PHAN B: PHAN TiCH PINH LUQNG

I. CAC PHUONG PHAP PHAN TiCH HOA HQC

Phuong phap phén tich hoa hoc cb dién c6 hai phuong phap thong dung la phan tich
thé tich va phan tich khéi luong. Phuong Jphap phan tich khéi lwong c6 do chinh xac cao
nhung thoi gian can dai va ham lugng chat cin phan tich phai tuong ddi 16n nén bi nhiéu
han ché.

Phuong phap phén tich thé tich vira don gian vira nhanh, khoang ham luong cta
phuong phap tuong d6i rong va nhiéu trudng hop do chinh xac khong kém phuong phap
phan tich khdi lugng vi vy dugc ap dung nhiéu trong nghién ctru ciing nhu san xuét.

~Chuong 8 o
PHUONG PHAP PHAN TICH THE TICH

8.1. Pai cwong vé phan tich thé tich
8.1.1. Nguyén tic ciia phwong phap phan tich thé tich

Phuong phéap nay xac dinh ham luong cac chit theo thé tich dung dich thudc thir da
biét ndng d6 chinh xéac (goi 14 dung dich chuan) duoc thém tir buret vao mot thé tich xac
dinh dung dich chat dinh phéan sao cho phan tng vira du v6i nhau theo phan tng:

A+B—-C+D

Vi du: ta c6 mot dung dich axit HCI da biét né)ng do goi la dung dich chuan, duoc
dung dé xac dinh néng do cua mot dung dich NaOH goi 1a dung dich chét can xéac dinh
bang phan Gng trung hoa giita hai chit:

HCl + NaOH — NacCl + H.O

Qua trinh d6 dugc thyc hién nhu sau: dung mot dng hut chia do (goi 13 pipét) hut
mdt thé tich xac dinh dung dich NaOH cho vao binh tam giac (hinh nén); cho dung dich
chuin HCI vao mét 6ng chudn do nho giot (goi 13 burét) sau d6 nho tir tir dung dich chudn
vao dung dich chét can xéc dinh — qua trinh nay goi la su chuin do hay su dinh phan.

O diém trong duong, tuc la thoi diém ta dd thém mot luong dung dich chuén tuong
duong voi lugng chat can xac dinh theo phuong trinh phan ng, ta dung su chuén do. Po
thé tich dung dich chuén d3 dung dé chuan do va tinh két qua tir do.

Dé nhén ra diém twong duong va két thic sy chuan do dung lac ngudi ta thudng sir
dung chat chi thi mau 1 chat c6 kha nang thay doi mau dot ngot & 1an can diém tuong
duong gitip ta dimg chuan d6 dang lac va khong cho thira dung dich chuan.

Toém lai, phan tich thé tich dua trén su do chinh xac thé tich dung dich chuan & diém
tuong duong khi tic dung vi mot thé tich xac dinh ciia dung dich chat can phan tich. Tur
cac dai lugng da biét: n6ng doé dung dich chuan, thé tich dung dich chuan va thé tich chat
can xac dinh ta s& suy ra néng d6 chat can xac dinh nho dinh luat duong luong.

8.1.2. Cac yéu cau doi véi cac phan ving dung trong phén tich thé tich

Céc phan mg dung trong phan tich thé tich thoa man cac yéu cau sau:

1. Chét can xac dinh phai tic dung hoan toan véi dung dich chuin theo mot phuong
trinh phan g xac dinh, tirc 1a theo mot hé sb ty luong nhat dinh (c6 nhu vay moi tinh
toan duoc két qua).

2. Phan tng chuan d6 phai dién ra rat nhanh va chon loc. Trén thuc t& mot sd phan
mg xay ra cham (phan (g tao két tia, dic biét trong dung dich loang, phan tng oxi hoa
— khir) nguoi ta thudng phai thay doi mot s yéu to ¢ loi cho viéc ting toc do phan tmg
nhu thém ruou dé 1am tang tbc d0 xuat hién két tua, thém chat xtc tac hodc thay dbi nhiét
d6 dé 1am tiang toc d6 cac phan (mg oxi héa — khir.
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Phan tng phai chon loc tirc 1a thude thir chi tac dung véi chat can phan tich cha
khong tac dung véi cac chat khac c6 1an trong dung dich phan tich.

3. Phai c6 chét chi thi thich hgp cho phép xéac dinh twong ddi chinh x4c diém twong
duong.

Do nhimng yéu cau chit ch& ndi trén, nén tuy sd luong cac phan tmg héa hoc rat
nhiéu, nhung chi c6 mot sé han ché cac phan tmg duoc ding trong phan tich thé tich.

8.1.3. Phin loai cac phwong phap phén tich thé tich

Co hai cach phan loai cac phuong phap phan tich thé tich:
8.1.3.1. Phén loai theo bén chit ciia phdn g chudn d¢

Theo céach nay ta chia lam 4 phuong phap:

a. Phwong phap axit — bazo (phwong phap trung hoa)

Dua vao cac phan mg trao ddi proton gilta cac axit, bazo. Phuong phap nay dugc
str dung dé xac dinh céc axit, cac bazo va cac chat khac co lién quan dén can bang axit-
bazo trong dung dich.

b. Phwong phap oxy hoa - khu

Su dung phan tung oxy hoa - khur dé xac dinh nhiéu nguyén té dic biét 13 cac nguyén
t6 chuyén tiép va ca mot sd chat hitu co. Phuong phap nay con chia ra thanh cac phuong
phