudc oxy gia) (peroxyd hydro) viia ¢6 tinh oxy hoa, vira ¢d tinh
khi.

Khi tac dung véi chat khit manh hon thi thé hién tinh oxy hoa:
(0.)° + 2e + 4H' = 2H,0
Khi tac dung véi chit oxy hoda manh hon thi thé hién tinh khu:
(0 - 2 > 0,

Trudng hdp hydroperoxyd 1a chit khu: su dung dung dich kali permanganat
0,1N dé dinh lugng nude oxy gia trong méi trudng acid.
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Co ché phan ting: KMnO, phan hiy hydroperoxyd dé phéng thich oxy theo
phuong trinh:
2KMH04 + 5H202 + 3H2804 — KQSO,; + 2Mn 804 + 502 + SHQO
Hydroperoxyd la chit khiu: H,0, — 2e + 2H" + 0,

Dé tinh dude céc loai néng 46 cha dung dich hydroperoxyd phai tinh duge
duong lugng gam, duong lugng thé tich cia hydroperoxyd:
Puong lugng gam:

My,0, 34
- 272 —
By,0, =— =" =17(g)

Puong lugng thé tich cha hydroperoxyd 1a s& lit oxy giai phéng ra do 1 duong
lugng gam hydroperoxyd bi phin huy hoan toan.

H,0, - H,0 + %02

17g - xlit
17.1.99 4
- x=—2 " —56(lit)
34

Vay duong lugng thé tich ctia hydroperoxyd 1a 5,6 lit (8 diéu kién tidu chuén).
T d6 tinh duge s8 lit oxy gidi phéng ra do 1 lit dung dich nuée oxy gia c6 néng do
N bi phin hny hoan toan.

V02 =56xN

Vo, 12 thé tich oxy giai phéng ra do 1 lit dung dich hydroperoxyd bi phan hay
hoan toan.

N 12 néng d% duong lugng ctia dung dich hydroperoxyd.

Chu ¥: phép dinh luong chi cho k&t qua chinh xac khi néng dd dung dich
hydroperoxyd dem chuan dé x4p xi 1 thé tich.

Mot duong lugng cia KMnO, tuong tng véi 17 gam hydroperoxyd ho#c tuong
{ing v6i 16 gam oxy hay tuong tng véi 11,2 lit khi O, trong diéu kién-tiéu chuan vé
ap sudt va nhiét do.

Chu y: nhiing chit bao quan (acid benzoic...) trong nudec oxy gia ¢6 thé din dén
nhiing sai s6 thita vi nhiing hop chit nay bi dung dich permanganat oxy hoa.
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d) Pinh luong nitrit

CAc nitrit trong méi truong acid duge oxy hoa bang KMnO,.
£l . - ]_ . . 2 . a " .-
Puong lugng cua KMnQO, tuong ing véi B mol nitrit. Phan 1ing xay ra ¢ nhiét

dd gan 40C. Ion nitrit NO; bi phéan hity dé dang cho nén dé nitrit vao buret va
cho tl tii vao dung dich dé chuin dé MnO; dd dugc acid hoa truée bing H,S0,
dén khi mat mau dung dich.

3.1.5.2. Dinh luong cdc hgp chat hitu co

Viée stt dung truc tiép KMnQ, dé phan tich cac hop chat hiu ¢d hién nay it
duge su dung.
3.2 Phép do iod

3.2.1. Nguyén tdc

Phuong phap iod bao gém viéc dinh huogng st dung tinh chat oxy hod — khi cua
hé théng iod/iodid (I./217)

Iod (I,) la mot halogen cé tinh oxy hod manh thu 1 electron khi tac dung véi
chat khu.
I, + 2e — 21"

Nguge lai iodid (I7) c6 tinh khi dé nhudng 1 electron khi tac dung véi chat
oxy hoa:
2 -2e—>1,
Do vay dung dich I, dé dinh lugng chat khii va dung dich todid dé dinh ludng
chit oxy hoa:
I,+2e — 2T
3.2.2. Cdc ky thudt chudn d¢ trong phép do iod

Cac ky thuat chudn d6 da dude gidi thiéu trong bai phudng phap phan tich thé
tich, phan nay sé nhic s6 bé cach tién hanh trong phép do iod.

3.2.2.1. Chudn dé trize tiép

Tién hanh: chuan d6 cac dung dich cé tinh khit bang dung dich chuin 6 iod.

Thé oxy - khit chuin E°= + 0,535 V cho thay iod la mét tac nhan oxy hoa yéu
(6 vi tri gifia cia bang thé oxy hoa — kh chuén).

I,+2 —2I . E°=+0,535 (V)
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Tuy vay, ¢6 vai chit dude chuin d6 true tiép bang dung dich iod thich hop hon
vi tdc dong oxy hoa nhe cla iod lai cé lgi trong khi st dung chat chudn dé manh
hon ¢6 thé giy ra su oxy hoa khong ty higng.

3.2.2.2. Chudn dé thita triz (chudn dd nguoc)

Tién hanh: thém mét lugng thita dung dich KI vao mau ch@a chit oxy hoa.
Chit oxy hoa nay bi iodid khu, két qua tao thanh mét Jugng iod tudng ducng va
dude chuin d6 bing natri thiosulfat chudn.

A, + I (lugng thita) — Ay + 1,
28,03 + L - 8,0f +2r

Iod tao thanh trong phan Gng dau tién tudng duong véi lugng tac nhan oxy
hoa A, c6 trong mau. Ké dé iod tao thanh dude chuin d6 bang natri thiosulfat, cac
ion iodid va tetrathionat la cac san pham.

3.2.2.3. Chudn dé thé

Tién hanh: cho mét thé tich chinh xac dung dich cin dinh liong tac dung véi
moét lugng du thude thi nao d6, phan ving sinh ra mét ludng chit méi tuang ducng
hoa hoc v6i lugng chat can xac dinh. Dung dung dich chuin d6 dé dinh lugng chat
mdi sinh ra.

Thi du: dinh lugng K,Cr,0; bing cach cho tac dung véi KI thira (méi trudng
acid) d€ giai phéng iod (lugng tuong duong).

K,Cr,0; + 6KI + THy;80, — 31, + Cr,(80,), + 4K, S0, + TH,0

Thay vi dinh lugng K,Cr,0; thi sé dinh lugng 1, phéng thich bang Na,S,0.,.

2Na28203 + IQ —r 2NaI + Na2S,106

3.2.3. Diéu kién tién hanh

3.2.3.1 Vai tro cua pH

Vi hé I,/2]" trong thang thé oxy hod — khii 6 vi tri gitia (thé chuin oxy hoa -
khu = 0,54 volt 6 pH = 9) nén tinh oxy hoa hay tinh khu ctia hé nay thay déi theo
ban chat ctia cip oxy hoa — khit hién dién v theo pH ctta méi trudng phéan Gng.

— Trong méi trudng acid: kha ning oxy hoa cua iod thé hién d61 véi cac hé
thdng ¢6 the oxy hoa — khi thap hon hé théng (I1,/210). Thi du: iod cé thé oxy hoa
thiée clorid (SnCly), hydro sulfua (H,S), acid sulfurc (80y), natri thiosulfat
(Na,5,05).
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— Trong méi trudng acid manh: mot s& hé oxy hoa — khti lai c¢6 thé tang 1én va
kha nang khit cia iodid lai thé hién. Do vay trong méi trudng acid manh, iodid
khit acid nitra HNO,, cac arseniat AsO; .

- Trong moi truong trung tinh, thé ciia vai hé thdng oxy hoa — khu di giam va
nhu vay ¢ thé bi oxy hoa béi iod. Thi du: ¢6 thé oxy hoa nhiing arsenit A50§3 bdi
iod trong méi trucng trung tinh.

Nhu vay, méi trudng acid yéu hodc trung tinh hoic kiém nhe (pH = 5 - 8):
thudng dude st dung dé chuin db truc ti€p iod trong phép do iod.

Trong vai trudng hgp chufin d6 truc tiép iod, pH cin phai theo that ding. Thi
du: trong dung dich trung tinh, viéc chuén d6 arsenic (III) thanh arsenic (V) bang
iod dién ra t&t theo phudng trinh phan t{ng:

H,AsO; + 1o+ H,0 - HAsO% +3H"+2I

Tuy nhién, trong dung dich acid manh thi phan tng sé chay theo chiéu nguge
lai, arsenic (V) thanh arsenic (I1I):

H;AsQ, + 21" + 2H' 5 H;AsQ,+ I, + H,O

— Trong méi trusng kidm pH = 9 thutng mic phai sai s8 do iod oxy hoa thanh
hypoiodid (I07) khéng bén va phan huy thanh iodat (I03), IO ¢6 tinh oxy hoa

manh hon iod, né chuyén dude ion 8203_ thanh S,0, din dén sai s6 do d6 khéng
nén tién hanh phép do iod trong mdi trusng kiém.
I, +20H - 10 +1 +H,0

3.2.3.2. Nhiét db

Tién hanh & nhiét d6 thudng (trong phéng) vi tién hanh & nhiét d6 caoc thi iod
s& bi thang hoa va d6 nhay cua chi thi giam, din dén sai s6 két qua dinh lugng.

3.2.3.3. Thoi gian phan ing

Khi dinh lugng bing k¥ thuat chuin d6 thé, phan tng giita kali iodid va chit
oxy hod cén tién hanh trong 10 dén 15 phut d& phan tng x4y ra hoan toan, dng
thai dé kali iodid khéng bi phan hiy thanh iod, cAn tranh anh sang do phan fing:

417 + 0y +4H* ===, + 2H,0
3.2.3.4. Chi thi '

Chi thi thudng st dung hé tinh bdt. Trong chuan dé truc tiép, néu hd tinh bét
duge thém vaoe sém qua thi iod sé hap thu trén ho tinh bdt dé din dén sai s6 khi
phat hién diém két thuc.
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Khi dinh lugng dung dich iod ¢6 néng dé thap thi nén thém hé tinh bdt hay
thioden va khi c6 mat iodid, cac chdt nay sé cho phiic mau xanh duong.

Khi ¢6 mat cua cic dung mdi hitu co khéng c6 oxy (cloroform, carbon
tetraclorid) thi mét giot thiia sé lam cho pha hiiu cd nay ¢6 mau hong.

3.2.3.5. Sai 56 “oxy”

Sai 8 “oxy” & van dé khi chuin d6 thita trit bang iod. Trong dung dich acid,
oxy ti khéng khi oxy hoa iodid thanh iod.

O, + 41 +4H" - 21, + 2H,0

Phan {ing nay gy ra sai s6 thita khi chudn d¢ gian tiép bing iod. Sai s6 gia
tang theo tinh acid.

Sai 86 “oxy” tranh dugc khi thyc hién trong khi quyén trd hodic thém carbon

dioxid rén hay natri bicarbonat vao dung dich acid dé tao ra su bao vé cua carbon
dioxid hoac dé tranh thita acid.

3.2.4. Dung dich chudn siz dung trong phép do iod

3.2.4.1. Dung dich oxy hod

a) Dung dich iod: iod 14 mét chét rdn tan dude trong mét s8 dung méi hitu co
nhung lai it tan trong nudc va dé bay hoi. Nhung khi ¢6 mat ctia iodid (nhu Nal
hay KI) thi iod phan {ing véi iodid dé tao thanh phtc anion triiodid ¢6 mau nau do
dam c6 thé tan duge trong nuéc.

L+T -1,

Do vay, dé khéc phue khuyét diém khéng tan trong nudc cua iod, dung dich
chuéin db iod ¢6 thé diéu ché bing cich hoa tan cdn than mét lugng iod trong dung
dich nuée c¢6 iodid. Trong cach viét va cAn bang phudng trinh hoa hoc, ngudi ta viét
don gian dung dich iod hoa tan trong iodid 1a L.

Cac dung dich iod duge pha ch& nhu thé phai duge bae quan tranh 4nh sang
trong nhiing lo mau, ¢6 niit kin dé tranh su oxy hoa cac iodid do oxy cia khong khi
va tranh mat iod do bay hoi. Phai tranh moi vét déng vi kim loai nay dé& dang oxy
hoa cac iodid do oxy ctia khéng khi.

b) Dung dich kali iodat: K104 (M = 214,02):

Khi ¢6 mat 1 lugng thita iodid va H', 1 ion iodat 103 phéng thich 3 phan tu
10d su dung 6e '
103 + 51" + 6H" -» 31, + 3H,O

M 214,02
6

E= =35,67
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Pha dung dich kali iodat 0,1N theo Duge dién Viét nam III {trang PL 28). Cé
thé thém vao dung dich nay mét lugng thua KI trong lic diéu ché (15 gflit) hay
trong trudng hop ngude lai, cho I” vao mau thi nghiém ctia dung dich nay ldc su
dung. Hén hop dugde acid hoa bing 1 thé tich thita dung dich HC} hay H,SO,
loang. Tod phéng thich s& dude chudn d6 bang natri thiosulfat.

¢) Dung dich kali bromat: (KCrQ4; M = 167,01) duge lam kho truée tiz 120°C —
150°C

BrO, + 61 +6H" — 31, + Br  + 3H,0

Khi pha, thém dung dich I vao hic dinh lugng (giéng trugng hgp cua kali
1odat).

— pha dung dich kali bromat 0,1N theo Dude dién Viét nam II (PL 27).

d) Dung dich kali dicromat: (K,Cr,O;; M = 294,21) gidng truong hgp trén, khi

c6 mot luong thita KI trong méi trudng acid thi kali dicromat ¢é thé phéng thich
iod theo phan ling:

Cr,02 + 14H" +6I" - 3L, + 2Cr*" + TH,,0

Phan tng thuc hién vdi su ¢6 mit cua 1 lugng thita acid. Dung dich natri
thiosulfat duge cho vao buret. Diém tuong dudng dude xac dinh nhd hd tinh bt
duge thém vio can diém tudng duong. Ion Cr** ¢6 mau xanh luc. Su chuyén mau
tif xanh dudng dam dén xanh luc.

3.2.4.2. Dung dich khu
Dung dich natri1 thiosulfat (Na,S,05)

— Pha ché* thuong thudng, dung dich natri thiosulfat dude pha ché & néng d6
0,1N. Nudc dung d€ pha phai duéi khi carbonic trude vi acid di vao dung dich nay
sé lam duc tir tit thiosulfat do tao tua luu huynh:

8,07~ +2H" - 80, T+ 8! + H,0

Phai bao quan tranh anh sang. Can thém viao mét it chit bao quén nhu natri
borat (3%) hay cén amylic (0,8%) dé tranh nhidém vi sinh vat.

Phan tng x&y ra do iod oxy ho# ion thiosulfat 8,03~ thanh ion tetrathionat
8,08
28,05 +1, > S,03" + 2T

Puong lugng cda thiosulfat tucng ing vdi mét phan ti gam (E = M = 248,2),
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Natri thiosulfat (Na,8,0,5H,0) khéng phai la chat géc vi d& hit nuée. Do
vay, méi 1dn dinh lugng phai chuin d6 lai bang dung dich chuin d6 iod hoac dung
dich chudn dd permaganat (chuin d6 thita trii) hodc dung dich chuin db kali iodat
(KIO.).

3.2.5. Ung dung dinh luong bing phép do iod

3.2.5.1. Phép do iod trong méi truong nude

— Chudn d6 truc tiép: Phép do iod trong phan tich hgp chdt vé cg dé dinh lugng
natri thiosulfat, cac sulfit, cac cyanid, cidc muéi kim loai.

— Chudn dg thita triz: (phép do iodid)

+ Phén tich hdp chit v6 cd: Dinh hugng halogen, cac hypohalogenid, cac todat,
cac arseniat, cic peroxyd: nudc oxy gid, cAc muéi kim loai: muéi ceric, mudi déng,
cac ferricyanid.

+ Phan tich hgp chat hitu co: Vai hop chi't hitu cd ¢6 kha nang gin vao iod mébt
cach dinh lugng 6 nhiing méi trudng thich hgp va véi mot lugng thira iod nén dinh
lugng ludn luén theo ky thuat chuin d9 thira trit. Song song thuc hién mét
mau tréng.

Ap dung k¥ thuat nay dé dinh lugng cac din chit cta luu huynh hitu co ¢6
chita nhém thiol, cac hydrazin va din chat claa chung, dinh lugng gié.h ti€p céc
formaldehyd, dinh lugng gian tiép cac aldehyd

+ Xac dinh chi s6 1od

Dinh nghia: chi s8 iod 12 s6 gam iod ¢é kha ning ¢ dinh trén néi doi cta 100 g
chéit khao sat. D6 chinh la phén tram iod duge gin bdi mét chit.

Trong nhiing diéu kién ddc biét, iod ¢6 thé c6 kha ning c§ dinh trén néi doi
(trong méi truong khan). That vay, mdt minh iod khéng thé tu gin truc tidp va
phai dung 1 halogenid (iodid, clorid hay bromid) tac dong bing cach tu phan cuc.
hoé thanh I** - X% theo phan ing:

R-C=C-R'+R-CX-Cl-R

Thuoc thi phai duge cho vao véi lugng thita va sau mdt thol gian tiép xiic xac
dinh s& dugce dinh lugng. Mt lugng thita dung dich nudc KI duge thém vao va nhu
vay s€ phéng thich dinh lugng i0d bang tac déng cta halogenid iod trén KI:

XI+I -1, +X

lod duge phéng thich sé duge dinh lugng bdng natri thiosulfat. Trong nhiing
diéu kién nly, mét nguyén ti halogen X tac dong nhu mét nguyén tit iod va tir dé
tinh toan két qua. Thye hién song song mét mau tring.
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3.2.5.2. Phép do iod trong moi truong khan (chuén dé Karl — Fischer)

Vide xac dinh ham lugng nudc trong nhitng chit vo ¢o cling nhu chét hitu cd
thudng riat quan trong. Cho dén nay, ¢6 nhiéu phuong phéap vat Iy va hoa hoc dé
dinh lugng nude, nhung ky thuat Karl — Fischer mé ta nam 1935 dugc sit dung
nhidu do tinh chinh xAc va chuyén biét ciing nhu do tinh toan két qua tudng déi
don gian.

Nguyén tic dinh lugng nudc theo Karl — Fischer: khi ¢6 mat nude thi iod tac
dong trén anhydrid sulfurg dé cho acid sulfuric (H,S0,) va acid iodhydric (HI).

9H,0 + SO, + I, 5 H,S0, + 2HI

Phan tng nay lai duge Bunsen thuc hién véi sy c6 mat cua pyridin lam cho
phan ung hoan toan dich chuyén vé phia phai bang cach két hgp base nay véi
nhing acid tao thanh theo phan tng 1y thuyét téng quat:

9H,0 + SO, + I, + 4CeH; N —> (CgH NH* 5 SO, + 2CH,NHT

Trong nhiing diéu kién di cho, lugng iod dude tiéu thu thay déi theo lugng
nuée cé mit trong phan ng, 1 phan ti iod tuong Gng véi 2 phan tit nudc.

D6 nhay ctia phuong phap tang c6 thé gap doi néu phan tng xay ra véi sy ¢d
mat cia MeOH, 1 phan tit cha dung méi nay sé “thay th&” 1 phan ti nuéc. Phan
{ing c6 thé bi phan hity thanh 2 giai doan lién tiép:

~ Tod vi anhydrid sulfurc két hgp trude véi pyridin.

SO, + I+ 3C,H; N = CylLy N + CgHy N-I, + CgH; N-SO,

Sau phén tng toan phin nay, mdt phan ti nude tiéu thu 1 phan tu iod, mét
phan tit anhydrid sulfurd, 3 phan ti pyridin va mét phin tit methanol.

H,O + CgHy N + CgHy N-I, + CgH; N-SO, —> 2CeH; N-H'1" + CoH; N*-80;
CHy N*-80,” + CH,0H — C¢H; NH*CH,0 SO~

3.3. Phép do nitrit
3.3.1. Nguyén tdic

Trong méi trudng acid, natri nitrit tac dung véi amin thom béac nhat tao mudi
diazo khéng mau (phan ting diazo hoa).

NaNQ, + HCl - HNQO,, + NaCl
Ar-NH, + HNO, + HC]1 = [Ar-N'=N]C] + 2H,0

Tit thé tich dung dich natri nitrit 0,1M di phan ing, tinh néng d6 hodc ham
lugng chat can xac dinh.
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3.3.2. Diéu kién tién hanh

— Mbi trudng phai acid va lodng.

_ Nhiét dé thap (thém nudc da).

— Khudy déu dung dich cin chuin dé.

~ Luc ddu nhd dung dich chudn d6 khoang 2ml /phit, dén trudc diém tuong
duong khoang 1ml thi nhé timg 0,1ml mét va d€ yén it nhat mot phiit sau méi lan
thém dung dich.

(hién nay phuong phép nitrit dd duge néu rd cach tién hanh trong cac duge
dién va cé thé doc két qua do su thay d6i thé oxy hoa — khit hoac chuan dé ampe.
Né&u khéng 6 may thi sé st dung chi thi dé phat hién diém két thic).

3.3.3. Dung dich chudn sit dung trong phép do nitrit

Dung dich natri nitrit (NaNO,) néng d3 0,1M.

Céac nitrit (NaNO,) bén hon 1a HNO,. Chung hoa tan t6t trong nuée. Chat hoa
tan kém nhat 1a AgNO, (bac nitrit) nhung tan t6t § nhiét dé néng. Vai mudi phic
chita ion NO, kém tan, Thi du: K4[CONO)l, (NH,);[CONO)gl, ...

Khac véi acid nitric, acid nitrd tuong d6i yéu (K= 4.107%).

NO; & anion cua HNO,. Acid nay chi hién hitu 6 trang thai ty do trong dung
dich acid lodng ¢ nhiét ¢ lanh va s& bi phan hiy mdt cach dé dang thanh
anhydrid nitrg va nudc:

2HN02 —> NZO:; + H20

Anhydrid nitro bén va chi ¢6 mat & nhiét d6 thap. $ nhiét dé trong phong, né

tu phan huy tdc khic véi sy tao thanh oxyd va peroxyd nits.
N203 —> NO + N02

3.3.4. Chi thi su dung trong phép do nitrit

Tai diém tuong duong, 1 giot thita dung dich natri nitrit sé phan tng véi chi
thi tropeolin 00 lam cho dung dich dinh lugng c6 mau vang.

Cach dung chi thi mau tropeolin 00: cho 4 giot chi thi mau vao binh dinh
lugng, nhé dung dich natri nitrit 0,1M véi t6c do 2ml trong 1 phit. Khi mau do
chuyén sang mau nhat réi mat mau thi tdc dé nhd natri nitrit cham lai (1 giot
trong 1 phit), d&n khi xuét hién mau vang nhat bén viing trong 2 — 3 phrt thi két
thuc dinh lugng.

C6 thé dung hén hop tropeolin 00 (4 giot) va xanh methylen (2 giot) thay cho
tropeolin 00, chuyén tif mau tim thanh xanh da trdi.
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3.3.5. Ung dung dinh luong bing phép do nitrit

— Xéc dinh cac ch& pham ¢é chita nhém amin thom bac nhit nhu procain, cac
sulfamid hodc nhiing ché pham khac ma qua bién déi hoa hoc chuyén duge thanh
hop chéit ¢6 nhém amin thom béac nhét,

3.4. Phép do crom
3.4.1. Nguyén tdc
Trong méi trudng acid, cn bing oxy hoa — khit duge vidt:

Cr,0%” + 14H" + 6" — 2Cr* + 7H,0
d\io'ng h.fdng = % E(] (Cr2072_f‘ 2CI'3+) = +1,35V 6 pH:O

Kha néng oxy ho4 ctia bicromat yéu hon permanganat (E, = +1,51V & pH = 0).

Bicromat 14 mot chat chuan va cé thé pha ché& dung dich ¢6 @6 chuin chinh xac
béng cach can don gian. Phan ting ciing c6 thé dude thuc hién trong méi trudng
HCl ¢6 pH = 1-2 vi cac ion Cl khéng gdy r6i phan tng va cac chat hitu co c6 trong
nudc khéng khi bicromat.

Dung dich chudn d§ duge bao quan t6t ngay ca dudi anh sang. Ngugc lai, ¢6
moét khuyét diém 12 khé ghi nhan duge diém tuong duong do su thay déi mau cia

mudl crom: CrQOt?_ ¢0 mau vang hoi ddm trong dung dich lodng thanh Cr*" mau
xanh luc. Chi thi can thiét st dung la diphénylamin p-sulfonat {khéng mau ¢
dang bi khit va tim nhat & dang bi oxy hoa) hodc dimethyl furoine.

3.4.2. Dung dich chuén siz dung trong phép do crom

Kali bicromat (K,Cr,0-) phéi duge sdy khd trude & 120°C —130°C va nghién
nhé r6i hoa tan trong nuée (c6 thé ding nude Am). Dung dich 0,1N cia chat nay
rit bén va c¢6 thé bao quan vo han.

3.4.3. Ung dung dinh lugng bing phép do crom

3.4.3.1. Binh lugng cdc hop chdt vé cd

) Dinh lugng muéi sit (I) hay muéi sit (I1T) bing may chuin dé thé hay
bang chi thi mau sau khi khii trong méi trudng acid phosphoric pha loang.

b) Dinh luong gidn tiép mudi chi hay mudi baryum

Trong méi trudng acid acetic, cac ion nhu Pb*" va Ba®" tia hoan toan vdi su
hién dién ciia mét lugng thita ion bicromat. Viéc dinh lugng duge thuc hién theo 2
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k¥ thuat khac nhau:

* Hodc 1a sau khi tach taa, lugng thira ion bicromat duge dinh Iugng bing
phép do iod. (Mt lugng KI thiia duge thém vio va iod phéng thich duge chuin do
bing thiosulfat natri).

» Hodc la thu lai tda, dem cdn va riia bang acetat ammonium dé loai lugng
bicromat thita. K& d6 tia duge hoa tan lai trong acid hydrocloric 5N va cac ion
bicromat gin vdi chi hay baryum dugc dinh lugng bing dung dich chufn d6 mudi
sat 1. |

3.4.3.2. Dinh luong cdc hop chét hitu co

Dinh lugng c6n EtOH: ¢dn ethanol tinh khiét duge oxy hoa béi bicromat trong
moi trudng acid thich hgp dé&n khi tao thanh acid acetic:

CH; - CH,0OH + 0, —» CH,COOH
Su oxy hoa dude thyc hién theo 2 ky thuat khac nhau:
* Phudng phap NICLOUX: Oxy hod con trong méi trudng sulfuric véi su hién
dién cia lugng bicromat thita ¢ 45°C. K& d6, lugng thita bicromat duge khit bing

lugng mudi sat (IT) thiia rdi chuin d6 mudi st (II) thita bing permanganat. Song
song thuc hién mét miu tring.

* Phudng phap CORDEBARD: Oxy hoa c¢on trong méi trudng nitric manh ¢ nhiét
d% lanh v6i1 sy hign dién ciia lugng bicromat thita. Sau mét thdi gian phan tng 4o
khoang 30 phut, su oxy hoa sé hoan toan va lugng thita bicromat dude dinh lugng
bang phép do iod véi sy pha lodng kha lén cta dung dich. Song song thuc hién mét
mau trz’ing.

Phuong phéap nay duge dung dé dinh lugng céc acid c6 chitc aleol nhu 1a acid
lactic.

3.5. Phép do cert
3.5.1. Nguyén tdc
Trong méi trudng acid, can bang oxy hoa - khit duge viét:
Ce™ + 14H + 1e” - (Ce**
dudng lugng = M, E, =-1,33V & pH= 0.

Thé chuin biéu kién clia hé théng Ce**/Ce™ thay déi theo ban chit ciia acid

dudgc st dung dé acid hoa méi trudng va néng d6 ciia noé.

Thé thip nhét duge quan sat trong méi trudng acid hydroclohydric va eao nhit
trong mdoi truong acid percloric.
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Trong méi trudng nitric, gia tri ctia thé giam nhe khi dé chuén cua acid di ti
1IN dén 8N.

Ngudgc lai, trong méi trudng percloric thé nay ting theo néng d6 ctia acid.

Cac thay d8i nay ¢é dude do sy tao thanh phic trong méi trudng khao sat.

— That vay, trong méi trudng sulfuric thi Ce* hoan toan & dang phic
tetrasulfatoacetic {Ce(S0,),JH,. Két qua 1a khi ting ndéng d6 acid sulfuric it anh
hudng dén thé oxy hoa — khii vi khéng tao phic khac véi phiic trude.

— Nguge lai, trong mél trudng percloric thi tao thanh phic
[Ce(OH),]%" [Ce(OH)]**, [OH-Ce-O—Ce-OH]*, [Ce-O—Ce—0OH]** ma ndng db tudng
ing lién quan véi ndéng 46 cha acid percloric. K&t qua 1a thé oxy hoa — khit gia tang
theo néng dd acid tang.

— Trong mdi trudng acid yéu hay trung tinh: Ce" ttia khi tao Ce(OH), va cac

tinh chat oxy hoa cua ching bién mat.

Badng 8.4. Thé chuan bidu kign cia hé thong Ce**iCe®*do dugc trong cac acid khac nhau

Thé& chudn biéu kign (volt)
Nong d6 acid (N) | acig percloric acid nitric acid sulfuric acid
hydrocloric
1 1,70 1,61 1,44 1,28
2 1,71 1,62 1,44 -
4 1,75 1,61 1,43 -
6 1,82 - - -
B 1,87 1,56 1,42 -

3.5.2. Dung dich chuén si dung trong phép do ceri

Céac dung dich muéi ceri thuong duge st dung cta cac mudi:

Ceri sulfat khan Ce(S0,),;

Ceri ammoni sulfat (NH,),Ce(80,),.2H,0;

Ceri ammoni nitrat (NH,),Ce(NQ,),.

Thu!émé thuong, cac dung dich chuin d3 0,1N dude diéu ché trong méi trudng
sulfuric (1-3M) hodc trong méi trudng percloric. Dung dich sulfuric cia muéi ceri
c6 thé duge bdo quan trong 1 nam. Cac dung dich percloric ctia mudi ceri chi ¢é thé
git trong mot gio.

Céc dung dich dung chudn d6 lai dung dich ceri hay dude st dung: dung dich
permanganat hay bicromat, muéi sat II, anhydric arsen.
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3.5.3. lfng dung dinh luong bang phép do ceri

3.5.3.1. Dinh lugng cdc hop chédt vé co: muébt sit (I1), peroxyd, nitrit (nhu phép
do permanganat).

3.5.3.2. Dinh lugng cdc hop chdt hitu co: cac acid 6 nhiét d6 néng hoic lanh
(acid lactic, acid pyruvic), alcol, aldehyd, polyalcol. Vi sit oxy hoa xay ra thudng
cham nén phai st dung phuong thitc chuin ¢ ngude nhu sau: cho mét luong thita
ion ceric vao dung dich can dinh lugng, sau mdt thdi gian phan tng thich hgp thi
dinh Iugng ion ceric thita bing muéi sat (I1).

TU KHOA

Phan {ng oxy hoa - khu Phép do permanganat Phép do nitrit

Hé théng oxy hoa — khu Phép do iod Phép do cromat
Thé& dién cuc Karl — Fischer Thé oxy hoa — khii
Hé théng oxy hoa —khii ~ Chu#n db oxy hoa ~khii  Thé chuin
Phuong phap oxy hoa —khu Chuin d6 oxy hoa — khii

Thé oxy hoa — khi Phép do permanganat

Thé oxy hoa — khit biéu kisn Phép do iod

Hang s6 c4n bang Phép do nitrit

CAU HOI LUONG GIA

1. Phén Ging oxy hoa —kht1 1a gi? Su khac nhau gifia phan tng oxy hoa -kh va
phan Uing acid — base?

2. Thé oxy hoa — khi1? Thé biéu kién? Cac anh hudng cia pH, su tao phic, su
tao tlia dén thé biéu kién?

3. Cach tinh thé& & diém tuong duong?

4. Phuong phap chuén db oxy hoa -khu?

5. Ung dung phudng phap chuin d6 oxy hoa ~khu trong nganh Dugc?

CAU HOI TRAC NGHIEM

1. Phan ting oxy hoa — kh 14 phan ng tudng ting véi sit trao déi electron giita
hai hgp chét: mét chit cho electron- goi 1a chat..A.. vi mét chidt nhan
electron —go1 la chat....B.....
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a. (A) = khu va (B) = oxy hoa d. (A) = oxy hoa va (B) = khu
b. (A) = acid va (B) = base e. (A) = base va (B) = acid
c. (A) = acid lién hgp va (B) = base lién hgp
2. Chat khit va chét oxy hoa cé thé 1a hai chit....(A).... [phan ting hoa hoc] ho#c
12 mét chat...(B).. vd mét...(C).... ma th& duge chon thich hgp [phan tng
dién hoa].
a. (A) = trung tinh; (B) = acid; (C) = base
b. (A) = hoa hoc; (B) = oxy hoa: (C) = khu
c. (A) = hoa hoc; (B) = hoa hoc; (C) = dién cuc
d. (A) = ludng tinh; (B) = ho4 hoc; (C) = dién cuc
e. (A) = hoa hoc; (B) =khu; (C) = dién cuc
3. Phan tng oxy hea — khit 14 phan ung trao déi ....... ti chdt tham gia nay
sang chat tham gia kia.

a. H" c. cation e. electron

b. OH d. ion

4. Phan tng oxy hoa — khit tlic 14 qua trinh cho nhan... (A)... thudng xay
ra...(B)...va doi hoi ting nhiét d6, thém xic tac.

a. (A) = electron va (B) = nhanh d. (A} = proton va (B) = nhanh
b. (A) = proton va (B) = cham e. (A) = 1on va (B) = cham
¢. (A) = electron va (B) = cham
5. Néu dung dich dudge pha lodng diy d thi.......... va néng do cé thé dude dung
lan 16n.
a. duong lugng c¢. dung dich dém e. dung dich géc
b. chat dién ly d. hoat dé

6. Theo quy udc, thé E, clia hydro bang...... volt va thé ca nhiing hé théng
khac duge xéc dinh theo ty 18 ctia thé clia dién cuc nay :
a. 0,00 c. £ 1,00 e. khéng ciu nao diung.
b. 1,00 d. + 10,0
7. M6t kim loai c¢6 thé cho nhiing ion tuong ting v6i nhiéu hoa tri. Ion ¢é dién
tich duong 16n nhat tuong ing vdi dang... (A)... Ion ¢6 dién tich dudng nhd nhat
tuong dng vot dang... (B)

a.(A) = khu va (B) = oxy hoa d. (A) = base va (B) = acid
b. (A) = oxy hoa va (B) = khu e. (A) = phén ly va (B) = khéng phén ly
c. (A) = acid va (B) = base
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8. Néu nhiing néng d6 & dang oxy hoa va dang khit biing nhau, thé dugc gii
trong dién cuc = E, va E, dudc goi 14...(A)... chia hé thong.

a. thé biéu kién c. thé chuin e. diém két thc
b. th& can bang d. diém tuong ducng
9. Thé biéu kién anh hudng boi:
a. pH ¢. sd tao thanh két tia e. chi a va ¢ dung
b. su tao phiic d. ca ba cdu tra lai trén

10. Thuéc thii KF chi yéu gom thanh phan

a. MeOH c. CeH; N e. SO, + I+ CgHs N
b. SO, d. iod
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Chuong 9
PHUONG PHAP KET TUA

NOI DUNG

1. LY THUYET VE SU KET TUA

Phan ting két tia 1a phéan tng tao thanh chét rdn tit cac chét tan trong dung
dich. Trong qué trinh phén tich dinh tinh, dinh lugng ta thudng phai st dung dén
phan ting két tha dé tach riéng cac ion phan tich khdi cac ion khéc.

1.1. Tich sé tan - y nghia trong phén tich
1.1.1. Biéu thic tich sé'tan

Khi hoa tan mét chat nao dé trong nuée, thi hai qua trinh ngude chiéu nhau sé
xay ra cung mot lic. - ‘

Khi dung dich cta chit nao d6 chua bdo hda, thi qua trinh hoa tan nhiing
lugng méi caa chit d6 sé 16n hon qua trinh két tta né tit dung dich.

Thi du: AB hak ian A"+ B
Tia <t Dung dich
AgCl hoa tan Ag"+CI’
Taa “zwa ~ Dungdich
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Khi dung dich qué béo hoa, ¢6 hién tugng ngude lai — qua trinh tach chét tan
khoi dung dich 16n hon qua trinh héa tan né.

Khi dung dich bao hoa c6 két tia chdt tan ling xudng dudi, trang thai cin
bing déng duge thist 1ap. Trong trudng hop nay tdc dd hoa tan bing téc do két tha.

Khi cén béng duge thiét lap, trong 1 don vi thdi gian ¢6 bao nhiéu ion Ag” va
Cl” chuyén thanh két tha, ciing ¢6 bay nhiéu ion d6 chuyén tit bé mat két tua vao
dung dich.

Theo dinh luat tac dung khéi lugng khi can bing duge thiét 1ap, trong dung

dich nuge bo hoa tacs: Ky = [Ag[ﬁgxgl?l}

Trong cac hé déng thé, sy va cham giita cAc phan tii cd ban xay ra trong toan
b vat thé ctia chat. Trong céc hé di thé, su va cham giita cac phan tit ¢ ban caa
chit tan va chat rén chi xdy ra trén bé mit phan chia cac tuéng va khong phu
thuge vao lugng cha chét rén, néng d6 cta né khong d8i va khéng dnh hudng dén
t6c d6 cta phan tng. Do d6 c6 thé viét:

[Ag" ]x[CI" ] = Kygen x [AgCl] = hing s6

Tich 6 néng dé cac ion ctua chit dién ly it tan trong dung dich nude bao hoa
goi 14 tich s0 tan va duge ky hiéu blng chit T cling véi eéng thite hoa hoc ctia chét
dién ly d6.

Thidu: [Ag" Ix[C1 ] = Tauq
AT | =1, | < Hingss
A_B

m=n
n
Pung hon =|: n+ | [ m-} . n
g TAmBn A x| B ! TAmBn aAn+ XaBm_
a?m, a%m. :hoat &6 cta ion A™, B™

Y nghia trong phan tich

Theo dinh luat tac dung khéi lugng khi thiét 1ap cdn bing trong dung dich
nudc bdo hoa cia chét dién ly it tan & nhiét d6 va ap sufit nhat dinh, tich s6 néng
d6 ion (T) 12 dai lugng khong d6i va duge biéu dién bing céng thite chung:

Tampn = hing s8 (const) = [A]™x [B]"
hé s6' m, n chi s6 ion tuong tng tao thanh khi phén ly 1 phén ti.

- Néu tich s6 [A]™ x [B]" > Tanp, thi hop chét it tan tach ra & dang két tha
(mudn c6 két tia).
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— Néu tich s6 [A]™ x [B]" < Tgpp, két ta khong tach ra ma bi hoa tan (muén
ké&t tia tan dudge).

Quy luat nay 1a co sd 1y thuyét quan trong lam cd s clia 1 thuyét tao thanh
k&t tua. N6 c6 § nghia trong phan tich 13 biét T cfia 1 chét ta c6 thé suy ra didu
kién dé c6 két ta hay hoa tan tia.

Thém bat ky ion tao thanh hgp chit A, B, déu lam gidm dé tan, thém céc chat
dién ly khac khéng c6 ion chung véi hgp chat A, B, 1am ting d6 tan.
1.2. D6 tan (S)

1.2.1. D¢ tan trong nuéc nguyén chit

Dé dac trung cho tinh tan cta két tua, ngoai T, ngudi ta con dung dé tan S. D6
tan S va T lién quan mat thiét v6i nhau, bigt T c¢6 thé tinh duge do tan va ngude
lai. D tan tinh theo mol/, g/l.

— D0l véi chat dién ly it tan dang AB (cing ho4 tri), thi du AgCl, BaSO,
ABS AT+ B
Sap =[A*1=[B"]= Tap
Tas =[A" |x[B7]

Thi dy: Tinh 46 tan clia BaSO,, biét Tp,g0, =99x107"

SBas0, = y'TBaso, =v99x107" = 107% (mol/l)

- D6 véi chdt dién ly it tan dang A, B, (khong cung hoa tri), thi du Ag,CrO,
A_B, 5 mA™ + nB™

S =m+n TAmB“
m™n"

Thi du: Tinh d9 tan ctaa Cas(PO,), ¢ 20 — 25°C trong nude nguyén chat, biét

=33
TCE.R(PO,I )2 = 3,16 X ]_O

Cay(POy, S 3Ca® + 2P0O%"

=1,24%107" (mol/1)

g 32 [3.16x10°%3 5\/3,16x10“33
3% x 22 108

Tinh d6 tan ciia AgyCrOy, biét Ta, c,0, =2x10712
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Ag,CrO, 5 2Ag" + CrO;2

—192 -12
g=1+2[2x107 " 3/2x10 =0,79x107% (mol/1)
1! x 22 4

1.2.2. D¢ tan chdt di¢n ly trong nuéc khi ké tdi hé 86 hoat dé
D61 vé6i chit dién ly dang AB

Tap = 8, Xap :[Aqu* x[B‘]fB_ =82 2

=85= 'I:_ch Z%JTAB
Thi dy: Tinh d6 tan cha SrCrO, bing g/l & 25°C (tinh téi hé s6 hoat d9).
Bigt Tg,cr0, =3,6x107° £, = 0,57

Ss:cr0, =y Tsrcro, = V3.6x107° =6x107° (mol/1)

Déira: 6.107° x 203,61 = 1,22 (/1)
Khi ké t6i hé 6 hoat d6

Ssrero, =

ik V3,6x107% ~1,05x1072 (M/1)

Doi ra: 1,05.107%.203,61 = 2,14 (g/])
1.2.3. D¢ tan cia hydroxyd kim logi trong nuée
Céch tinh theo phudng phap hé théng.

Pé xac dinh 46 tan cta hydroxyd kim loai, ta xét hai cin bing cha
phuong trinh.

Thi dy, d6i véi hydroxyd kim loai hod tri 2 (M2"):
M(OH)2 (rén) = M2+ + ZOH_
2H,0 5 H,0" + OH~

Heé théng nay c6 thé vist:

[M¥*][OH P =T (9.1)

[H;0°) [OH]= Ky o 9.2)
Phui hgp v6i di€u kién clia can bing trung héa dién tich:

2[M*'] + [H;0"] = [OH'] 9.3)
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Néu nhu hydroxyd d tan, néng d¢ ion HyO' s& nhé va phudng trinh dude
rit gon:

2[M?*] = [OH]
Thay vao phudng trinh (9.1) va sau khi bién d8i sé 1a:
[M#] = (T =g (9.4)

Mat khac, khi d6 tan cua M(OH), qua thap, dai lugng 2[M*'] trd nén nhd hon
[H;0"] va phuong trinh (9.3) lic d6 la:

[H;0"]=[OH ]=1,00. 1077

Thé tré lai vao phucng trinh (9.1) va chuyén d6i cac thanh phin cia
phuong trinh:

[M*]=T/OH J?=T/(1,00.10 % =5 (9.5)

Thi du: Tinh d% tan cua Fe(OH), trong nuée:
Buéc 1: Viét cac phuong trinh phéan ting c¢6 trong ha.

Fe(OH); (4 5 Fe® + 30H"

2H,0 5 H,0"+OH"
Buge 2: Xac dinh cac néng d6 can bing 13 4n s6
S = [Fe®")

Budc 3: Viét cac hdng 8 can biing cho phén iing & budc 1

[Fe™ ] [OH ] =T=2. 1073

[H;0"] [OH] = 1,00. 107"
Budc 4 va 5: Viét phuong trinh bdo toan khéi hugng va phuong trinh cin bing

dién tich
[OH] = 3[Fe] + [H,0"]
Budc 6: Xac dinh 4n s8 va s8 phuong trinh déc lap da e6
Bude 7: Tim céch giam 4n s§ dé dua hé vé mot phuong trinh don gian
3[Fe* ]~ [OH ]
Buéc 8: Gidi phuong trinh & bude 7 tim ra néng d6 cén bing ctia mét 4n s&
[Fe**] (3[Fe*])? = 2.107%°
[Fe™] =[(2.107%%/ 271" = 9 2710712
S =[Fe*]=9,27.10""" (mol/])

206



Budic 9: Kiém tra lai dap s6 da tim, kiém tra cac gia thuyét & bude 7.
Gia thiét rang: [OH] =~ 3{Fe®] =3 x (9,27.10" = 3.1071°

~14
Tit day c6: [HSO*’] = [%] - 3.107

Khéng nén tinh ring [H;0"] nhd hon 3[Fe*] nhiéu ma trong trudng hgp nay
ta theo doi hién tugng nguge lai: 3[Fe®*] << [H,0"]  [H,0"] =[OH]

Va phudng trinh trung hoa dién tich duge vidt nhit sau:

[H,0'1=[0OH]=1,00. 1077

X S ) 3 2.107% _18
Dit [OH ] vao biéu thite tich s6 tan cé: [Fe J =——————=2.10"7"°(mo¥/1)

(1,00.1077y
3[Fe®] << [OH ] hoc 3 x 2. 10 ¥<< 107V
S =2.10 ® (mol/)
Gia thuyét 3{Fe’"] << [H;0'] 11 ding. Piéu nay khing dinh thém ring trong
cach tinh dau khi gia thigt khong ding da cé sai s6 16n.

Céac thi du trén chiing minh ring d6 tan clia cac hydroxyd kim loai dudge tinh
tuong ty nhu d6 tan cda cac hgp chit mang tinh kiém y&u; cac tinh toan nay cé thé
khang dinh dé chon 1 trong 2 két qua gan ding. Nhu vay tén tai khoang gia tri
tich 58 tan nén khéng 14y mét két qua ngay tit cac gia tri gan ding ma tiép tuc giai
theo cac phudng trinh (9.1), (9.2), (9.3) tuong ting véi ca ba trudng hop thay déi.

1.3. Cac yéu t6 dnh hudéng dén dé tan chat dién ly it tan
1.3.1. Anh hudng ciia ion cang tén lén dé tan cua chdt dién ly it tan

Khi thém du thude thit két tia, dé tan clia két tha gidm xudng va phu thude
vao lugng du etia ion thém vao déng dang v6i mét trong cac ion tao thanh két tua.
Thi du: |

- Tinh d6 tan cia AgCl trong dung dich NaCl 0,1M. Biét Trgc1 = 1,{17.10_10
[A+:| x |:B_] = TAB = 1,7 x 10_10

i

S=[A"]-JAB
[B7] du
+] L7x1071° 9
SAgC] =[A i|=—10—_1'—'—:1,7){]_0 (molfl)
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Trong nuéc nguyén chit

Sagc1 = VL7x1071% =1,3%1075 (mol /1)

b6 tan AgCl trong dung dich NaCl 0,1M so véi dd tan trong nudc giam di
1,3x107°

- =7647 lan.
1,7x10°

Nhu vay, thém ion clng tén giy anh hudng l6n d&n d6 tan cua chat dién ly it
tan va 6 kha nang lam cho sy két tha tudng rén hoan toan hon.

1.8.2. Anh hudng ctia ion la (ion khéng cung tén) lén d¢ tan cua chdt
dién ly it tan (hiéu ung muéi)

Néu cho vao dung dich bao hoa clia mét chat dién ly it tan bat ky mdt mudl
nao d6 khoéng ¢6 1on chung vé1 nd thi lyc tuong tac gita cic ion tang lén, do dé hé
s& hoat d& giam xudng dan dén T cla chit it tan ting 1én so véi dai lugng T cuaa
chat didén ly nay trong nudc tinh khiét. Sit ting T cua chit dién ly trong dung dich
mudi bio hoa ion la gdy ra sy ting d6 tan cta chit dién ly.

Tang @6 tan cua chit dién ly it tan khi c6 cAc muéi tan khac (hidu dng mudi)
duge gy ra do sy giam hé s& hoat d6 gdn lién v8i su tang luc ion cua dung dich vi
thém cac chAt dién ly la vao.

Néi cach khac, khéng phéi chi ¢6 céc chat dién ly ¢6 ion chung méi anh hucng
dén d6 tan cha mudi it tan. D6 tan cila mdt s6 muéi it tan tdng 1én khi ¢6 cac mud
tan khac khong c6 ion chung v6i ching, Nong d6 mudi khéng cé ion chung véi chat
didn ly it tan duge thém vao cang 1dn thi d§ tan ctia né ting 1&n cang nhiéu, vi stic
ton cua dung dich ting lén, do dua cac ion khéac vao, hién tugng nay dude gol 1a
hiéu tGing mudi. Su thém cac chat dién ly khiac nhau gAy anh hudng khac nhau dén
d6 tan cua chédt dién ly it tan vi lyc ion cua dung dich khéng nhiing phu thugc vao
ndng d6 ma con vao do6 lén dién tich cha cac ion.

Thi du: & tan ctia PbSO, tang 1&n khi ¢6 NaNO;, d6 tan cua BaS0,, SrS80,
CaS0, tang lén khi thém KCI1, NaNO,, KNO, v.v... vao dung dich.

Tinh d§ tan cha CaSO, trong nudc va trong dung dich NaCl 0,1M, biét
Teaso, = 6,26.107°

Do tan trong nuée:

8 caso, = V6,26x107° =7,9x107° (mol/])

D6 tan trong dung dich NaCl 0,1M (I = 0,1; f, = 0,33)
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SCaSO4 = —1'—\|'6,26><10_5 = 2,4.10_2

0,33

Do d6 dé tan cia CaSO, trong dung dich NaCl 0,1M ting 1én so véi d6 tan
2,4x1072

trong nude gan 3 1an =
: 7,9x107

1.8.3. Anh hudng ctia néng d¢ ion hydro dén dé tan cia hop chdt it tan

D9 tan cua két tua ¢6 ¥ nghia quan trong trong phan tich dinh lugng, né phu
thuée vao nong do ton hydro trong dung dich. C6 hai trudng hop chu yéu 14 anion
cua két tha la anion clia mét acid y&u va cac hydroxyd ctia cation kim loai.

1.3.3.1. pH méi trudng la acid

Ion hydro ¢6 anh hudng 16n dén dd tan cta cic chit khac nhau. Trong méi
trudng acid, dg tan ctia chat it tan cang 16n néu T cta né cang 16n va [H'] cang 16n.

Thidu: sosanh Tg,c o =1,7x 107
Tsrc,0, = 5,6 x 1078

Teac,0,= 3.8 x 107

4
Toac,0, > Tsec,0, Tcac,0,+ do d6 trong méi trudng acid, BaCy0, tan tst

hon, 5rC,0, tan kém hon, CaC,0, tan kém hon ca. D6 tan cia cdc mudi nay trong
acid HCl 16n hon trong CH;COOH (phén dng tim Ca*: CaC,0,/ CH,COOH |
trang khéng tan).

D6 tan cua chit dién ly da cho trong nuée cang 1én va acid tao thanh mudi do
cang yéu thi d6 tan cla chat dién ly d6 trong acid cang l6n (hing s6 phan ly cua
acid ¢6 tham gia vao thanh phin muéi da cho cang nhé).

Thi du: trong CH;COOH, CaC,0, khéng tan (T = 3,8.107%, K =5,9.10 %

THoCo04

con CaCO; (T=1,710% K = 4,13.1077) tan.

tHyto,
1.3.3.2. D6 tan cua két tia khi anion la anion cua acid yéu
Mudi acid y&u it tan AB (8%, PO;~, C,02", F, C0%)

— Trong dung dich nuée

AB 5 A"+ R

Két tia Dung dich
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Néu thém acid manh vac dung dich nay thi anion B~ sé lién két véi H' tao thanh
acid yéu HB. Khi dé cin béng sé bi pha hily va két tia & bi tan vi [A*]x[B™ ] = Tysp
Mo6i mét anion B ¢6 trong dung dich va lién két thanh phéan ti HB tudng tng véi
cation A", do dé:

[A"] = [HB] + {B]
Thay gi4 tri [A"] tit phuong trinh bidu dién T,p ta duge:

Tas _ 1By B
(B']

[(H"1x[B"]

Tt dinh luit tac dung khéi lugng rit ra [HB] = X
HB

Do d6 Tap =[B P {@ + 1]

Kyug

H) +1
Kup

3 day [H'] = Cyp — [HB] nghia 1a néng d6 ion H™ bing hiéu sé gifia néng do
chung cua acid va phan khdng phén ly cua né.

Trong trudng hgp riéng, khi [H'} = Kyp
SAB = \“IZTAB = 1,41 TAB

Y nghia ctia phuong trinh

D$ tan cua mudi acid yéu it tan (trong 46 ké ca hydroxit vA mudi base) trong
dung dich nuéc ctia acid manh & t” va ap suét cho trude tang 1én so véi db tan cia
né trong nuée tinh khiét. Hon niia dé tan nay cang tang khi T cua chat dién ly it
tan, ndng d6 ion hydro cing cao va hing s6 phan ly cta acid yéu tao thanh mudi
niy cang nho.

- Khi tinh d9 tan cita mudi it tan trong acid ké téi hé s& hoat 8 ngudi ta dung
cong thic:
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Thi du: Tinh d6 tan cia CaCy0, trong dung dich ¢6 pH = 4. Biét T cta
CaCy0,=1,8x 107, HyCy0,c6 K; = 6,5 x 102 va K, = 6 x 1075,
Phuong trinh ctia phan ting:
CaC,0,

It

Ca™ + (,0%"
C,0%" +H* S HC0; (Ky
HC, Oy +H" 5 H,C.0, Ky

+

Ta tinh: +1trude

Kgg
3 day pH =4 = [H'] = 10"
Thay vao phudng trinh ta cé:
+ + +12 —4 -8
EJ+1=(H_+1H 1 +1]_ 0F 10

= +1=
Kyp Ky KoKy 6x107° 6x107°x6,5x1072

=1,66+0,002+1 =266

S0ac,0, = V1,8x107%.2,66 = 6,84.107 (mol/l)
D6 tan tang nhung khéng dang ké so véi d6 tan trong nude nguyén chat
S=y1,8x1077 = 4,25%107® (mol /1)
Khi {H'] = 0,1 M thi két tiia CaC,0, s& tan kha nhiéu. That vay, hic dé:

+ 2
L38O O 3
Kpp 6x107° 6x107°x6,5x10"

S =1,8%107% x4,1x10% =2,7x10°3 (mol /1)

+1=1,6x10°+2,5x10% +1=4,1x108

2,7x107°

I’W =83 lén.

So véi d6 tan trong nudc nguyén chit, do tan ting =

1.3.4. Anh hudng ciia su tao phiic

D4 tan ctia tha c6 thé thay déi khi ¢6 mat céc chat tao thanh phitc v4i anion hay
cation ctia tua. Nhu vay su tao phitc anh hudng dén dé tan cha tia. Néu nhu bist
hang s6 bén ctia phiic c6 thé tinh duge do tan ctia tia khi ¢é tae nhan tao phiic.
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1.3.4.1. Chét tao phic la chit la
Thi du: Tinh d¢ tan cia AgBr trong dung dich NH; 0,1M;
Budec 1: Viét phuong trinh can bing

AgBr 4, s Ag' +Br
Ag’+ NH, S AgNH;
AgNHE +NH; S Ag(NH,)%
NH; + H,0 S NHj + OH~

Bude 2: Xac dinh cac ndng d6 can bing 13 4n s6

Sagnr = [Ag]= [Br ] =[Ag*] + [AgNH; ] + [Ag(NH,); ]
Budc 3: Thay céc hing s6 can bing

[Ag"][Br']=T=52 10" 9.6)

[_%;%-Kl =2.10° 9.7
[Ag(NHS );] =K, =6,9.10° (9.8)

[Aenmg | [NE,]

[NH[;]}E)]H] =K, =1,76.107° 9.9)

Buée 4: Viét phuodng trinh cdn bing dién tich
[Br]=[Ag"]+[AgNH;]+[Ag(NH,)3] (9.10)
Budc 5: Thay ndng dé NH, = 0,1M, ¢6 thé viét:
0,10 = {NH;]=[AgNH} ] + [ Ag(NH,)5 ] + [NH} ] (9.11)

Ngoai ra, trong tac dung clia amoniac véi nudc trén mai mét ion NHj s& duge

tao mét ion OH ', nhu vay:

[OH™] = [NH;] (9.12)
Budc 6: Can bang dién tich

[NH}]+[Ag*1+ [AgNH; ] + [Ag(NHg)5]=[Br ]+ [OH] (9.13)

Budc 7: Loai b6t 4n s6: gia thiét:
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— [NHj ] nh6 hon nhiéu céc s6 hang khac trong phuong trinh (9.11). Diéu nay
thay rd tit phuong trinh phén ly K,

~ Trong dung dich NH; 0,1M ndng 6 16n hon nhiéu [Ag *} nén [Ag(NH,)5] >>
[AgNHJ ] va[Ag "].Tht cac gia thiét trén cé:

[Br] = [Ag(NHy);] (9.14)
[NH,]= 0,10 - 2] Ag(NH, )% ] (9.15)
Budc 8: Tim cac gia tri gin ding ctia 4n s6
[NH,] = 0,10 — 2[Br ] (9.16)
Ag(NH,3);
[ o) | - K, K, =1,38.107 9.17)

(e ivm,?

Dit vao phuong trinh cudi (9.16) va (9.14) cé: [Br]

=1,38.107
[Ag*}0,1-2)[Br 2

Thay [Ag"] tit phuong trinh (9.6)

[Br_] n =1,38.107
(5,2.10"3)![81’] (0,1 - 2[131--])
hay la
g2
[Br ] =7,2.107°

(0.1 - 2[Br—])2
Giai phuong trinh bac hai
[Br'1*+2,88. 10 Br ]1-7,2.10¢=0
T day co:
{(Br1=2,7. 10 (mol/})
S =2,7. 10* AgBr (mol/)
Budc 9: Kiém tra lai thdy réing cdc gid thuy8t trén 1a dung. So véi dd tan
trong nudc nguyén chit, d tan téang 375 lan.
1.3.4.2. Chét tao phitc la ion ciing tén

Nhiéu tha cé thé tac dung véi nhiing ion c6 kha nang tao phic tan,
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Thi dy: AgCl tao phiic clorid ¢6 thanh phan AgCly, AgCl3~ va AgCly”

AgCl(rdn) & Agt  + Cl
Ag'+ CIT 5 AgCl
AgCl+CIT 5 AgClg

AgCl; +CIT 5 AgCl3™

AgCIZ™ +CI's AgC
Khi néng dd cac ion ciing tén tang trong nhiing phan ing nay lam tang dg tan
cua taa. Trén hinh 9.1 khao sat su phu thude do tan tim thay qua thuc nghiém cua
AgCl theo logarit néng d6 KCI trong dung dich. Khi néng d6 C1” nhé hon 10°M gia

tri d6 tan tim thiy qua thuc nghiém hau nhu khéng khace so véi tinh toan theo tich
s6 tan cua AgCl.

Khi ndng dé Cl” tang cao, d6 tan tinh dugc tién t6i gan bing 0, trong lic nay
cac dai lugng do dude ting 1én dot ngot.
Khi néng d6 KCl gin bang 0,3M, 46 tan cta AgCl giéng nhu ¢ trong nudc

nguyén chit, néu trong dung dich 1M, d6 tan AgCl gin nhu gip 8 lan 16n hon dai
lugng nay.

Dé tan AgCl, M 10°

Hinh 9.1. Po tan cla AgCl trong dung dich KCl
1. Budng cong tinh theo tich s tan; 2. Budng cong qua thue nghiém nhan dudc.

Khong it trudng hop su tang dd tan khi cho lugng thua ion cing tén, dic biét
14 trudng hop cac hydroxyd tudng tinh nhu AKOH), va Zn(OH),. Cac chat nay dugce
tao thanh & dang tiia it tan khi cho kiém tac dung véi cac ion tan trong dung dich.
Cac hydroxyd nay tan trong luong thiia ion OH™ tao thanh phic hydroxo — nhém -
kém. D&i véi nhém phudng trinh ¢4 thé viét nhu sau:
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A+ 30H" s Al(OH); 4,
AOH), 4, + OH 5  AlOH),"

Giéng nhu trusng hop cta AgCl, d6 tan caa AI(OH), va Zn(OH), sau khi dat
t61 thiéu, & tang dét ngdt khi ndng d6 cha ion cung tén ting. Néng dd ion OH~
tuong quan véi dg tan t6i thidu, cé thé tinh toan khi biét hing s6 can bing cua
phan tng.

Thi du: V&i nong d9 nao cia OH thi d6 tan cia Zn(OH), dat t&i thidu? Hay
tinh d6 tan t8i thidu?
Phuong trinh can bang:
Zn(OH), 4, 5 Zn®>" + 20H"
Zn(OH)y 4y + 20H 5 Zn(OH)2

Biéu thi d6 tan cfia Zn(OH), 1a S, khi dé:

S = [Zn] + [Zn(OH)?"] (9.18)
Hing s& can bing:
T={Zn*] [OH?=1,2. 1077 (9.19)
|zn(OH); |
K=t 2 d-013 (9.20)
[OH-] |
Thay phudng trinh (9.19) va (9.20) vao phuong trinh (9.18)
T 2
§= — =+ K[OH ] (9.21)

[owr]
DE c6 46 tan t61 thidu, ta 14y vi phan phudng trinh (9.21) va cdn bing dao ham
theo [OH™) tién t&i O

ds 3 2T i}
d:OH_] T [OH‘]S ' 2K[OH ]
Néu _9s 9
d_OH—]
Thi [—O?{E—-@ - 2K[OH‘]

1

] sl
OH |- [2]4 S[22A0TH g5 10
2K 0,13 T
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D6 tan téi thidu S tinh duge khi thay néng d6 OH™ vao phudng trinh (9.21)

1,2 10717 -512 -9
Sesi thiga =~ + 0.13{9,8.107°) =2,5.10
(9.8.107%)
a2 2T

E[O—H—_] - —m+2K[OH‘]

1.3.5. Anh huéng ciia nhiét dé dén dé tan

Tich s6 tan chi 1a hing s6 ¢ mét nhiét dé nhat dinh. Nhiét do thay déi thi do
tan ciing thay déi. Su thay d8i clia dd tan theo nhiét dd c6 lién quan téi hiéu tng
nhiét khi héa tan.

Déi véi chdt thu nhiét, khi hoa tan, tic 1a nhiét d6 giam khi tan, thi d6 tan sé
tang cung véi nhiét dé,

Vidu: Pbl, tan rat nhiéu khi dun néng, khi 1lam ngudi dung dich méi dun néng
thi Pbl, két tinh lai, vay nhé vang sang rat dic trung.

D5 tan AgCl ¢ 100°C 16n g&p 25 14n dé tan ctia né & 10°C.

Doi véi chat téa nhiét khi hoa tan thi db tan sé gidm khi nhiét do ting.

Vi du: CaS80,2H,0 ¢6 46 tan thay déi rit it khi nhiét 46 bién thién
0°C - 60°C. O 60°C phan ti CaSO,2H,0 mé&t bét nuse két tinh thanh
CaS80,.0,5H,0, CaSO, ¢6 d6 tan gidm rd rét khi ting nhiét do, D6 tan cta né &
60°C 16n g&p 3 14n 46 tan & 100°C.

1.4. Ung dung trong phin tich

Can bing két tiia hoa tan duge ing dung nhiéu trong phén tich dinh tinh va
dinh lugng.

1.4.1. Héa tan két tia

Chat két tiia A, B, trong dung dich: A _B, S mA + nB

D¢ hoa tan két tia nay cdn gidm néng a6 ca A hogc B hosc ca hai ion dé can
bing chuyén dich sang phai. C6 nhiéu cach lam gidm néng dd A hoac B:

~ Ding phéan dng hoa hoc tao chat it phan ly hodc chat bay hdi.

— Neéu két taa c6 tich s6 tan qua nho c6 thé dung phan ting oxy hoa — khii dé
lam giam nhiéu néng 46 ion A hoic B.
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— Cé thé hoa tan bing céch chuyén tda khé tan thanh tda da tan. Vi du
chuyén tia CaSO, thanh CaCo:;.

1.4.2. Két tita hoan todn
Musén két tia hoan todn mdt chét tit dung dich céc két tia tach ra phai cé do
tan du nho. Vi vay, cén phai tao moi diéu kién dé gidm dé tan ctia két tda nhu:

— Cho thudc thit du d€ lam gidm 46 tan nhung hiu ¥ khéng cho du qua nhidu

va xem co sy tao phic véi ion cing tén khéng.

— Chon pH thich hgp.

~ Tranh cac phan Gng phu cla ion két tha trong dung dich (phén tng tao
phiic, phan Ung oxy hoa, ...).

1.4.3. Két tiia phédn doan

Trong dung dich néu c6 nhiéu chit (néng dé gan bing nhau) cing tao két ttia
khi ta thém dan mot thude thit vao. Chit nao ¢6 T nhd s6 két tia trude, chit cé T
I6n han s& két taa sau. D6 12 hién tugng két tia phén doan.

Thi du: Trong dung dich ¢6 ion CI” va I” véi ndng d6 ~ 10°2 mol/l. Thém din
dung dich AgNO; vao. Vi Ty, = 107° nhd hon Taeq = 1,8 x 107, nén tich s6 ion
Ag" va T vugt Ta, nén ta c6 tha Agl trude. Khi két tia Agl tiép tuc tao thanh
thi [['] sé giam dan, con [Ag’] ting dan va tha AgCl bit ddu xudt hién lic
[Ag"][CY] > Tayer.

Vay dung dich b&o hoa chua ¢6 tia AgCl khi [Ag*] = Tage/[CI] = 1,8 x 107,

$ thdi diém 46 néng d6 [I7] trong dung dich:

] =Ty /[Ag1=1x107'%1,8 x 107%= 0,55 x 107°

Nhu vay, cho AgNO; vao dung dich nay két tua duge hoan toan I” dusi dang
Agl, ion Cl” van con hoa tan. Pa tach duge ion I” khéi hén hop.

Nguyén tic két tia phan doan 1a dung mét lugng thude thit thich hgp dé vita
di két tua ion ¢6 T nhé hon nhung chua di dé két tiia ion ¢6 T 16n hon. Trong thuc
hanh phén tich, 6 mdt s8 trudng hop tach cac ion dudi dang két tia, ngoai yéu té

khac nhau vé do tan dut 16n, ngudi ta con van dung thém cac y&u t6 khac nhu pH,
sit tao phitc... dé qua trinh tach dude hoan toan.
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2. PINH LUGNG BANG PHUONG PHAP KET TUA

2.1. Nguyén tic chung

La phueng phap dinh lugng dya trén viéc diing phan iing két tda (tao thanh
hgp chat it tan) gitta thude thit va chit can dinh lugng.

Phudng phap két tia cho phép ta dinh lugng céc anion nhu CI°, Br, CN,
SCN7, S0O%-, CrO7, POZ_ v.v... va ngudc lai dinh lugng céc cation tao thanh taa
vdi cac anion trén.

Thi du: Ag" + CI” - AgCl.

2.2, Phan loai

Ngudi ta phan loai phudng phap két tia nhu sau

— Phuong phdp bac: dua trén viéc dung dung dich chuin la AgNQs;, dua trén
kha nang tao thanh muéi bac.

= Phuong phdp thuy ngén I: dya trén viée dimg dung dich chudn musi thuy
ngén (I), tao thanh hdp chit thuy ngan I khéng tan nhu Hg,Cl,, Hg,Br, Hgyl, .

— Phuong phdp thuy ngan II: dya trén viéc ding dung dich chuin mudi thuy
ngan (lI) tao thanh hgp chdt thuy ngin II kém phéan ly: HgCl, Hg(CN),,
Hg(SCN),...

Tuy nhién cac phuong phap thuy ngéin (I), (I) ¢6 nhuge diém 13 muéi thuy
ngén rat déc nén it st dung.

2.3. Yéu cau déi véi phan Gng trong phuong phap két tha

Khong phai tit ca cac phdn ting két tha déu ¢6 thé ding dé xac dinh dinh
lugng. Cac yéu cau cd ban d61 véi cac phan ting duge dung trong phuong phap két
tua la:

— Phan tng gitta chit cAn xac dinh (A) va dung dich chudn cla thuée thit B
cdn phai xay ra véi diéu kién tao thanh két tha c6 d6 tan S, p t8i thidu, va trong
moi trudng hgp khong duge vugt qua 49 tan cho phép 10 °mol/l. Phitc tao thanh
phai c6 hang 58 khong bén nhd nhat, hing s§ niy biéu thi mic d6 bén ciia phiic.

— Vi thém cac chat dién ly khong c6 ion chung d6i véi két tha A B, lam tang
dd tan ctia né nén phan dng cin tién hanh § diéu kién khi chat la ¢6 mat trong

dung dich phén tich khéng can trd sy chuin d6 chit can xac dinh, phan ting két
tia két thic nhanh va thuc té dén tan ciing.
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2.4. Phuong phap bac
2.4.1. Pdc diém ciia phuong phdp
Phén tich chudn d¢ dya trén vidc dang chat két tia 1a dung dich chuin Ag*
(AgNO,).
Ag"+ An~ - AgAni
Phuong phap bac dung chi1 yéu dé xac dinh ion halogenid va Ag".
2.4.2. Pudng biéu dién dinh luong
Thi du: dinh lugng dung dich NaCl 0,1 N bing AgNO, 0,1N.
Trude khi thém AgNO; vao dung dich NaCl 0,1N phan ly hoan toan thanh ion,
nong dg cua Cl” trong dung dich bing néng d6 chung cia NaCl.
[CI'}] = C (néng d& NaCl) 0,1N = 107!
pCl=-1g[Cl'] =-1g107! =1
pK, = -1gK
pH = -lg[H"]
pCl: chi s6 néng dé gidng nhu chi s§ phan 1y acid.
— Khi thém 90% AgNO, 0,1N thi con 10% Cl” khong két tia

[01—]=%x0,1=10—2
pCl=2

Nl Tagel _1,7x1070
[C17] 1072

— Khi thém 99% AgNOQO, 0,1N tudng tu nhu vay ta co:

=1,7.1078

[C17]=103, [C1"]=——x0,1=10""
100
pCl=3
— Khi thém 99,9% AgNO; tusng tu nhu vay ta cé:
C11=10% (€I ]=2Ly01-10
100
pCl=4
Vi [Ag*][CH ] =Tpge =1,7.10710
pAg+pCl=10-1g1,7=9,77
pAg =5,77
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Bang 9.1. Chuan dé 100 ml dung dich NaCl 0,1N béng dung dich AgNO; 0,1
(khéng ké sif pha loang)

DCung dich
AgNG; thém NaCl con lai (%) [Ci] pCl [Ag’] pAg
vao (%)
0 100 107 1 - -
50 50 5.107 1,3 3410 8,47
90 10 1072 2 1,7. 10°% 7,77
99 1 107 3 1,7. 107 6,77
99,9 0.1 107 4 1,7.10°% 577
100* 0 1,303. 107 s 4.88 1,303. 105 4,885
0,1
1001 1,7.10° 577 107 4
AgNO,(dur)
1
101 1,7. 107 8,77 107 3
AgNO,(du)
10
110 1,7. 107 7,77 102 2
AgNO,(du)
* Diém tuong ducng

» Khi thém 100% AgNO, 0,1N, & diém tuong ducng ta c6 dung dich bio hoa
AgCl, [C1'] = [Ag™ ], do dé:

[CIT]=[Ag"] = ¥1,7.10"10 =1,3.107°

pCl = pAg =5-1g1,3= 4,885
» Khi cho thira 0,1% AgNO; 0,1N
(Ag"]=10""
pAg =4, [CI'}=1,7. 10°® (mol/D), pCl = 5,77

[Ang] =IO(—’)—16XO,1 =107*
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~ Khi thira 1% AgNO, 0,1N

[Ag"]1=10"" - pAg =3 [C1" ] =1,7. 1077 — pCl = 6,77
Dudng biéu dién

Budng tuong duang
O
1 NaCl
g [ Diém tuong dudng
ol S
p }
— &}
s L T AgNO
e g_ Budc nhay s
oL
10
11}
12¢
13
14 L,
90 100 110

Thé tich dung dich AgNO,
Hinh 9.2. Pudng cong chuén dbé dung dich NaCl 0,1N bang dung dich AgCI 0,1N

Nhin xét

Puong biéu dién c6 dang chung gidhg cac dudng biéu dién dinh lugng khac,
gin diém tuong dudng c6 budc nhay pCl = 4-5,77, pAg = 5,77-4.

Tri s6 bu6e nhay phu thude vio néng d¢ dung dich cin chudn d6 va dung dich
chudn. Néng d6 cang 1én thi budc nhay cang dai (Néu néng d6 1N bude nhay bit
dau pCl = 3 va két thiic pCl =6,77 dai hon buéc nhay ¢ néng ds 0,1N).

Budc nhay con phu thude vao tich s tan ctia tia. Tich s tan cang nhd buéc
nhay cang dai va ngugc lai. Trong phuong phap két tha dung nhiing phan ting két
tha T < 10719,

Cach chon chi thi mau tudng ty cAc phudng phap trén chi thi cé sy bién déi
mau 6 trong buéde nhay.

2.4.3. Cdc yéu t6 dnh hudng dén duong cong chudn do

— Anh huéng ciia nong d6 dung dich cin chufin dé va dung dich chuin

Dé so sanh, trong bang 9.2 trinh bay cac 8 liéu thé hién su thay déi ciia pCl
khi chudn d¢ 100 ml dung dich NaCl véi néng dé 1N, 0,1N, 0,01N bing cac dung
dich AgNOj; véi ndng dd tucng tu. Cac di liéu nay dudc biéu dién bing &b thi trén
hinh 9.3.
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Badng 9.2. Anh hudng clia ndng dé dung dich cdn chudn dé va dung dich chuan dén su thay

déi cha pCl khi chuan dé 100 ml dung dich NaCl bing dung dich AgNO;

R ND(;‘”Qh‘fiCh | Néng d5 NaCl pCl
9 3(:11[‘;'“ Y391 hay AgNO; (%) 1N 0.1N 0.01N
Trudc diém tuong duong
0 100 0 10 2
50 50 0.3 13 2,3
90 10 1 2 3
99 1 2 3 4
99,9 0,1 3 4 473
Tai diém tuong dudng
100 0 | 4885 4,885 4,885
Sau diém tuong dudng
0.1
100,1 6,77 5,77 5,04
AgNO; (du)
1
101 7,77 6,77 5,77
AgNO; (du)
10
110 8,77 7.77 6,77
AgNO; (du)
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pCl

Budng tuang dudng

Diém tuang duong

X~ DRk WON 2O
L}

Buéc nhay
chudn dd

w

10+
11F
12
13
14

}

90

100
Hinh 9.3. Anh hudng néng dé ¢ha dung dich chuin d (NaCl)

110

va dung dich chuan {AgNO;) d3i v6i su thay dai pCl




Phén tich dudng cong chuin d6 va cac s6 lidu & bang 9.2 c6 thé két luan ring noéng
d dung dich can chuin d6 va dung dich chuin cang lén thi budc nhay chuan do
cang 16n. O néng 46 1N, bude nhay tit 3 - 6,77, vé6i néng d6 0,1N budc nhay ngin
hon tir 4 ~ 5,77 trong khi véi ndng d6 lodng 0,01N, budc nhay khéng cé sy cach biét
4,73 — 5,04.

Tuy nhién cin cht ¥ ring, khi chudn dung dich 0,1N budc nhdy dd 16n, vi vay
khéng nén chuin d6 cac dung dich véi nﬁr;g d¢ 16n hon 0,1N. Sai s6 chuin dé do
viéc do khong chinh xac khi diang cac dung dich c6 néng d6 16n déc biét tang lén
rat nhiéu so véi khi chudn d6 cac dung dich c6 néng dé nhd.

- Anh hudng ciia d6 tan chat két tha

Céac hgp chdt tao thanh trong qua trinh chudn d6 theo phuong phap két tua la
chc chat it tan. Tuy nhién sai s6 gay ra do 46 tan cta ching c6 thé 1am sai 1éch két
qua phén tich, vi vay khéng thé bd qua d6 tan duge. Anh hudng clia dd tan chit
két taa tach ra dén bude nhay chuin dé duge dua ra 6 bang 9.3. Trén cd s3 cac b
liéu clia bang 9.3 ngudi ta xay dung dudng cong chuan ds.

Bang 9.3. Anh hudng cta dé tan chat két tda téch ra dén budc nhay chuan dé khi chuin
100m! dung dich 0,1 N biing AgNO,

pHal
A%‘;,”gstdhigzj Ec‘ing a6 NaHal khi chugn dé
vao (ml) ay AgNO; (%) NaCl NaBr Nal
(Tager= 1,7-107) | (Tae=3,3. 107" | (T, =8,5.10 ™)
B Truée diém tuong duceng
0 100 1 1 1
50 50 13 13 13
90 10 2
99 1 3
| 999 0.1 4
- Tai di€m tuong duong
100 0 4,885 ' 6,211 8,035
Sau diém tuong duong
100,1 0.1 5,77 . 842 12,07
AgNO, (du)
1
101 AGNO, (d) 6,77 9,42 13,07
110 10 7.77 10,42 14,07
AgNO; (du)

~
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— Budng tuong duong

- Diém tong duong
= a chudn dd Nacl
1T
A biém trong duong
= A d chudn dé NaBr
o Buoc nhay — 1 Budng cong chudn dd NaCl
chuan dé - " < ’
- Biém tudng dudng ]

@ chuan d6 Nai

.. 2 Budng cong chudn d6 NaBr

pHal
T
3

...

- N Duting cong chudn dé Nal

}
90 100 110

Hinh 9.4. Anh hudng gi4 trj d6 tan cla chat két ta tach ra dén budc nhay chuian dé

Phan tich dudng cong chuin d6 va cac s6 liéu § bang 9.3, ¢6 thé két luan ring
dd tan ctia hgp chat két tlia cang nhd thi bude nhay chuidn dé cang 16n. Khi chuin
dd dung dich NaHal 0,1N budc nhay chufin dé 1la: NaCl bude nhay (4-5,77 ), NaBr
(4-8,42); Nal (4-12,07 ). Bude nhay chudn d6 trong tit ca cac trudng hop nay la
du 16n.

2.4.4. Hién tuong hdap phu khi chudn dé theo phuong phép bac

- Keo va tinh chat hap phu cua dung dich keo

Keo 14 nhiing tiéu phan ¢6 kich thuée khodng 1077 — 107 cm, ndm trung gian
gitta ion va k&t tita. Dung dich keo 1 trang thai trung gian gifia dung dich that va
hén dich. Trong nhitng diéu kién nhét dinh mét dung dich ¢é thé chuyén tir trang
thal nay sang trang thai khac. Trong thuc té khong ¢6 ranh gidi chit ché giiia ba
trang thai nay.

Dung dich keo ¢é tinh chat:

— N6 1a mdt hé khong déng nhat (khac véi dung dich that la mét hé ddng
nhit). Dung dich keo ¢6 tinh chit dién ly do su xudt hién dién tich trén bé mit
phan chia - su tao thanh 16p dién kép clla ion va gan lién véi ching 1A tinh chit
hap phu.

— Cac hat cua dung dich keo mang dién tich ducng hodc Am. Su tich dién cua
cac hat keo do hdp phu cic anion (tich dién 4m) hay cation (tich dién duong) trén

bé mit cua né. Thi du: cac halogenid bac hap phu Ag” hay ion Hal nhu khi cho
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AgNG; vao dung dich NaCl, két tia AgCl tao thanh & trong mdi trudng du NaCl
nén tua nay sé hip phu uu tién ion Cl” trong dung dich. K&t tia tao ra cac hat
mang dién tich A&m. Nhu vay dién tich clia hat keo dude xac dinh bing dién tich
cua cac ion bi hip phu trén bé mit clla né va phu thude vao didu kién tao thanh
keo. Cac hat keo bao gdém cac phan tit va ion lién két véi ching va cac ion trai diu
trong dung dich tao thanh mixen. Mixen tao thanh tlit cic nhan khéng tan trong
mdi trudng dé va bao boc bang 16p dién kép cac ion. Mot 16p ion dude goi 1a 16p hap
phu nam trén bé mit ciia nhan lam cho né tich dién. Trong thanh phan 16p hap
phu ¢6 mot phan ion trai ddu ma phan chinh ciia né tao thanh 1ép thi hai. Mixen
trung hoa dién (téng dién tich bang khéng).

-- Sy déng tu keo

Céac hat keo tich dién c6 thé bién thanh céc hat 16n bing cach dic biét. Qua
trinh két hgp cac hat keo thanh céac hat 16n hon goi 1a su déng tu keo. Su déng tu
keo c6 thé xay ra bing sy ting nhiét dg, tac dung ca Anh sang, dong dién cao tan,
sifu Am, lac, trén, khudy dung dich...

— Su pepti hoa

Pepti hod 1a qua trinh chuyén dung dich keo da déng tu trd vé trang thai phan
tan ban dau, nguge véi sy déng tu, nghia 1a lic d6 két tia chuyén thanh keo. Hién
tugng nay thuong xay ra khi ngudi ta ria tha keo ddng tu bang nudc. Do giam
néng d6 chat lam déng ty, ria két tia khéng chi loai chdt biAn ma con loai ca chat
dién ly tao nén sy déng tu keo. Cac hat keo trd lai tich dién, ddy nhau phéan tan
trong dung dich, chuyén né thanh hé keo. Nhu vay rita tta dé lam giam tap chat,
nhung déng thoi cé6 thé mat mdt phan két tha.

D& ngin ngita hién tudng nay ngudi ta khéng rita két tia bing nude. ma
thuong ria tia bang dung dich cac chét dién ly bay hdi, cac chit nay cé thé duge
loai khoi két taa bang sdy kho. Thi du riia tia AgCl bing dung dich HNO, lodng,
khi sy khd ¢ 110°C acid nay bay hoi hét.

— Sit hinh thanh dung dich keo cua bac halogenid

Khao sat truong hgp tao dung dich keo AgCL

Khi ta cho tiung giot AgNQO; vao dung dich NaCl, cac hat keo dau tién xuit
hién, do6 1a cac vi tinh thé (AgCl),., bac halogenid rat dé tao dung dich keo, néu
lugng AgNO; cho vao tudng dudng véi hugng NaCl trong dung dich ta sé c¢é taa
tinh thé. Khi trong dung dich ¢6 du ion Cl7, nghia la trude diém tuong dudng khi
chudn dé halogenid bang bac, hodc khi du ion Ag” nghia 1a trude diém tuong duong
khi chudn d8 jon bac bing halogenid thi cAc vi tinh thé ban dau sé hdp phu wu
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tién ching tao ra 16p ion hdp phu mang dién tich (dién tich &m trong trudng hop
du Cl', hodc mang dién tich duong trong trusng hgp du ion bac), con goi 1a 16p so
cap. Lép nay sé hiit cac ion trai ddu trong dung dich dé tao ra 16p ion déi hdp phu,
con goi 16p thit cap, 16p thi cap két hgp véi nhan mixen (téc vi tinh thé dau tién)
1ong léo hon nhiéu so véi 16p so cap. Hai 16p nay tao ra 16p dién kép bao quanh
nhan mixen hinh thanh tiéu phan keo. Cac tiéu phén keo, vi vAy mang dién tich
cling didu nén diy nhau, ngin can su két hgp clia cac tiéu phan keo thanh hat 16n.

Muén céc tiéu phan keo déng tu ciAn lam mat dién tich ctia 16p so cap.

So d6 tiéu phan keo cho 2 trudng hop:

— Khi ¢6 du ion CI”

[ (AgC)),, nCl” (n-x)Na']* .xNa*

nhin (mixen) 16p socap 16p thi cap

— Khi ¢6 du ion Ag*

[ (AgC)),, nAg" (n—x)NO, J**.xNO;
nhan (mixen) 16p s caAp 16p thi cap

3 W L/
—-\\/-—

tiéu phan keo mang dién tich

@.

YPLPOPY
LYOYLDY

&)
&)

Hinh 9.6. Cau tao hat keo AgCl trong dung dich AgNO3

Trén bé mit ctia cac hat keo mang dién tich hap phu cac ion tao két taa it tan
nhit v6i cac ion trong thanh phan cac hat d6. Ngoai ra, ching hap phu cac ion c6
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néng dé cao. Thi du: Khi két tha Agl c6 thé xay ra cdng két Br, CI°, SCN™ va cac
ion khac. Khi chudn db halogenid khéng c6 tap chat la, k&t tda hap phu céac ion
Hal c¢6 trong dung dich, cac hat AgHal tich dién 4m. Trong trudng hdp nao thi
két tia chudn d6 cling sai léch. Vi vy cén phai tuan theo ding didu kién ké&t tia
trong cac phudng phap xac dinh cac chéit.

2.4.5. Cdc cdach xdc dinh diém két thic trong phuong phdp bac

ChAt chi thi duge dung trong phudng phap bac cin khéng d6i mau cho dén khi
toan bd ion cdn xac dinh chuyén thanh két tha (chuyén thanh két tia cta dung
dich cin x4c dinh véi dung dich chuén trudc), chat chi thi tao véi ion ¢lia dung dich
cin chuidn d6 két tha mang mau, c6 d6 tan 16n hon d6 tan chat két tia chinh, chat
chi thi can di nhay déi véi lugng du nhé AgNO,.

Ngudl ta diing chit chi thi cfing nhu khéng ding chét chi thi (so sanh dé duc
v.v...) Ta chi nghién c(tu cac phudng phap dung chi thi. Cé 3 phudng phap:

2.4.5.1. Phuong phdp Mohr —ding K,CrO  lam chi thi

— Nguyén téc

Phuong phap nay dua trén phan ting gitta Ag® va CI” véi chi thi K,CrQ,, &
diém tuong duodng K,CrO, tac dung véi lugng Ag * du tao tia 48 gach.

Ag'+ ClI” — AgCld (9.22)
2Ag" + CrO, — Ag,CrO4 (9.23).
b6 gach

Chi thi dung 14 ion cromat CrOZ%™, né tao tia dd gach Ag,CrO, c6 d6 tan 1én

hon AgHal.
Sag,cr, = 1:9. 10 P M, 8 4,1 =1,3. 10 ° M, 8 44p, =5,7. 10 "M

Khi chua téi diém tudng duong Ag,CrO, chua tao thanh khi chua ¢6 lugng du
ion halogenid nén diéu kién can thiét ctia phép dinh lugng nay 1a Ag* phai két taa
hoan toan véi ClI” dudi dang AgCl trude khi tua do Ag,CrO, dudc tao thanh. Do d6
néng d6 cha chi thi phai bing bao nhiu dé sai s chi thi khéng qué + 0,1% (diém
ké&t thic nam trong pham vi bude nhay). Trong khodng sai s§ chuén d¢ + 0,1%
néng d6 CrO3™ c6 thé thay d6i tit 0,35 M — 1,1.10*M.(Khi C%; = 0,1 M).

O sai 86 chudn d6— 0,1 % [ C1']= 1,0.107* M, suy ra

[Ag 1 =T agar/ [ CT}= 1,7. 107C tix day cor
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[CrOf™] = Tag,cy, /lAg]* = 0,35 M
O sai s8 chudn d6 + 0,1%{Ag"] = 1,0.10 M, suy ra [CrO2 1= 1,1.10 * M
Thuc t& ndng d6 CrO%~ bing 0,01 — 0,005 M.
Theo ly thuyét, Ag,CrO, chi tao thanh & diém tuong duong khi chi thi cé néng
do tu 0,35 M — 1,1.107"M. Thyc t€ ta thudng dung chi thi véi néng d6 tir
0,01 — 0,005 M vi néu dac hon thi dung dich ¢6 mau vang dam cia chi thi, khé

nhan thiy sy chuyén mau, néu loing hon thi khéi lugng cua tia Ag,Cr0O, tao
thanh qua it mét ta it nhan thay.

— Diéu kién ctia phuong phap

+ Phuong phap nay dung trong méi trudng pH = 6,5-10 (khéng nhé hon 6,5 va
khéng qua 10), khi ¢6 mat ctia muéi amoni pH = 6,5 —7,2.

+ Phuong phap nay khéng ding trong mdi trudng acid va trong méi trudng
kiém, vi nfu dung trong méi trudng acid CrO3~ — CrO%‘ tao v4i Ag* két tia dé
tan trong acid:

CrOi +H* 5 HCro;
2HCrO; S CrO% +H,0
+ Trong dung dich kiém manh tao thanh oxyt va hydrogyd bac.
Ag"+0OH > AgOH |
2 AgOH — Ag,0 + H,0
+ Phuong phap nay chi duge ding dé xac dinh cac CI” va Br™ ma khéng duge

diing dé x4c dinh I” va SCN” vi khé nhan xét lic két thic phan tng do hién tudng
h&p phu va tao thanh cac hé keo.

+ Khéng thé chuin d6 dung dich c6 mau theo phudng phap Mohr vi mau cta
dung dich che mau ctia Ag,CrO, & diém tuong duong.

2.4.5.2. Phuong phdp Volhard - Phuong phdp dung phén sit amoni lam
chi thi

Pinh lugng Br ~, C!” theo phuong phap Volhard dya vao ky thuét chuin dé
nguge.

Nguyén tdc: Ding mét lugng du AgNO, 6 méi trudng acid nitric dé két taa
hoan toan bac halogenid, Dinh lugng Ag" (du) bing dung dich chuin NH,SCN.
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Thi du: Ag®(du) + Br ~ — AgBrl
Ag"+ SCN > AgSCN |
3SCN™ + Fe™ 5 Fe(SCN); (d6 thim)

Phén sat amoni: Fe,(S0,),.(NH,),S0,.24H,0

Diung dung dich chuéin: NH,SCN dé xac dinh Ag". AgNO,, NH,SCN dé xac
dinh cac halogenid va céc ion khac.

Can cit vao céc tri s pSCN tai ddu va cudi cac bude nhiy cha duong bidu didn
dinh lugng ta c6 thé tinh duge khodng néng d6 Fe®" can thist dé mau xuit hién ¢
ding diém tuong ducng va sai s6 chi thi khéng qua + 0,1%.

Tagscy = 1,1.107° & diém tuong duong [SCN] = 107

Theo Iy thuyét ngusi ta cho rang mau cia Fe(SCN)** tao thanh & néng d6
6,4. 10'° M. Hay tinh néng dé Fe *" 1a bao nhiédu dé phiic mau dd tao thanh,

D€ sai s6 chudn d¢ bang khéng, mau ctia Fe(SCN)?* can xuat hién khi néng &6
Ag" con lai trong dung dich bing téng néng d6 SCN~

[Ag"]=[SCN" ] + [Fe(SCN)*" ]= [SCN" ] + 6,4. 10°®
hay T pgsen/ [SCN™1=1,1. 1072/ [SCN™ ] = [SCN" ] + 6.4. 10°®
Sau khi bién 48;

[SCN *+6,4. 10%[SCN ]+ 1,1. 10 %=0
{SCN ]1=1,7.1077

Hing s6 bén Fe(SCN)** bang:

[Fe(SCN)**]
[Fe?*1{SCN™]

Thay vao biéu thite d8i véi hing s6 bén péng dé [SCN™ ] tao lugng Fe(SCN)**

ma bang mit thudng cé thé phat hién dude.

K=14 10°=

6,4.107°
[Fe®*].1,7.1077
[Fe¥]=0,27 M
Chuin dé theo phuong phép Volhar ndng d6 nay khéng bit bujc. Nong do
Fe' ¢6 thé dao dong trong khoing 0,002 — 1,6 M, sai s6 1 thuyét khéng hon

1.4 10% =

0,1 %. Trong thuc t& noéng do [Fe **] trén 0,2M thi mau vang clia né lam ta khé
nhan sy d6i mau cta dung dich chudn ds.
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Vi vay ngudi ta diing néng d6 Fe ** khodng 0,01 M.

— Diéu kién ctia phuong phap

+ Ma1 truong phai acid manh (ding HNO, dam dic) dé tranh su thuy phéan
ctia Fe*, tranh tha Ag,O va lam gidm hién tugng hap phu.

+ C6 thé dinh ludng cac halogenid trong mdi trudng acid manh vi khong thé
chuin d6 cac halogenid trong mot trudng trén bang phuong phap Mohr hay
phudng phap dung chi thi hdp phu.

+ Ngudi ta dung phudng phap nay dé dinh lugng CI7, I", Br > SCN™ va Ag*.

Nhung néu dinh lugng CI” theo Volhard, mot khé khan thudng xdy ra khi dinh
lugng bac con lai.

Theo phudng trinh phan {ng
Ag'(du) + CI”' > AgCll
Ag*+SCN — AgSCN |
O thdi diém khi lugng du Ag” duge chudn lai bing SCN, cac ion SCN™ du sé
phan ting véi AgCl
AgCl+SCN 5 AgSCN I +CI” (9.24)
Vi AgSCN (Tagzsen = 107'%) it tan hon AgCl (Tager = 1,7 x 107'%) nén cén bing
chuyén dich tit trai sang phai.
Phan ting dat téi cAn bang khi ty s6

[C17]  Tager  1,7x107%0

- = =170
[SCN7] Tagsen 10712

Nghia 12 cin bang duge thiét 1ap khi [SCN] < [C17] 170 lAn.

N61 mdt cach khac, mét lugng thira SCN di tham gia phan ting trao d6i véi
AgCl. Vi vay rat khé nhan ra diém cudi chudn d6, vi mau héng xuat hién do tao
thanh Fe(SCN),; nhanh chéng mat di do phan Gng trao déi

Fe(SCN); + 3AgCl & Fe™ + 3CI™ + 3AgSCN |

Muén ¢6 mau dé bén chia phic sunfocyanid v6i Fe®* ta can phai tiép tuc cho
SCN™ niia va 56 mdc sai s8. D& tranh hién tugng niy ngudi ta dung nhidu bién
phap khac nhau nhu: thém mét 16p ete, benzen hay bat ky dung méi hitu cd khac
vao hén hgp dung dich nude AgCl, AgCl déng von lai & mat phan cach ciia nude va
dung mét hitu cd va khéng tac dung véi SCN . Hoac dung dung dich Cl” trong binh
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dung nude thém mét lugng thua AgNOj chinh xéc, thém HNO; dam dac, thém
nudc cat téi vach chuin. Loc dung dich va 14y mét phan dung dich dinh higng béng
SCN™, nhu vay AgCl da bi loai khéi dung dich khéng tré ngai cho qué trinh dinh
Iugng.

2.4.5.3. Phuong phdp FajanZs — Phucong phdp dung chi thi hép phu

Phuong phap nay dua trén tinh chit cia chat két tia hap phu mét s chit
mau va 1am cho cac chit mau nay thay d6i mau.

Day la phuong phap truc tiép, ¢é thé dinh lugng Cl°, Br, hay I bang dung
dich AgNO; va diing chat mau eosin hodc fluorescein lam chi thi. Co ché nhu sau:

Eosin 1a mo6t acid hitu ¢d y&u, phén ly trong dung dich KI 1am cho dung dich ¢6
mau héng.

Eosin 1a Tetrabromfluorescein:

CeH,COO

Br (lj
aN a
O 0 o]
L Br Br

Eosin (mud1 dinatri mau do)

Fluorescein

CxH,COO

|
0" 0O 0

Mudi dinatri mau do
HESH +E
Khi chua dat dén diém tuong dudng chc tiéu phan keo clia tia Agl tao thanh
trong phan Ung sé hip phu cac ion 1~ ¢6 thita trong dung dich, cic tiéu phan déu

mang dién tich 4m nén khong hip phu cac ion Eosinat (E ).
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Vang nhat
mAgl + nI” — [Ag]], nI”
Khi dat dén diém tuong duong, khi du mot lugng rat nhé AgNO,, két tha Agl

hap phu cac ion Ag" dut va mang dién tich dudng do &6 hdp phu manh cac anion E~
mang mau. Khi d6 két tta chuy&n mau tit héng sang dd tim:

P tim

mAgl + nAg" — [Agl] _nAg’

Nhiing chi thi nay khong lam d6i mau ctia dung dich ma chi d6i mau trén bé
mit keo mang dién tich duong.

- Diéu kién clia phuong phap:

pH cua dung dich anh hudng dén chuin dé bdi vi chi thi h&p phu 1a cac acid
yéu. Dang hoat déng ciia chi thi 1a ion lién hgp cua ch&t mau. Vi vay pH chudn do
c6 lién quan dén hing sd phéan ly ca chi thi.

Diéu kign can thiét dé stt dung chi thi hap phu dé 12 kha néng ctia né nhu ion
trai ddu nhung khéng thé vio ion hap phy du tién caa tha. Anion dién tich 1 can
tré nhau trén trén bé mat AgHal theo thi tu, tudng quan véi su phan cuc hay véi
kha nang i nhan cia cac anion. O pH = 7 thu tu thay thé: I" > CN™ > SCN™ >Br~
> anion Eosin > CI" > anion diclofluorescein > CH;COO™ > anion fluorescein >

NO; Cl0;

Nhu vay 6 pH = 7 anion sé 14 chi thi, néu nhu né ding ¢ trong day nay bén
phai clia ion chuin dé. Trong khi chuén d6 chu ¥ tranh néng d6 16n chat dién ly,
né ¢6 thé tuong tac véi chat mau.
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Dinh lugng Br', I" v6i chi thi eosin méi trudng acid pH < 2. Ta khéng dinh
lugng Cl” véi chi thi eosin vi anion eosinat bi tia Agl hip phu rit sém, tha bi do
trude diém tuong dudng. Trong trudng hop nay dung chi thi 14 Fluorescein mau
bién d6i tit ving xanh sang d6 & moi trucng pH =7 -10.

2.5. Sai s6 chi thi

Nhu bit ky chuén d6 nao, ¢é thé ¢6 sai s6 ngiu nhién va sai s6 hé théng. Sai s6
ngau nhién c6 lién quan dén d6 déc cta dudng cong chuin do. D léch chudn cta
gia tri thé tich & diém tuong duong cang nhé, d¢ doc cang 16n. Nhu vay do léch
chudn cla gia tri thé tich cang nhé bao nhiéu, néng d6 ca ion chuin dé cang 16n
va d6 tan cua tua tao thanh cing nhd.

Sai 86 hé théng lién quan téi sy khéng tring nhau cta diém tuong dudng va
diém két thiic. N&u nhu tao thanh hén hop it tan loai AB thi tai thdi diém chua
dat téi diém tuong duong f<1 gy sai sd 4m, khi qua diém tudng dudng £>1 giy ra
sal s duong,

O didm két thic, ndéng db chia ion (nhu halogenid) [Hal]ky bing téng néng 4o
ion chua chuén dd (hodc da chuédn d6) nghia la Co (1 — f) hay Co (f— 1) va nong dé
cla céc ion tham gia vao sif tinh dd tan cia tia AgHal ma bing [Ag™]pky hay
[Hal Jpgr-

[Hallpkr = Co (1 — ) + fAg iy
[Ag"]pkr = Co (f — 1) + [Hal] iy
Ma Co = Coyy— = Copgr
Suy ra

TagHal
[HaI]DKT = [A -

']
DKT

ss=1-f = [Hallp gy - [Ag+]DKT _[Hallyer - (T/[Hal]y, )
C, - C,

[Ag+ ]DKT ~[Hallyyp [Ag+ ]DKT - (TAgHal {Ag+ JDKT)
Co ) C,

ss = f-1=

Dé dang thdy rang sai s hé thong cang nhé bao nhiéu, néng dé ctia chit cin
chudn d§ va chit chuén cang 16n va diém k&t thuic cang gan diém tuong duong.
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Dé tinh sai s6 chudn d6, ngudi ta lam thi nghiém kiém tra cho dung dich
AgNO; vao dich nhii tuong CaCOj véi chi thi cromat cho dén khi xuét hién mau
5. Thé tich tim duge dung dé tinh két qua.

2.6. Cac dung dich chufin ding trong phuong phap bac

Trong phuong phap bac chi yéu dung dung dich chudn 1a AgNO,, dung dich
chuan NH,SCN dugc chuén lai bing dung dich AgNO,,

2.6.1. Cdch pha dung dich chudn AgNO, 0,IN

— C6 thé pha dung dich AgNQ, 0,1N bing cach hoa tan mét lugng tinh trude
tinh thé AgNQ, tinh khiét hoa hoc trong mét thé tich nude xac dinh.

— Hodic pha AgNOj tit hoa chit khong duge tinh khiét 1dm, c6 ndng d8 xdp xi
r6i duge x4c dinh theo NaCl tinh khiét hoa hoe.

Dung dich AgNO, bi thay d8i khi dé 1au. Duéi dnh hudng cGa anh sang, su
phéan hiy dugc tang 1én, vi vay ngudi ta dé dung dich trong chai thuy tinh mau
nau.

2.6.2. Cach pha dung dich amoni sunfoxianid 0,IN

Khéng thé pha dung dich NH,SCN ¢6 ndng d6 chinh xac theo lugng cin clia
chat, vi NH,SCN hdt 4m. Vi vay ngudi ta pha dung dich c6 ndng d6 gin ding véi
yéu cau, sau d6 xac dinh néng dé cua dung dich NH,SCN x4p xi 0,1N bing dung
dich chuan AgNO40,1N.

2.17. ﬁng dung phuong phap bac

2.7.1. Dinh lugng Cl trong NaCl ky thuat bing phuong phip Mohr

Ngudi ta xac dinh ion clorid trong céc clorid tan dua trén su chudn dé truc tiép
lugng chét cAn phén tich hay dung dich clia né bing dung dich chuin AgNO; véi
chi thi kali cromat. N&u xuét phat ti san phidm tinh thé thi tinh ham luong phin
tram cha NaCl hay Cl ~ trong mau. Néu phan tich dung dich NaCl thi tinh ham
lugng ion Cl hay NaCl trong dung dich thanh gam. .

2.7.2. Dinh lugng Cl” theo phuong phdp Fajans

Dinh lugng truc ti€p ion clorid bing dung dich chufn AgNOQ, véi chi thi
fluoressein duge tién hanh trong méi trucng trung tinh, mau trén bé mat cha tua
chuyén tit vang dd sang do héng.
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2.7.3. Dinh luong KI theo phuong phdp Fajans

Dinh lugng tryc tiép KI bing dung dich chuin AgNOg, véi chi thi eosin duge
tién hanh trong méi trudng acid, mau trén bé mét clha tda chuyén tit hdng sang
dé tim.

2.7.4. Dinh luong Cl” theo phuong phdp Volhard

Dinh hugng clorid theo phudng phap Volhard bing cach chuin d6 nguge. Cho
mot lugng du chinh xac vao dung dich NaCl cin dinh lugng, tao tha tring cua
AgCl, loc bé tha AgCl (hodc cho dung méi hitu co nhu benzen vio dung dich phan
tich). Dinh lugng Ag" du bing dung dich chuin NH,SCN véi chi thi phén sit
amoni.

TU KHOA
- Tich s6 tan - —Dé tan
— K&t tia — hoa tan — Phuong phap bac
— Keo — pepti hoa - Hép phu

CAU HOI LUONG GIA
1. Viét bi€u thite tich s6 tan, do tan; Céc céng thite tinh d6 tan trong nuéc
nguyén chat, khi ké téi hé s6 hoat do.

2. Néu cac y&u t8 4nh hudng dén d6 tan va cach tinh db tan trong ting didu
kién cu thé.

3. Néu tinh chat ciia dung dich keo, giai thich hién tugng déng tu va pepti hoa.
4. Néu ¥ nghia cia phén ting két tiia hoa tan trong phén tich.

5. Khao sat dudng bidu dién dinh lugng va néu cac y&u té anh hudng dén
dudng cong chuin 46 két ta. '

6. Néu su hinh thanh dung dich keo cua bac halogenid.

7. Néu nguyén téc, diéu kién tién hanh va dng dung clia phuong phap Mohr,
Fajans, Volhard.

8. Néu ing dung cua phuong phap do bac trong phan tich.

9. Cho biét tich s6 tan ca cac mubi iodid nhu sau-
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1odid T

Agl 8,50. 1077
Pbl, 7,10. 107°
Bil, 8,10. 107"

Hay xép cc muéi trén theo thit tu giam din 46 tan trong:
a) nuée,

b) 0,100 M dung dich Nal.

c¢) 0,100 M dung dich cation tudng ing.

10. Hay tinh d6 tan cia BaS0, trong

a) dung dich trung tinh

b) dung dich HC1 0,100M (HSO, + H,0 S H,0" + S0O,%;
K,=1,20. 107 PS:2a)1,10.10°M; b) 3,50. 10°M

11. Hay tinh d6 tan AgCl trong dung dich NaCl c6 nhiing néng d8 sau:

a) 2,00 M ¢) 5,00. 1072 M Bigt K, = 2,00.107, K, =1
b) 0,50 M d) 5,00. 10 *M

e) 1,20. 107 M g) 1,10, 10 M

h) 1,50. 10° M 1) 8,70. 10’ M

CAU HOI TRAC NGHIEM
1. Mudn ¢ két tha:
a. [A]"{B]" < Trnpn c. [A]™.[BI"> Tampn e. [B]" < Tampn
b AI".[B"=Tamg,  d. [A]™ < Trnps
2. Muén c6 két tiia tan duge:
a. [A]™.[B]" < Tammn c. [AJ™.[B])" > Tampn e. [B]" < Tampn
b. [A]™.[B]" = Tamsn d. [A]™ < Tampn

3. Cong thic tinh dé tan trong nude nguyén chit cia chit dién ly it tan dang
AB (cung hoa tri):

b. SAB :‘\,‘TAB d. SAB :%\j 2TAB
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4, Khi thém du thudc thit két tia, db tan cua két taa:

a. tang lén c. glam xudng e. khéng thay d6i
b. ting 1én nhidu d. giam xuéng nhiéu

5. Trong méi trudng acid dé tan cia chit dién ly it tan phu thude vio:

a. tich s8 tan cta mudi d6 va néng d. hing s6 phén ly cta acid trong méi

ds H' truong
b. tich s6 tan ctia mudi dé e. néng d6 cua mudi &6

A A +
c. nong d6 H

6. Phuong phap Mohr thuc hién ¢ méi trudng:

a. acid manh d. kiém yéu
b. kiém manh e. trung tinh, kiém yéu pH= 6,5-10

c. acid yéu

7. Phuong phap Volhard thyc hién ¢ méi truong:

a. acid manh c. acid yéu e. trung tinh, kiém yéu
b. kiém manh d. kiém yéu pH=6,5-10

8. Phuong phap Fajans dinh lugng Br, I” vdi chi thi eosin thyc hién ¢ méi
truong:

a. acid manh c. acid yéu e. trung tinh, kiém yéu
b. kiém manh d. kiém yéu pH= 6,5-10
9. Phuong phap Volhard dang k§ thuat chuin d@:
a. truc tiép ¢. nguge e. gian tiép — thua tru
h. thé d. gian tiép
10.Chi thi dung trong phudng phap Mohr:
a. Phén s&t amoni ¢. K,Cr,0, e. fluorescein
(Fe™
b. K,CrO, d. eosin
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Chuong 10
'PHUONG PHAP TAO PHUC

NOI DUNG

1.LY THUYET VE PHUC CHAT
1.1. Pinh nghia phic chat

Phic chat la nhiing hgp chit phan ti dugde tao thanh do mot kim loai (nguyén
td trung tAm) nhu Ag, Cu, Ni, Co, Fe, Hg... néi véi cac phéi tit ¢6 thé 1 ion 4m hay

phén tit (NH,, H,0, CT, F~, CN",..).
Nguyén ti trung tAm va phéi ti tao thanh ciu néi phic va dugc viét trong déu
[], cac ion trai ddu véi cdu ndi phiic goi la ciu ngoai phitc viét & ngoai d&u [].
Vidu:  [Ag(NH,),]Cl
Cau néi phiic / cdu ngoai phiic
Chu y: Nhiing chit nhu FeSO4(NH4)2SO4 6H,0 hoac KAI(SO,),. 12H2O la

mubi kép, tuy 6 dang rén c6 thanh phan gidng nhu phttc chit, nhung trong dung
dich nuée phan ly hoan toan thanh nhiing ion don gian;

KAI(SO ,),.12H;0 - K* + AI* + 280,2 + 12H,0
Nén khéng phai la phtc chat ma 1a nhitng muéi kép.
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1.2. Phén loai

Phiic chat thudng chia lam 2 loai: phiic chit cong va noi phite.

Phic chit cdng (lién két phéi tri).

Phitic chét cOng gom mot nguyén tit trung tAm lién két phéi tri véi nhitng tiéu
phan phén cuc. '

Vi du: Zn®" c6 thé phdi tri véi 4 phan t& NH,; d8 tao thanh ion phiic
[Zn(NHy),]*" ma cong thite khai trién 1a

- — 24+
’ NH;

Zn - NHjy a4 [Zn(NH3)4)*

L NH,

Phén tit NH; ludng cyc, cuc Am quay vé phia ion kim loai va tao thanh lién két
phoi tri bing 2 electron tit do & 16p ngoai cling cua nitd.

Ngudi ta thay rang s8 t8i da nhitng tiéu phan c6 thé gdn v6i nguyén t trung
tdm goi 14 s6 phdi tri cyce dai, s6 phoi tri cuc dai thudng 1a 2, 4, 6 hoéc 8. Dién tich
cta ion phitc bing téng dai s8 cac dién tich (duong va 4m) cda ion trung tAm va
phdi ti1.

- Nhiing phic chit chi ¢6 mét ion trung tdm nhu: [Ag(NH,)]*, [FeF 1* duge
gol phice don nhén.

Phtic ¢6 nhiéu ion trung tam cling loai nhu [Fe,(OH),1*" [Cuy(OH),]*" goi 1a
phtic da nhéan.

1.2.2, Néi phice

Trong ndi phiic, kim loai tao thanh véi phéi tit (thudng 14 phan ti hiiu cd) viia
bang lién két phdi trf vita bing lién két chinh.

Thi du: dimetylghoxin tao phic v61 niken

0\ H?C
2 \ + Ni2t <:> CH3—C/ N Ni \C—CH3
H;C — C=—NOH No=nN" “o—n?
H,C OH
Dimetylglioxin Niken dimetylglyoxinat
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H,yC CH;
\ /
C.___._ JE—
CH;—C—CH,—C—CH; + Be”" _ e’ g S
. 3_ L 2_ PR 3 e -
| I < No=—=0" No=—C("
O O / \
H;C Cll;
Acetylaxeton Beri acetylacetonat

TUu cac céng thic cdu tao trén cho thiy cac hgp chit ndi phiic duge dac trung
bang su ton tai cac cum vong chu yéu la cac vong 5 hodc 6 canh. Nhitng phiic chat
ma phéi ti chia nhiéu nguyén ti lién két véi ion trung tdm goi 1A phite da cang.
Céac ion trung tAm (ion kim loai) bi kep chat trong cae vong bdi cac phéi tit nhu
trong “gong kim“. Do d6 phé ti tao véi ion trung tim mdt vong kin goi l1a phiic
cang cua (Chelat).

Nhiing phtic chat ma phéi tii chiia mét nguyén td lién két véi ion trung tam
duge goi 1a phite don cang.

Cac hgp chit ndi phiic ¢6 nhiéu tinh chit dic trung, trong dé cac tinh chat
quan trong nhat la: d6 bén cao, mau dic trung d6 tan nhé trong nuéde, do dién ly

yéu, dé tan 16n trong mét s6 dung méi hitu cd (thuée thi Garola véi K.

1.3. Danh phap

Khi goi tén mot phuc chat, diu tién goi tén phél tlt sau dé goi tén ion

trung tim.
1.3.1. Phiic la ion duong

Got tén phéi t véi dudi O va céc tiép diu ngii dé chi s6 phél tiz nhu sau:

1. Mono 6. Hexa 11. Nodeca
2. 7. Hepta 12. Dodeca
3. Tri 8. Octa

4. Tetra 9. Nona

5. Penta 10. Deca

Sau d6 goi tén cac nguyén ti trung tAm véi cac dudi dé hoa tri nhu sau:

Hoatril: a Hoa tr1 5: an
Hoa tri 2: 0 Hoa tri 6: on
Hoa tri 3: 1 Hoa tri 7: 1n
Hoa tr1 4: e Hoa tr1 8: en
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Vidu: [Ag(NH;),]Cl: diaminoargenta, hosic diamino bac (I) clorua.

(Ghi chi: ciing c6 thé goi tén nguyén t& trung tAm kém chd s§ La ma viét
trong diu ngojc chi hoa tri ciia né).

1.3.2, Phue la ion ém
Goi tén nhu phiic ion duong nhung thém dubi ‘at’.
Vi du: [Fe(CN)gl"™: hexa cyanoferiat hogic hexa eyanato ferat (ITT)
[Hg(CSN),1%": tetrasulfo cyano mercuroat
(Ghi chii: cing c6 thé goi theo cich thém dudi at vao tén nguyén tit trung tdm
trude khi thém chi 8 La ma chi hoi tri).
1.4. Hang sé bén ctia phitc chat

Phite chat trong dung dich ciing phan ly nhu cAc muéi don gian, cé phitc chit
phan ly hoan toan, c¢6 phitic chit phan ly khéng hoan toan, nghia la ¢6 phic chat
bén va phitc chat khong bén, D€ bidu thi d6 bén cta phiic chat, ngudi ta ding hing
s6 bén 3.

Xét thi du can bing gitia kim loai (M) véi s8 phéi tri bing 4 ctia phéi tu
(ligand) (L):

M+1L S ML

Hang s& can bing cha phan ing:

_[ML]

[M][L]

K

K 1a hing s6 bén.

Tudng tu can bang giita M va phéi ti ¢6 s6 phét tri 1a 2
M +2L s ML,

Phan {ing nay ¢é 2 phan ing trung gian:

M+ L 5 ML (10.1)
ML +L s ML, (10.2)
Tuong itng vé1 (10.1) va (10.2)
ML) ML)
LML * [ML][L]

Tich s6 cia K, va K, biéu thi hing s6 cin béng téng cdng
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B:K1K2 =

[ML] [MLp]  [ML,]

[MIL] MLI[L] ~ [ f?

Tuong ty nhu vay phan img gitta M véi phéi tid A c6 thé viét § dang cAn bing

tong cong:

M+ 4A 5 MA,

Dya vao gia tri hang s§ bén cta phiic chat cé thé biét duge mitc dd bén cua

ching. Hing s& bén cang lén phitc cang bén.

Thi du: Phitc Zn(NH,),*" duge tao thanh qua 4 nic nhu sau:

1.Zn*"+ NH; S Zn(NHp?*

_ I:ZH(NHa )2+] _ 102,18
S

2.7Zn (NHy)* + NH, S Zn(NH,)3"
|Za(NH,)}"
[Zn(NH3)2+}[NH3]
3. Zn(NHg)2" +NH, S Zn(NH)%
|20 (NH,)}" |
Zn(NH,)}" |[NH,]
4. Zn(NHy)3* +NH, S Zn(NH,)?*
|20 (NH,)}" |
Zn(NH,);" [[NH, ]

Zn® o+ 9NH, S  Zn(NH,)3*

K2 — - 101,25

K3 = = 102’31

K4 = = 101'96

Zn(NH,);' |

Zn®* |[NH, T

KKy =8,

KK, =

B, dugc goi 14 hing s6 bén tdng cong clia 2 phan {ing ddu trong 4 phan ting trén.
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D& biéu thi d6 bén cha phitc chat ngudi ta ding hing s6 khéng bén, nghich dio
cua hang s6 bén 1/B dugc goi 14 hing s§ khéng bén K hoic hing 8 phan ly cia
phic chét, hing s nay cang nhé phite chit cang bén. Ngudi ta con thudng ding
dai lugng —1gK c¢6 k¥ hiéu pK. Dya vio hing s6 bén ctia phiic chat ¢6 thé biét duge
muc d6 bén hodic khéng bén chia chiing. Hiang sé bén cang lén phitc cing bén. Thi
du: Phic FeY ¢6 B = 10 *!(tic K = 107%*?) bén hon phic NiY¥ 2" ¢6 g = 10 862
(K =10 7'%%%),

Néu biét hang s8 khéng bén ctia phiic chit ngudi ta c6 thé khdo sat sy canh
tranh tao phiic.

1.5. Y nghia
1.5.1. Tinh néng dé cia chét tgo phitc va phéi ti trong cdc dung dich

Dua vao hing s6 bén ho#c hing s8 khéng bén cia céc phic va néng d6 ban diu
cta phéi tit va ien trung tdm, ta c6 thé tinh dudc ndng d6 cia chat tao phic va
phoi ti.

Thi du: Tinh ndng d6 clhia chit tao phiic va phéi tit trong céc dung dich
[Ag(NH3),]", [CuNH,),}** IM va so sénh cac két qua nhan dude. Cho

— -8 — -13
K[Ag(l\mﬁ)?]+ =5,89.10° K 9,33.10 ™.
Giai

a) D&i véi [Ag(NHy).]"

[Cu(NH;), 1>

Né&u k¥ hiéu [Ag™] bang x, theo phuong trinh:
[Ag(NH;);] & Ag’ + 2NH,
6 thé viét:
[Ag(Nﬁg);] =1-x ;[Ag+] =x ;[NHy]=2x
Thay céc gia tri néng d6 ctia chat tao phiic [Ag'] va clia phéi tit [NH;] vao biéu
thic hang s6 khong bén:

[Ag+ ][NH:}]Z ) X(2x)2 ) ) .
[Ag(NHQ, )Jz'] (i-x) K[Ag(NHa)z"} =5,89.10

Vi trong dung dich dién ly y&u, [Ag’] rit nhd so véi ndéng dd cia ion phie, cb
thé coi gia tri 1 — x gAn bang 1. Khi d6 ta dudc:

4x® = 5,89. 1078
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Do d6: x = [Ag+] = ¥5,89.1077 = 2,4.107 (mollit)

[NH; | = 2x = 4,8.107% (mol/lit)
b) D61 véi [Cu(NH, )]
[CuNH;)2*] 5 Cu® + 4NH,
[cu(NHg,)i*J ~1-x; [ Cu? ] = x; [NH, ] = 4x

[Cu2+J[NH3]4 _ x(4x)4 |
[Cu(Nm 27|~ (o) oty

256x° =9,33.1074°

~-933.1071°

Do d6

x = [cuﬂ = %9,38.10713/256 ~ 8,5.10™5 (mol/l)
[NH;] = 4x - 4x8,5.107% = 3,4.1072 (mol/])
Khi so sanh cac k&t qua thu duge d&i véi [Ag(NH3)3] va [Cu(NH;)5"], c6 thé
thay 12 néng dd cua phiec chat trong ¢ hai dung dich gin bing nhau:
[Ag] = 2,4. 107 (mol/)
(Cu®]=1,29. 107 (mol/)
1.5.2. S canh tranh tgo phie
Xét thi du: néu cho tac dung muét Zn véi Mg complexonat
MgY* +Zn** S ZnY* + Mg®
Ta biét rang K khong bén cang nho phiic chit cang bén viing, K, &= 107198,

,.= 10"%7, vay phitc kém complexonat bén hon Mg complexonat, nén trong

I{MgYL

dung dich tén tai phite Zn complexonat,

1.6. Ung dung cua phan (ing tao phiic trong phéan tich
1.6.1. Diing cdc hop chét phitc dé tao két tiia

~ €6 nhiéu mudi phiic khé tan trong nude duge tao thanh bdi cac cation kim
loai ning va cac anion clia nhiing acid phiic. Thi du: Ni*" tao muéi it tan véi

hexacyanocobaltat (IIT) Niy[Co(CN)g], mau xanh 1a cay.
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~ C6 nhiéu ion phitc c¢6 6 bén cao, c6 mau dac trung dung trong phan tich
dinh tinh va dinh lugng.

Thi du: Ngudi ta phat hién K* bing cach cho tac dung véi Nay[Co(NO.)] tao
ra phitc ¢ dang tia mau vang K;[Co(NO,)].

Dinh tinh Fe®: Fe®™ phén ting véi K,[Fe(CN)] tao két tia mau xanh phé
Fe,Fe(CN)gl,.

Dé dinh luong Fe®*, ngudi ta cho Fe®* tac dung vdi thudc tht NH,SCN, phite
tao thanh c¢6 mau dé mau, do phé hap thu trong ving kha kién.

1.6.2. Dung cdc phdn itng tao phitc dé che cdc ion cdn tré

Cé nhiéu trudng hop ngudi ta dung phan ng tao phic dé che céc ion ngan can
qua trinh phén tich.

Thi du: Trong qua trinh phén tich, Fe®" c6 thé ngiin can sd phat hién cac ion
khae, ngudi ta che Fe’* bing cach thém H,PO,, NaF, Na,C,0, hoge Na,C,H,0,
vao dung dich phan tich, ion Fe* s& tao vl cac chit dé thanh ion phiic bén viing
khéng mau: [Fe(PO),]", [FeFgl® , [Fe(C,0.):, [Fe(C,H,0.).1% . Khi dé cic anion
phite duge tao thanh bén viing ngay c¢a khi cho thude thit nhay d6i véi Fe* nhu
NH,SCN ciing khéng tic dung rd rét véi Fe' .

1.6.3. Ding phdn @ng tao phitc dé héa tan cde két tiia

Ngudi ta ditng cic phan dng tao phitc dé hoa tan nhiing két tia khéng tan
trong nude, trong acid va trong kiém. Nhu trudng hop Ag® tac dung vdi nhém
halogenid (C1, Br ,I) tao thanh cic muéi bac — halogenid khéng tan. P& tach
AgCl ra khoi cac chdt khac, ngudi ta cho vao tha mét lugng thita NH,, AgCl tao
thanh phie [Ag(NH.),]Cl tan.

1.6.4. Ding phan iing tao phitc dé thay déi tinh acid — base ciia cdc

pr

chit

- Ngudi ta dung phan iing nay khi muén lam thay déi (tang hay giam) tinh
acid, tinh base cia mét hgp chéat.

Thi du:

Dé tang tinh acid cta acid boric, ngudi ta thém vao dung dich mét lugng
glycerin. Lic nay c6 su lién két anion ctia acid boric thanh phiec glyceroborat kém
theo lam yéu lién két clia né véi hydro. Do d6 acid yéu trd thanh acid manh.
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Dé tang tinh base cia Al(OH),, ngudi ta thém fluorid vao dung dich AI(OH),,
AI™ tao phiic bén [AIF¢]* va OH duge gidi phéng ra, do viy lam ting tinh kiém
ctia dung dich.

A(OH); + 6 F — [AIF* + 3 OH~
Duing phan ting tao phiic dé thay d6i tinh oxy hoa — khit ctia cac chat

C6 nhiéu trudng hgp do ¢6 su tao phite ma néng dd clia cac chit oxy hoa hoic
cua chat khi tang hay giam.

Thidu: 2Fe* + 21T 5 2Fe? + I, _
Chiéu phan ng tir trai sang phai. Khi thém F vao dung dich thi Fe®" mat

kha niing oxy hod I” do tao thanh phitc [FeFg]*", do vay can bing phan tng chuyén
dich tit phai sang trai.

2. PHUONG PHAP COMPLEXON

2.1. So Ivge vé cac complexon

Céac hop chat hitu cd 12 dan xuit cua acid aminopolycarboxilic thudng goi Ia
cac complexon.

— Complexon I (Trilon A), la acid nitril triacetic (NTA), viét tat 1a HyY

CH,COOH
N CH,COOH
CH,COOH

— Complexon II (Trilon BS) 1a acid etylen diamin tetra acetic (EDTA), viét tit
la H,Y. Day la acid 4 néec. Trong dung dich cia EDTA c¢6 thé tén tai cac dang:
H,Y, H,Y, H,Y?, HY", Y* va tuy thugc vio pH clia méi trudng dang nao sé 1a
chu yéu. pK, = 2,0, pK, = 2,73, pK; = 6,24, pK, = 10,34.

HOOCH,C CH,COOH
\ /
_N—CH,—CH,—N

HOOCH,C
CH,COOH
EDTA 1a tinh thé mau tring, tan it trong nudc, é nhiét do 20 OC @6 tan ctia né
chi 1a 28,3 mg trong 100 mi nude. P6 tan H ,Y t6i thiéu & pH 1,6 — 1,8. Khi tang
hay giam néng d6 ion hydro d6 tan thay déi (hinh 10.1).
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Hinh 10.1. Su phu thuéc cOa dd tan EDTA (trong 100 ml nudc) va pH & 20%c
D6 tan cao cua H ,Y trong acid vé co duge giai thich bdng sy tao thanh cac
dang trao déi proton H ;Y" va H .Y ?* Su trao d6i proton cta anion Y *” va sy

phan bé cic dang trao déi proton khac nhau phu thude vio pH duge biéu thi trong
so @6 (hinh 10.2) v& biéu d6 phén bé (hinh 10.3).

| | —| Q-0 O__:__T___; o] —|
00C—C_+. 4 1 _C-COO ~c” 5
SNH—C —C—N7 | !
ooc— T NG —coo l d
ik /NH—(lz—-—C——NT-i\
o, —,0 .0
g o e —C— —C—
\C . ‘HI/__/ Cc é \ i
c
~ / \ /—C‘ oS o7 %o
a_ H‘ + 2H
Y q\ |/N N o] H lT
|}C—C s \Cl.‘, C/"I e -
4 1 —_—
I | | T — —
0 o\h_ %0\\‘#____ -0, 2 ~40
| A |
—C— T,
| N R
00C—¢C Lo+ /C_COO —c KL LA =c—
N—C—C—NH | c—cC
ooc—cC” b | ™c—coo J: o -;L
L N | _ o7 70
HY - HapY 2
[ [
0oC— ——C00;
W ’ RH—C—¢ ﬁH/C S
\'ooc_c/ T \c—coo/
/ | e HOOC—HLC_ | , ,CHZCO0H
ENage LBy a0 — “N— CHz— CHp—N_
- c / o HOOC—H.C™ | | " CHCOOH
f e | H H
— f - C—
b p y 2,
SN TV s e
c—¢’ ¢—cC /
HO | I “OH
L. ey _

Hinh 10.2. So dé trao ddi proton clia anion Y4
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Hing s6 phén ly acid cia ion H gY *" bang: pK ,; =0,9; pK ,, = 1,6;
pK . 3=2,0:pK , ,=2,67, pK , ;=6,16 va pK , s = 10,26.

%o >
T T

HeY*

v HsY*
H

&
¥

-

T - rie
I U 0 N R SO R SO B
0 1 2 3 4 5 6 7 8 9 10 11 12 13 pH

Hinh 10.3. Biéu d& ving tao thanh nhimng dang khac nhau cia EDTA
— Complexon III (Trilon B) 14 muéi dinatri cia EDTA. Viét tat 1a Na,H,Y

HOOCH,C CH,COONa

_N—CH,—CH,—N

NaOOCHC CH,COOH

Dihydrat Na,H,Y.2H,0 tan tuong déi t6t trong nude: 108 g/l & 22°C. Trong
nude, Nay,H,Y phén ly thanh Na® va H,Y*, thanh phan cta dung dich complexon
IIT phu thudce vao pH ciing giéng nhu thanh phan clia dung dich EDTA. Vi vay,
ngoai phan tu lugng ra tat cd cac tinh chit d6i véi complexon Il déu ding véi
complexon III va nguge lai. Nhung vi complexon III dé diéu ché dudc dudi dang
tinh khiét nén hay dung hon ca.

2.2, Nguyén tic chung

Phucng phap complexon la phudng phap dinh lugng dua vao phan Ung tao
phiic cia cic complexon véi ion kim loai tao thanh cac muéi nédi phic vé cling bén
it phén ly, tan trong nudec.

Khi chuin d9, cac ion kim loai tao phic véi EDTA xay ra cic phin iing trong
dung dich acid:

Na,H,Y S 2Na* + H,Y?
M*(Ca®")+ H,Y? 5 MYY + 2H"
M*™(AI") + H,Y? 5 MY +2H"
M™(Th*") + H,Y* s MY+ 2H'

Theo cac phucng trinh trén mét ion kim loai bat ky hoa tri déu phan dng véi
mét phan ti EDTA, ty & (1:1) nén trong phudng phap complexon néng d6 ducng
lugng bang néng dd mol, E = M.
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1 mol cation phén tng véi EDTA khéng phu thudc vao hoa tri ctia né lién két
vl 1 mol Na~EDTA.

Tu hinh 3 thdy rang phan ting xay ra ¢ méi truong kiém yé&u va trung tinh 6
thé vist dudi dang:

M™+HY  sSMY®™ ™ +H*
2.3. Tinh tao phirc cia EDTA
2.3.1. Co ché' phdn itng

Trong cac nhém complexon tuong tac véi ion kim loai tao phite do hoa tri chinh
la nhom cacboxyl (~COOH), con ion lién két phu 14 nhém amino bac ba (=N). Musi
ngi phic véi EDTA tao thanh, mét mit, do su thé cic nguyén tit hydro hoat dong
cia nhém cacboxyl bang ion kim loai tao phite, & ddy EDTA két hop véi ion kim
loai tao phitc bing hoa tri chinh, mat khac do su tuong tac v6l nguyén tu nitd cé
kha nang tao lién két phu (phdi tri) véi ion kim loai tao phiec.

~ I 2
//g_‘_;/cm
/ PI‘\~cH
Ve Ay
\C/ 2
L g _

Hinh 10.4. C3u trac cua phirc kim loai véi EDTA
Phan ing tao phitc giita EDTA véi ion kim loai c6 thé biéu dién bing phuong
trinh chung:
M"™ + H,Y? 5 MY ™ + 2H* GpH =4 6
M™ + HY" 5 MY®™ + H* §pH =7 10
Ta thay trong cac phan ung luén giai phéng ra H* ma ¢ méi trudsng acid manh
pH < 3, EDTA tao thanh cac phitc kim loai kém bén. Do d6 dé trung hda né ngudi
ta thudng cho dung dich dém (NH,OH/NH,CI) ¢ pH = 8— 9. Néi chung phan tng
tao phitc cang thuin l¢i khi méi trudng cang kiém. Nhung cé khi ngudi ta duy tri

moi truong acid dé1 vét Fe™, Bi**, dé tranh thuy phan, ion trd ngai.
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2.3.2. Dé bén vitng ctia cdc complexonat
Trong trudng hdp khéng bi anh hudng bdi cac qua trinh khac, phan tng tao
phtte duge viét gon lai:
M™+ Y 5 My
-, - ~ (n_4)+
Héang s6 bén: Kyry = &;{]—
M™% [Y*)
Trong bang (10.1) tri s& Kyy vdi mét s8 ion kim loai nhu sau:
lgKyy Ba™ = 7,76, 1gKyy Pb*" = 18,04, 1gKyy Ca*" = 10,70, 1gKyy Mg = 8,70
Ta co nhdn xét sau:
Cac complexonat cua mét s6 kim loai bén viing dén mic ¢6 thé dang
complexon dé hoa tan cac tta khé tan nhu: BaSO,, PbS0O,, CaC,0,,...
Hing s6 tao phiic cang 16n phic cang bén viing, do d6 ¢6 thé xay ra phan tng
canh tranh tao phie. Vi du thém Mg- complexonat vao dung dich Ca®* thi:
Ca?" + MgY% & Ca¥? + Mg?*
Vi lgKyy Ca*™ = 10,7 > 1gKyy Mg?" =87
Hodc néu thém complexon vao dung dich chia Ca?* va Mg®* thi Ca® sé tao
phiic trude.

Bdng 10.1. Hing s6 bén cla phic kim loai véi EDTA
{gia tri hing s nay & nhiét do 20°C va luc ion 0,1)

Cation Ky gk Cation Kaae fa] AP

Ag’ 2,1.107 7,32 Cu® 6,3. 10" 18,80
Mg?* 4,9 108 8,69 Zn? 3,2.10" 16,50
Ca® 5,0. 10" 10,70 Cd# 2,9. 10" 16,46

sr# 4,3. 10° 8,63 Hg* 6,3. 10¢ 21,80
Ba?” 5.8. 107 7,76 Ph?* 1,1. 10" 18,04
Mn?2* 6,2. 10* 13,79 AP 1,3. 10" 16,13

Fe* 2,1, 10" 1433 Fe® 1,3. 10% 25,10
Co* 2,0. 10% 16,31 Vv 7,90 10% 25,90

NiZ* 4,210 18,62 Th 1,6.10% | 2320

Hing s8 bén cua cic complexonat clia cc ion kim loai khac nhau, nhiéu khi su
khac nhau rat 16n. Diéu nay cho phép c6 thé chuén d6 mot s6 ion kim loai trong
ciing mot dung dich bang phudng phap complexon. Trén hinh 10.8 cho thiy rang d
gia tri pH t61 thiéu 6 thé ¢§ dinh duge diém két thic chudn dé cta cac cation khéc
nhau, cic kim loal nang hoa tri 2 ¢6 thé chuin d6 8 mdi truong acid yéu con ion

Fe®" & méi truong acid manh.
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2.4. Anh hudng cta pH dén can bing tao phitc. Hing s8 can bing didu
kién (biéu ki&n)

Ngudi ta khdo sat can bang tao phiic cta ion kim loai (M"™") véi EDTA thiy
rang muc d6 tao phiic phu thuéc vao pH cliia dung dich. Khi chudn d6 cation tao
phitc kém bén (thi du Ca® va Mg®), yéu cAu méi trudng kiém. Nguge lai, chudn do
cation tao phitc bén hon (k&m hay niken) ¢6 thé tién hanh trong mai truong acid.
Ngudi ta thdy ring su phu thudc vao pH khi chuin dd bing dung dich EDTA
thudng tién hanh trong dung dich dém c6 pH 6 dinh. Sy ¢6 dinh pH cho phép tinh
dudc cace 6 ¢6 ¥ nghia.

Dé xay dung dudng cong chuén d6 ¢a ion kim loai véi EDTA trong dung dich
dém, ngudi ta ding ky hiéu o,

[Y;"]

C: néng d6 chung khéng tao phiic ciia EDTA, bing tdng néng db can bang cua
tdt ca cac dang EDTA.

C=[Y" ]+ [HY"] + [HY*] + [HyY ] + [H,Y]
o, ky hiéu phdn cha cic tdc nhan khéng tao phtc tén tai & dang Y'(tru

(10.3)

MY™™). Ngudi ta con thay ring a, chi phy thuée vao pH va hang s6 phan ly cla
EDTA K, Ky, Ky, K,

Dit «y, C viio chd Y* phuong trinh (10.8) vao bidu thitc chia hing s6 bén
K, Ky K3 K,

g = 1 3 2
[H+] +K1[H+J +K1K2[H+] +K, K2K3[H+}+K1K2K3K4

(10.4)
_ Kl K2 K3 K4
4 D

MY(n~4)+]
biéu thiic méi sé la:
|:MYn_4+]

Kyy = % Kyy =F‘_’In+1 C

K'MY_ 1a hiing s6 bén diéu kién (hay biéu kién) biéu thi cin bing chi trong gia

tri pH d6 dé tinh dudc gia tri o,
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Bang 10.2. Cac gia tri a4 doi vdi EDTA trong dung dich & cac pH khac nhau

pH a, pH Oy
20 3,7.10™" 7,0 48.10™
30 25 10" 8,0 54.107
4,0 36 107 9.0 52.107
50 3,5. 107 10,0 3,5 10
6,0 2,2.1073 11,0 8,5. 107"
12,0 8.8. 10"

Hang s6 bén diéu kién cho phép tinh toan dé dang néng d6 can bing clia ion
kim loai va phtic trong bat ky diém nao ciia dudng cong chuin dé, ngudi ta thay
réng biéu thic cho hang s& bén diéu kién khée bidu thie cho hiing s§ bén duge si
dung sém chi khi ndo nong dé cin bing phan ly hoan toan clia anion [Y*] thay thé
vao gia tri C (néng d6 chung cia EDTA). Pay 1a diéu rit quan trong vi C xéc dinh
tl phép ty lugng cua phan tng dé dang hon la [Y*].

Trén hinh (10.5) biéu thi su phu thudc logarit c¢a hiing s6 bén diéu kién cla
phitc @61 véi mét s6 kim loai vao pH cia dung dich, Anh hudng cua pH lén dai
lugng o, (nhanh bén trai cua dudng cong), su tao thanh hydroxocomplexonat va
phuc complexon véi NH; nghia la do sy ting « (nhanh bén phai cua dudng cong).

|g|<'|

1: [ FeY iy®

12‘;

1 )

A=

9 - ‘

8 L \\ Mgy®

L AA?-_‘_‘_
i \ X Bay”

6L

5 L

4

3.

2 |

|

L/ 1 NS W I N SO W . 2
0 1 2 3 4 6 6 7 8 9 10 11 12 13 pH

Hinh 10.5. Su phu thudc hing s6 bén diéu kién cia mot s& phitc vao pH
(t3ng néng dd [NH5] + [NH,*] = 1,0M)
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2.5. DPudng biéu dién chuin do

Xy dyng dudng cong chuin d 50,0ml dung dich Ca®* 0,0100M bing dung
dich EDTA 0,0100M trong dung dich dém pH 10,00.

1. Tinh hing s8 bén didu kién: cac gia tri o,

Keay 18y ti bang (10.1) cho két qua nhu sau:

Keay = o4 Keyy = 0,35 x 5. 1019 = 1,75, 10%°

2. Tinh pCa trude diém tuong dusng: Trude diém tudng duong néng d6 chung
cta Ca®' bing téng néng do thita chua chudn d6 cia ion Ca®* vi ion Ca®* tao ra bdi
sd phan ly cla phiic. Nong d6é phic s& bing néng d6 chung ctia EDTA ¢6 nghia 1a
C. C6 thé cho rdng gi4 tri C nhd hon so vii néng do ion Ca?" khéng tao phitc. Vi
vay, thi du sau khi cho 25,00ml (50%) dung dich chuén dé.

[CangJ _ 50,00 x 0,0100 ~ 25,00 x 0,0100

+ C & 3,33.10 %ion gam/lit
50,00 + 25,00

pCa = 2,48
— Khi thém 45 ml (90%) dung dich chugn dé:

[CaQ+] ~ 50,00 % 0,0100 - 45,00 x 0,0100
50,00 + 45,00

—+ C ~5,26.107% ion gam/lit

pCa = 3,28
— Khi thém 49,5 ml (99%) dung dich chudn dé:

|:C'12+] ~ 50,00 x 0,0100 - 49,50 x 0,0100

-+ C= 5,05.10_5 ion gam/lit
50,00 + 49,50

pCa = 4,30

3.Tinh pCa & di€m tuong dudng: & thdi diém nay néng d6 Ca¥? trong dung
dich bing 0,0050M va sy phén ly ciia phtc nay 13 ngudn duy nhit sinh ra ion
Ca”". Nong d6 ion Ca?" s& bing néng dé chung khéng tao phitc EDTA:

[Ca2+} = Cgpra
[CaY?] = 0,0050M — [ Ca®'] = 0,0050M
Gia tri hing s8 bén diéu kién tao thanh Ca¥? & pH 10,00:
[CaYz“:l
[032+:| Cepra

Sau khi thay s& ta ¢4

=1,75.10'°
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0,0050

e ]

=1,75.10'°

[Cam} =5,35.1077 jon gam/lit
pCa = 6,27

4. Tinh pCa sau diém tuong duong: Sau diém tuong duong, néng dd chung
CaY” va EDTA dé dang tinh. Thi diy:

- Sau khi cho du 1% dung dich chuén d% (51 ml):

Con - 50,00}:0,0100:4’95‘10_31\{
oayY 101
CepTa = ———1’00’1‘8*10100 - 9.90.10°M

LAy gia tri gan dung, ¢ thé viét:
[CaY® ] =4,95. 107° - [Ca?"] ~ 4,95. 107* M
Cipra = 9,90. 107° + [Ca?') ~ 9,90. 10°° M

-3
4,95.10 _ =1,75.101°

Reay = [Ca2+]x9,9(}.10‘°

[Ca2+] =2,86.107 ion gam/lit

pCa = 8,54
— Sau khi cho du 10% dung dich chudn dé (60,00 ml):
~50,00x0,0100

_ -3
CCaYQ‘ = 110 =4,565.10"M
10,00x0,0100 -4
CEDTA = 110 = 9,1.10 M

LAy gia tri gdn dung, <6 thé viét:
[CaY?] =4,55. 10 — [Ca*] = 4,55. 107°M
Cupra = 9,10. 107" + [Ca®] ~ 9,10. 1074 M
4,55.107%
(3312*];;9,10.10—4

' 10
KC&Y I[ 21,7510

[Caz"] = 2,86.10719 ion gam/Iit
pCa =9,54
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Trén hinh (10.6) mé ta dudng cong chuan dé ctia ion Ca** trong dung dich dém
véi cac gia tri khac nhau ctua pH. Tt iy nhan xét ring pCa cb su thay déi r6 rang
chi ¢ pH =8.

Bang 10.3. Chuan ddé 50 ml ca®t 0,0100 M biing dung dich EDTA 0,0100 M

% EDTA thém vao nCa Ghi chit
0 2,00
50 2.48
0 3,28
a9 4,30
100 6,27 pTH
101 8,54
110 9,54
12
H=12
10 P N
8
pH = 10
6 //
pH=8
4 7,.—
-'_'__'_,_,-I-F" /
2 pH = 6
0

Vm!EDTA

Hinh 10.6. Anh hudng cta pH dén chudn dé cda dung dich Ca %* 0,0100 M
bing dung dich EDTA 0,0100M
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Trén hinh 10.7 cho thay rang khi chudn d¢ cac cation tao phtic bén (c6 hing s6
tao phtic 16n) diém két thiic chuén dé thay rd neay ca & dung dich acid.

Dudng cong trén hinh 10.8 cho thay ring & gia tri pH t8i thiéu nao d6 c6 thé s
dinh diém két thic chudn dd clia cAc cation khac nhau khi khéng ¢6 chit canh
tranh tao phiec.

2.6. Cac phuwong phap phat hién diém két thac chuin dé

Trong chudn db tao phie, diém két thiic chudn d6 ¢6 thé phat hién nhé sy nhin
thay bing mit ciing nhu st dung cac phudng phap phan tich dung cu. Sy lua chon
phudng phap phu thude vao cdc yéu t6, thi du nhu yéu cau xac dinh chinh xac va
chon loc, chusn dé dung dich duc va ¢6 mau, chuén dd trong mdi trudng hén hdp
phue tap.

Trong phudng phap nhin biang mit, xac dinh diém k&t thdc bing cach st dung
chi thi kim loai. Chi thi kim loai 1a chi thi 1am thay d6i mau phu thudc vao néng
dd ion kim loai. Chi thi kim loai thudng 14 hgp chéat hitu cg, tac dung véi ion kim
loai chudn dd tao mau cta phite. Chi thi kim loai chia thanh hai nhém:

Nhém 1: Chi thi tu né khong c6 mau, nhung tac dung véi ion kim loai tao mau
ca phtc c6 mau. Thi du khi chuén @& phic sit IH, chi thi ding thudng 14 acid
salicylic hay sunfosalicylic. Phiic clia sit III véi acis salicylic (ty 1& phan ti 1:1) ¢6
mau do. Cudng d§ mau cua phic thudng khéng cao, vi vay dé nhan thiy rd mau
cua phiic, nong d¢ chi thi can lén hon gdp 10 14n néng dé ion kim loai chuén dé.

Nhém 2: Trong loai nay, chi thi kim loai 12 cac hgp chat hitu cd, trong phéan tit
c6 nhém mang mau (chromophor), tac dung véi ion kim loai tao hop chit ndi phie,
c6 mau khac v61 mau cita chi thi luc ban dau. Chi thi nay goi 1a chi thi kim loai
chrom. Ngudi ta chia chi thi ndy lam 3 nhém

Chi thi ¢6 nhém chiic azo N = N-. Dién hinh 1a den eriocrom T.

Chi thi xép trong nhém triphenylmetanic. Thi du kxilen da cam

Chi thi bén viing. Trong nhém nay ¢ murexit, dithizon, alizarin....

2.6.1. Yéu cdu déi véi chi thi

Chi thi kim loai cAn phai ¢6 khodng pH lua chon, tac dung véi ion kim loai tao ra
phtic bén véi ty 18 M: Ind = 1: 1. Hing s& bén didu kién ctia chit chi thi phai nhd hon
héng s6 bén diéu kién chia phic kim loai véi EDTA, nghia 1a 10 < Ry K yma < 100

Trong trudng hgp mudn dat gia tri 16n, hdng s6 bén ctia phize MInd cho phép
st dung ty 1é khdng 1dn ciia néng &6 chi thi va kim loai

g.lpi (0,01
Cum

tuong fing vdi sy giam sai s§ chuin dé
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— Phiic clia jon kim loai véi chi thi cAn khéng bén va phan hiiy nhanh duéi tac
dung cia EDTA. Nguoi ta cho ring trong chuin d6 tao phitc ¢6 thé dung chi thi
kim loai d& chu ky niia trao ddi phéi tl trong phitc Mind bang Ty, < 10 giay.

— Su thay d6i mau cta dung dich ¢ diém két thdc chuin 46 cén phai tucng
phan vdi mau ban dau, phii hgp véi thuyét vé mau, giéi han mau, nghia 13 mau
ban diu (mau ctia chi thi véi ion kim loai - MInd) v& mau cudi (mau cia chi thi —
Ind) cn ¢6 kha nang b8 khuyét. B6 khuyét 1dn nhau cho d&n mau tréng. Mau bé
khuyét thi du nhu: dé — xanh 14 ciy; cam — xanh; vang — xanh; vang — tim,... Mau
cua chi thi thay déi ti - mot mau bd khuyét sang mau khéc, 8 diém trung gian nay
tré nén khong mau (hay sam mau) bdi vi ltic nay anh ciia mau bi hit 1in nhau
(hdp phu 14n nhau). Vi vay & thdi diém nay dic biét d& nhin thay.

— Da 56 trudng hop ion kim loai va chi thi tao chi mét phite véi ty 16 1:1, khi d6
hang s6 bén diéu kién cta phic nay véi cach tinh can biing ctia chi thj 6 thé viét:
[Mind]

KlMInd = [M]C]nd

TR SR [MiInd]
Tit biéu thitc nay suy ra:[M| = T
Mind Ind

C
2 M = 1gK'yppg + 1g 7—2d—
va p £8 Mind g [Mlnd]
Crg _10, oL
[MInd] 1 10

li¢ d6 dé gidi han khodng chuyén mau:
PM =1gK'pppg £ 1

Dé danh gia khoang d6i mau cha chi thi ¢6 thé cho phép mét ngudi quan sat
sy thay déi mau trong nhiing néng 4% tudng ting.

Nhu vay, khoang thay d6i mau clia chi thi trén thang pM dudc xac dinh bing
hing s6 bén diéu kién cta phitc MInd. Trong su thay d8i cia hang s6 nay khodng
chuyén réng tdi 2 don vi. pM di chuyén trén thang pM lic & huéng nay hay &
hudng khac. Bdi K'yng phu thude vao pH cta dung dich. Su thay d6i pH gy ra su
dich chuyén ctia khoang thay d8i. Ngoai ra, néu cac dang chi thi HInd khac nhau
theo mau, lic d6 khodng chuyén mau trén thang pM khéng chi phu thude vao pH
ma con ¢6 ca sy d61 mau cta dung dich chuén ds.

Thi du: Pen eriocrom T véi ion kim loai Mg**, Ca®", Zn~* va mot s8 ion khéc

tao phitc mau dé hay mau tim. Khao sat su phu thubc cta chi thi d6i véi pH dé cé
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thé phan biét st thay déi mau cta chi thi. Thi du chi thi den eriocrom T d8i mau:
phic cia kim loai véi chi thi trong vang pH < 6 sy d8i mau cta dung dich khi
chuin d6 sé& khé nhan thay. Trong thai gian nay pH thay d8i tit 7 — 11 s& d8i mau
tit d6 sang xanh, khi pH > 12 tit d3 sang cam.

- pK,=63 - K., 3-
H,L" HL®™ —2=l18
bé Xanh Vang cam

pH  0-6,3 (6.3-11,2)  (y11,2)

Trudng hgp phic tap hon dé 1a sy tac dung qua lai cia murexit (H;Ind) véi ion
kim loai. Sy phu thudc vao pH clia murexid véi ion kim loai c6 thé tao thanh phiic
trao dé1 proton ctia thanh phan MH.Ind, v&i I ¢6 thé 14 2,3 va 4. Thi du: khi chudn
d6 ion Ca ** (hinh 10.9) dang chi thi khong lién két véi ion kim loai HyInd™ (d6- tim
pH < 9), HyInd * (tim, pH 9,2 — 11) va HyInd *" (xanh - tim, pH >11), khi & can
bing vét phie CaH,Ind * (ving— cam, lg $'=2,6), CaH aInd (d6 ~ cam, lg p'= 3,6), va
CaHy,Ind ™ (do, lg f'= 5,0). Phit hgp v61 hinh 10.9 su thay ddi d6t ngét mau chia dung

dich nhén thay ¢ pH > 10. Trong nhiing trudng hgp nay khi pCa > 3,5 mau chuyén
tir do sang xanh tim.

pCa

6 | —

pH

Hinh 10.9. Gian d6 phan b dé&i vdi dung dich murexid khi ¢6 ion calci
1-H Jnd", d0-tim; 4- CaH ,Ind *, vang- cam;
2-Hlnd 7, tim;  5- CaH ,Ind, dd — cam:;
3- H,Ind ¥, xanh — tim; 6- CaH,Ilnd ", d6.
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2.6.2. Cdc chi thi kim loai

26.2.1. Coché&

Cac chi thi kim loai 12 cac chit hitu co ¢ khi nang tao phic mau véi ion kim
loai. Cac phiic nay kém bén hon phite clia ion kim loai véi complexon. Mau ctia chi
thi khi tao phitc véi ion kim loai khac véi mau ctia chi thi d dang tu do. Gan diém

tuong dudng complexon 14y kim loai & chi thi giai phéng chi thi ra dang ty do nén
dung dich thay déi mau, béao cho ta bist két thiic dinh lugng.

Thi du: dinh lugng Ca*" véi chi thi murexid, pH=9 - 11
Ca** +H,I” 5 CaH,l” +2H*
{Po tim) (bo)
Khi nho complexon xudng:
Ca® + HY? 5 CaY? + H*
Gan diém tuong duong ¢6 sy canh tranh tao phiic
CaH,I +HY* 5 CaY¥ + H,I*
bo Tim
Cac diéu kién d6i vai chit chi thi kim loai

Phén ting tao phitc véi ion kim loai 1a phan tng thuan nghich va mau cha
dang tu do phai khac v6i mau cha dang phiic

M™ +  Ind"™ 5  MInd®™W

Khéng mau Mau 1 Mau 2
Ca™ + H.1* 5 CaH,I + 2H"
Khéng mau tim Héng @b

Phite cua chi thi véi kim loai phai kém bén hon phiic cia complexon véi kim loai.
Mind @™ + Y 5 MY®™ +Ind™"
2CaH,I™ + 2H,Y* & 2CaY? + 2H,1* + 2H"
Héng dé Tim, pH=9->11
Thudng cac chi thi kim loai déng thdi ciing 12 acid da chite, nén mau cta chi
thi thay déi theo pH ctia dung dich, khi s dung ta phai ¢§ dinh pH cta dung dich

bing cic hé dém thich hop dé phan Ung xay ra nhanh, hoan toian vaA mau cda chi
thi tu do khéac v6i mau ctia phiic.

Héng s6 tao phitc chia cic chi thi nhu den eriocrom T, murexid véi mot s6 ion
kim leai dude trinh bay ¢ bang 10.4; 10.5.
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Bdng 10.4. Hing s& tao phuc {Ig Ky;ng) clla NET

M Hang sé Ig Ky Ig Ky

Ba* Bal 3.0 7,76 |

Ca* CalL 54 10,7

Mg2* Mgl 7,0 8,70

Mn?* MnL96 MnL, 17,6 13,79

Zn% ZnL 129 ZnL, 20,0 16,5

Bang 10.5. Hang sé tao phitc {Ig Kying) clia Murexid

M2 Hang s6 19 Kying tg Ky ]
B Ca* CalL 5,0; CaHL 14,5; CaM,L 22,7 10,7

Cu® CuH,L 25,1 18,80

NiZ NiH,L 24,1 18,62

Ngudi ta cé thé tinh ving chuyén mau ctha chi thi dya vao hang sé tao phite
cua céc chi thi véi ion kim loai.

Thi dy: Tinh khoéng chuyén mau ca den eriocrom T & pH = 10 khi chuin do

Mg“". Néu 1gKyyq= 7,0; Gina = 3,1. 1072 oy, 12 ham tao phiic phu cua chi thi.

Ta biét khodng gidi han mau ctia chi thi la:

pPM =1gK'ypnq £1

ng'MInd = lg Kmind-&ind = ]-g 107 311 10_2: 5:5

Nhu vay, ¢ pH = 10 khi chudn dé Mg®* mau cia chi thi thay déi trong khoang:

pMg = 5,5 £ 1; tidc 14 trong khoang 4,5 — 6,5. Qua khao st duong cong chuin
dé ctia Mg** budc nhay trén dudng cong chudn dd vdi sai s6 1% 1a 4 — 5,8, vi vay 6
thé diing chi thi den eriocrom T trong chu#n d6 nay.

Véi cach tinh tudng ty khi chuan d§ Ca®* véi chi thi nay Ky, = 5,4) ta ¢6

pCa = 3,9 + 1; tiic 1a khoang chuyén mau ctla den eriocrom T la 2.9

— 4,9, budc

nhay trén duong cong chuin d6 da khéo sat 12 4,3 — 8,54 nén ding den ericcrom T

cho chuan d6 Ca®" s& mée sai s8 1dn.

Chi thi murexid thudng ding cho chuin d6 Ca®" & pH > 10, tinh tuong ty nhu
chi thi den eriocrom T, ta c6 khoang chuyén mau pCa = 6,1 + 1; tic la khoang
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chuyén mau cha murexid 1a 5,1 — 7,1, budc nhay trén dudng cong chuin &6 da
khao sat 1a 4,3 — 8,54 nén ¢ thé dung murexid cho chuin a6 Ca?".

Cac chi thi thudng dung

Den eriocrom T (NET) Czt.,HwOTNBS. Ky hiéu H,In

OH

NO4

OH

Chi thi nay la mgt acid ba nac, nic mét phan ly kha manh (nhém HSO,). Su
phén ly nic hail va nic ba nhit sau:

H,, s H'+HL* &
bé Xanh

2H* +1,%
Vang cam

o pH = 7— 10 chi thi ¢6 mau xanh (HI,?") va tao phiic véi Ca®, Mg?", Ba®*,...
¢6 mau do vang,

Murexid (amoni purpurat) CgHgOgNH,0. Ky hidu H,I”

"9 no
NS AN NH,"
O:C\ /C-*N:C\ /C
N—C C—N
i
Murexid phan ly nhu sau
HI s H+H]JI¥ 5 2H" + H,I*"
bd tim Tim Xanh

G pH = 9-511. Murexid ¢6 mau tim (H,IZ) v tao phic véi Ca®* 6 mau dd
(CaH,I).

Murexid va Den eriocrom T dé€u kém bén trong dung dich nén thuong khéng
pha dung dich sfin ma dung & dang rén (nghién trén véi NaCl).
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Kxilen da cam, Kxilen da cam la ch&t mau hitu cg day triphenylmetanic.
Ch4t chi thi ¢6 mau vang. Trong mbi truong acid 6 pH nhd hon 7, né da tao véi cac
ion kim loai (Zn?* , Th(IV), Zr(IV} v.v.. phiic chdt mau dé. Cac cation dudc xac dinh
bang chuin dé6 EDTA véi chi thi kxilen da cam la Fe**(pH = 1-1,5), Zr*'(pH = 1-2),
Bi*"(pH = 2-3,5), Zn**(pH =5-6)...

Kxilen da cam 1a 3,3~ bi [ di{cachoximetyl) — aminometyl]- o~krenzolsunfophtalein:

HOOCH,C CH,COOH
N—CH, HZC—N
HOOCH,C
tia.2 CHchOH
HaC I
SO4H

Crom xanh den acid. Crom xanh den acid 14 chat mau azo hitu co:

o
¢l H NHCOGH,3
QﬁNN
ci cl

SOgNa

Chat chi thi ¢6 mau xanh. Trong méi trudng kidm né tao vdi cac cation kim
loai phite chat mau dé nho. Nguoi ta ding né khi chuén dé bing cac dung dich
complexcon cac cation kém, cadmi (pH = 9-10), mangan (pH= 10), magnest
(pH = 10-11), calci (pH > 12), ...

PAN
PAN 1i tén tat cua 1-(2-piridinazo) naphtol-2 c6 cong thiic cfu tao 1a:

N—/N

HG
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PAN duge dung lam chat chi thi dé chudn d% truc tidp nhiéu ion. Né tao phiic
mau dd héng hodc tim, tim dé véi nhidu ion kim loai. Trong khoang pH kh4 réng
chat chi thi ty do ¢6 mau vang.

~Vdi Bi*": dung dich HNO, c¢6 pH =1-3 chat chi thi doi mau tir hdng sang vang
lye.

— Véi Cd*": pH =5 - 6 diing dém acetat, chit chi thi d6i mau tit héng sang
vang.

~- Véi Cu®": pH =3 - 5 dang dém acetat, cAn dun t6i 70— 8 0°C. Chit chi thi d6i
mau tir tim sang vang.

— Véi Zn*": Dung dich ¢6 pH khoéng 4 — 6 ding dém acetat, chat chi thi déi
mau tl dd sang vang.

PAR

PAR la tén tdt cita 4— (2—piridinazo)- resorcin c6 cbng thilc cdu tao la:
OH
X

P N=—/N

N

OH
4-(Pyridin-2-ylazo)-benzene-1,3-diol

Chat chi thi nay tao phitc mau dé hoic dé nho véi nhiéu ion kim loai trong
khoang pH rit rong tii 1-11,5. Chat chi thi tu do ¢6 mau vang nén khi chudn d6

truc tiép cAc ion kim loai mau cta dung dich sé chuyén tif d6 nho sang mau vang.
Thi du:

Véi Bi*": pH =1-3, dung dich HNO,.
Cu®" pH =5, dung dich dém acetat.
pH = 6, dung dich dém urotropin.
pH = 11,5, dung dich dém amoniac.
Zn*": pH = 5 — 11,5 dung dich dém urotropin (pH = 5) hoac dém
amoniac (pH = 11,5).
2.7. Sai 56 chudn do
Trong cac trudng hgp chung, sai 86 chuan dé c¢6 thé dé& dang tim néu biét néng
dd chung ctia ion kim loai hay EDTA & diém két thdc chuén d6, lugng ion chudn 46
%, Néu diém két thic chudn d6 dat

f va hing s bén diéu kién ctia phitc MY® -
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s6m hdn diém tuong ducng thi ndng dé chung ctia ion kim loai sau khi loai bé
tl"OIlg phf)’c MY(n Ras b?lng: C,M =C O,M (1_f) + C‘Y

PN : C
Gia thiét rang [MY] = C g u, suy ra: C, = __“_Q_M_
’ KMy X CM

Sau khi dat gia tri Cy va bién doi ta cé:

(1-f)=m 1
CO,M CMXK'MY

Sai s6 chudn d6 biéu thi bdng phan tram %:
% SS=(1-1)x 100

Néu nhu diém két thic chudn dd dén sau diém tuong duong Com = Coy, nbng
dé chung ctia phin khéng tao phite EDTA tinh theo céng thic:
Cy=Cou-1D+C'y
bat gia tri 'y vao biéu thic cua hang s6 ben dieu kién: K'yyy = ———— va
C'm xCly
tinh rang [MY]=Coy, sau khi bién d6i c6 % SS=(f-1)x100=

:[I L - | 100
CMKMY Co,M

2.8. Cac ky thuat chuin do bing dung dich EDTA

Chuén d6 thing {(chuin dé truc tiép)

Phin 18n céc ion kim loai (khodng 30) ¢6 thé chudn dé thing bing dung dich
EDTA véi sut ¢6 mat ciia chi thi kim loai. Khi logarit cua héng s6 bén didu kién.

Alg K'=1gK'"y v —1gK'y,y khac nhan trong khoang 4 don vi, cé thé lién tiép
x4ac dinh vai nguyén t& trong dung dich. Trong trudng hdp nay can thiét sii dung
hai chi thi kim loai cho mdi mot ion ctia minh. Thuyc t& day 1a diéu kién khé thuc
hién vi su khdc nhau mét it hidu ing mau (hai chi thi kim loai va hai phiie véi
chung), vi vay tinh chon loc cua chuén 46 complexon tang bang cach tach ra hay
che cac chit can trd. Phudng phap don gian che 1a thuc hién trong su thiét lap tinh
acid tuong ung cua dung dich chuén dé. Thi du Fe*", Th''chuin dé trong méi
truong acid pH = 2, ion 2 dién tich & diéu kién nay thuc t& khong can trd. Trén
hinh 10.8 ching minh rang trong gia tri pH t&1 thiéu ¢6 thé d& dang chuan dé cac
1on kim loai.
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Phuong phap che bing cich tao phue véi cac chat tao phiic la duge st dung
rong rdi. Trong nhém nay thi du nhu céc ion florid, pirophotphat, citrat,
triethanolamin... Phuong phap che cé thé thay déi mic do oxy hod cua nguyén t§
xac dinh hay nguyén t& can trg. M6t s6 thi du trinh bay 6 bang 10. 3.

Bang 10.3. Phuong phap che nhé cac chat
tao phirc khi chuin d& mét s& ion kim loai biing dung dich EDTA

lon kim loai Chi thi kim loai Chat che lon khéng can trd xac dinh
xac dinh
Zn (i) Cd(ih) 1-(2-Piridinazo)- Fluorid ion, pH 5-6 ; Ca(ll), Mg(ll), Mn{1l),
naphtol-2 Fe(lll), Sn(IV), Th IV)
Pb {I) 4—(2-Piridinazo)- Triethanolamin, Cu(ln), Niflly, Co(l1y, Zn(Ity, Cd(ID,
resorcin cyanid, tartration, | AI{II), Fe(lll), Bi¢}1), Sn(tv)
pH 10
Mo (VI) 1--{2- Piridinazo)- Tartrat,fluorid ion, Ti(IV}, Lallly, Ce(llN),
naphtol-2 pH4-5 Thiv), Al(ill).

2.8.2. Chudn dé ngugc

Dua trén nguyén tic cho mét luong du EDTA va sau dé xac dinh lugng du,
thue hién trong nhiing trusng hop khi phan ting tao phitc véi EDTA xay ra cham
hay khong c6 chi thi thich hgp dé xac dinh diém két thiic. Thi du phiic caa Cr®*
dong hoc tro, do dé phic véi EDTA duge tao thanh rat cham. Sau khi cho lugng
thta EDTA va dun néng dé€ crom két hop hoan toan thanh complexonat. Tién
hanh chuin 46 du EDTA & gi4 tri t6i thidu pH (pH: 1,5 — 2) bang dung dich chuin
Fe (IIT) mé& khéng can chd y rang phiic FeY bén hon phtic CrY~ mdt bac. Phan
ing trao déi CrY + Fe®* - FeY + Cr®* xdy ra sau thdi gian, can thiét d&i véi
chuan d§, thuc té khong xay ra.

Phuong phéap chuin dd ngude tién 1gi han khi xac dinh céac ion kim loal ¢6 mat
cac anion ma no tao véi ion kim loai cin xac ding 14 hgp chit it tan. Thi du nhu cé
thé xac dinh Pb% khi c6 sut hién dién cia SO%; x4c dinh Mg®" khi ¢6 ion POZ-
EDTA ngin can sy tao tua. Lya chon ion kim loai d6i véi chudn dé thua EDTA
trong phucng phap chuin 46 nguge chi ¥ hai diéu kién: hai ion nay cén tao phte
chat ¢6 mau v6i chi thi kim loai; hing s8 bén diéu kién ciia phttc véi EDTA can
phai thdp hon cta phitc EDTA véi ion cdn xac dinh, nhung khéng dude thap hon
K =10°
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2.8.3. Chudn dé gién tiép

Phuong phap ndy diing dé xac dinh cic nguyén t8, anion khdng tao phiic vdi
EDTA. Khi x4c dinh cac anion nhu sunfit, sunfat, phosphat... Tao tia chung bing
lugng du dung dich chuén ctia mét ion kim loai nao 46, tia duge tach ra va trong
dich loc chuin dé bing dung dich EDTA, lugng thira ciia ion kim loai, khéng tao
tta v6l lon cin x4c dinh (anion). Cé thé tién hanh sy x4c dinh céc ion theo ludng
thita ctia ion khéac, ma xac dinh bing chuin dé tao phiic sau khi hoa tan tia vao
nhiing ion xac dinh va chuin dd vao thanh phan 46 8 mét lugng tinh thich hop.

Thi du: Dinh higng SOE_ , ké&t tia anion bang mét thude thit chita cation thich
hgp: cho du BaCl,

Ba®" + S0%~ - BaSO,{

Sau dé dinh lugng cation cdn lai trong nudée loc, nuée ria, hoac loc riia tta réi
hoa tan ttia trong EDTA du, dinh lugng EDTA cén lai bang MgSO, hoac ZnSO,.

2.8.4. Chudn dé thé

Dua trén phan Gng ma trong d6 ion cAn xac dinh cla kim loai M; ""thay thé
ion ctta kim loai M,"" ma né kém bén hdn phiic véi EDTA

M‘Ln+ + M2Y(fi—m)—' N MlY(+_n) + M2m+

Ion thay thé€ clua kim loai M,™ vé lugng tuong duong (duong lugng) véi M,
chuin d6 bang dung dich EDTA véi su ¢6 mét cta chi thi kim loai thich hgp.

Thi du: Dya trén cd sd Mg tao phiic véi complexon phic chit kém bén
(pK = 8,7) so v6i da s6 cac cation khac (Ca*", pK = 10,7). P& dinh ludng Ca*, ta

thém MgY> vao dung dich r6i chufin d6 Mg®* bi diy ra bing dung dich chuin
EDTA.

Ca?t + MgY? S CaY? + Mg**
Mgt + HY?* 5 MgY?® + HY
Thira

Tu chnplcxon Suy ra Cag+ cé trong mau.

2.9, Dung dich chuin diung trong phuong phap complexon
2.9.1. Pha dung dich chudn complexon IIT
—Trudng hgp c6 complexon tinh khiét hoa hoc: ¢dn mét lugng chinh xac

complexon, pha trong nudc véi thé tich xac dinh.
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~ Trudng hdp khéng c6 complexon tinh khiét, pha dung dich cé ndng dd xap xi,
sau d6 x4c dinh lai ndng d6.

2.9.2, Xdc dinh néng dé complexon III

D& xac dinh noéng dd complexon ngudi ta dung calci cacbonat tinh khigt hoa
hoe, ZnO tinh khiét hoa hoc hay MgO tinh khit hoa hoc. Hoa tan mét lugng cAn
chinh xéc da tinh trude cha cac chit dé trong mét it acid (méu 1a CaCO,, MgO hoa
trong HCI tinh khiét, néu 12 ZnO héa trong H,SO, tinh khiét), sau d6 cho nude
dén thé tich x4c dinh. Chuin d6 dung dich complexon bang cac dung dich via pha
nhw CaCly, MgCl,, ZnSO, véi cac chi thi thich hap.

2.10. Ung dung cta phuong phap complexon
2.10.1. Pinh luong Ca**

Phuong phap complexon x4c¢ dinh calci dya trén phuong phap chudn dé truc
tiép céc ion clia né bing dung dich chdn EDTA véi chat chi thi murexit hay crom
xanh den acid. Chét chi thi tao véi ion calci phitc chat mau d3. Khi chusn d6 bing
EDTA, & diém tuong duong mau dé chuyén sang mau dic trung cha chat chi thi ty
do.

Khi chuin d6 musdi calci bing EDTA, xay ra su tao phic CaY 2™ va acid:

Ca**+H,Y* 5 CaY? +2H"

Phitic tao thanh CaY %" tuong d&i khong bén:

2+ 4-
Y
[Ca™ ] {2 1 _g401
[CaY*“]

Dinh lugng calci tién hanh 6 méi trudng kiém manh pH 2 11

2.10.2. Xdc dinh dé citng cua nude

D5 citng cita nudc duge biéu thi biing s6 mili dudng lugng gam canxi va magne
trong 1 lit nude.

D9 cling toan phin cta nude 1a tdng muébi calei vaA magnesi tan trong nudce. Co
thé x4c dinh dd cting toan phan bing complexon III véi chi thi den eriocrom T.

Ldy mau nudc can dinh lugng, cho thém chi thi den eriocrom T & pH = 10, chi
thi s& tao phiic mau dd vang véi mdt phAn Mg®" trong mau. Khi nhéd EDTA vao,
EDTA sé phan dng véi Ca®" tu do, sau d6 véi Mg®* tu do (vi phitc CaY? bén hon
phtc MgY?), dén diém tuong duong EDTA sé pha phite cla chi thi vai Mg?*, giai
phéng ra chi thi tu do ¢6 mau xanh.
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2.10.3. Dinh luong Fe’*

Trong méi truong acid (pH: 2 — 3), EDTA tac dung véi Fe®" tao phite ¢6 mau
vang nhat FeY . Néu dung chi thi 12 acid salicylic hay acid sulfosalicylic 6 pH d6
né tac dung véi Fe® tao thanh phitc c6 mau tim d3. Trong diéu kién nay Al*,
Ca?, va Mg® khéng can trd viée xac dinh Fe®'. Tai diém tudng ducng mit mau
tim do6 va dung dich ¢6 mau vang nhat.

2.10.4. Dinh lugng Ba™ : (theo phuong phdp chudn dé nguoc)
Cho Ba®' cén dinh lugng tac dung véi mét lugng du chinh xac EDTA. Dinh
lugng EDTA du bing dung dich Mg?*.
2.10.5. Dinh lugng SOF : (phuong phdp gidn tiép)
Cho BaCl, du dé két tha hoan toan SO2-
Ba?"+ 802~ S BaSO, Y

Dinh lugng Ba®" con lai bing complexon IT1. D& quan sat d& dang su chuyén
mau cua chi thi, thém vao dung dich mdt lugng Mg®* nh4at dinh va qué trinh dinh
lugng dude ti€n hanh hoan toin tuong tu nhu dinh lugng dé ciing todn phan
cua nude.

2.10.6. Dung trong phan tich dung cu

Phép so mau, do quang.

TU KHOA
— Phiic chit — Hang s8 tao phiic
— Phiic chit cdng - Hing s8 bén diéu kién
- Phiic chidt ndi — Complexon
— Hing s4 khong bén — Chi thi kim loai

CAU HOI LUONG GIA

1. Néu dinh nghia phiic chét, phic chat céng, néi phiic, cho thi du minh hoa.

2. Phan tich ¥ nghia ctia hang s tao phiitc, hing s6 khong bén cua phite, hing
s0 bén didu kién.
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3. Trinh bay phén loai ctia chi thi dung trong phudng phap tao phiic.
4. Néu cac yéu ciu cua chi thi kim loai.

5. Trinh bay ¥ nghia ctia hing s6 bén diéu kién.

6. Hay phén tich 4nh hudng cia pH dén cén bing tao phiie.

7. Lam thé nao dé tang tinh chon loc clia chusn dé tao phiic?

8. Trinh bay tng dung ctia phan tng tao phiic trong phén tich.

9. Néu nguyén téc ctia phuong phap complexon, giai thich duong ludng cta ion

kim loai trong phuong phap complexon?

10. Dinh nghia complexon. Néu tinh tao phitc cua complexon II1.
11. Trinh bay cac phuong phap phat hién diém két thic chuin ds.

12, Néu cd ché chuyén mau ctia chi thi kim loai; Tén céc chi thi thudng dung

trong phudng phap complexon.

13. Trinh bay cac k¥ thuat chuén d6 bing complexon.

~ Chuén d6 thing. ~ Chuan db thé.
~ Chudn d6 gian tiép. ~ Chuan ngugc.

14. Néu ting dung ctia chuén d¢ complexon trong phén tich.

CAU HOI TRAC NGHIEM

1. Phue chat 1a nhitng hgp chit phan td duge tao thanh do........... ndil véi cac
phdi ti .
a. mot 1on
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b. mét cation

c. mdt kim loai

d. mét vai ton kim loai

e.moét nguyén ti

2. Tinh chit diic trung cta ndi phie lé_
a. mau dic trung

b. d6 bén cao

¢. dd tan trong dung méi hitu ¢g 16n

d. tdt ca cac cAu trén ding

e. khéng cau nao diing



3. Complexon IIT 1a

a. dan xu#t clia acid aminopolycarboxilic

b. acid nitril triacetic

c. acid etylen diamin tetraacetic

d. mudi dinatri clia etylen diamin tetraacetic

e. cac hop chat hitu co
4. ( pH 4 -6 EDTA phan ly & dang:

a. H;Y" c. HyY® e. Y

b. H.Y d. HY®

5. Chi thi kim loai 14 chi thi lam thay d&i mau phu thuée vao

a. hiang s6 bén ciia complexonat d. néng d6 cua EDTA

b. hiang s6 bén diéu kién ctia chi thi e. nong dé cia ion kim loai

¢. dang phan ly cua EDTA
6. Dinh lugng Fe**bang phudng phap comlexon dung chi thi
a. den eriocrom T c. kxilen dacam e. acid salicylic

b. murexit d. crom xanh den acid

7. Dinh lugng Ca®" véi chi thi murexit thuc hién 8 méi trudng

a.pH > 12 c. pH=9-11 e.pH=7
b. pH =7-8 d.pH<3

8. Chi thi den eriocrom T 6 pH = 6,3 -11,2 ¢6 mau

a. xanh c. vang cam e. do cam
b. do d. tim

9. Chi thi dung & dang rin

a. den eriocrom T c. acad salicylic e. cau a,b,c
b. murexit d. cdu a,b

10. Dinh lugng Ba*" bing phuong phap complexon ding k§ thuit chuin dé
a. truc tiép c. nguge e. gian tiép — thira trix
b. thé d. gian tiép
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DAP AN CAU HOI TRAC NGHIEM

Cau
Chuong
2 3 4 5 6 7 10

1 c e d d

2 a e d a

3 c c c d b e b
4 e a a c a a

5 e b a e b e

6 d a e

7 b e c e c e e
8 c e c d a b e
9 a b b a e a b
10 d d c e e c c
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Tai liéu trén mang

Martindale's the "virtual” ~ chemistry center. Analytical chemistry
http://www.martindalecenter.com/gradchemistry_4 a html

A Redox titration,

HTTP.// WWW.NVCC.EDU/ALEXANDRIA/SCIENCE/REDOX2. HTMI

HTTP./ WWW . MARTINDALECENTER.COM/GRADCHEMISTRY 4 A HTML -
Martindale's the "virtual” ~ chemistry center .

Analytical chemistry. http://www.shodor.org/lUNChem/basic/ab/
Acid — base chemistry.

http://www.usoe k12.ut.u s/CURR/Science/sciber(0/8th/matter/sciber/chemtype
Jhtm

Four basic types of chemical reactions
HTTP://WWW.CHEM.VT.EDU/RVGS/ACT/NOTES/TYPES OF  EQUATIONS.HTML

http://'www.stetson.edu/~wgrubbs/datadriven/activitieswtg/activitieshydrogen
wtg.html

wgrubbs@stetson.edu - Activities of hydrogen ion from pH measurements

http://www science.uwaterloo.ca/~cchieh/cact/applychem/reactivity.html
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[Q €O SO Li THUYET HOA HOC PHAN |

Nguyén Pinh Chi
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Vi Bing D6
[0 HOA HOC CAC HOP CHAT DI VONG

Nguyén Minh Thdo
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Tréan Van Nhén
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\ Vi Bang D6 }

Ban doc ¢6 thé mua tai céac Cong 1y Sach - Thiét bi iritong hoc d cdc dia phicong

hode cde Cria hang sdch ciua Nha xudt ban Gide duc -

Tai Ha Ni : 25 Han Thuyén : 187B Giang V& ; 232 Tay Son : 23 Trang Tién ;

Tai D& Nang : SO 15 Nguyén Chi Thanh ; 86 62 Nguyén Chi Thanh

Tai Thanh phé H Chi Minh : Clia hang 4518 - 453, Hai Ba Trung, Quén 3 ;
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Tai Thanh phd Can Tho : S6 573, dutg 30/4 :
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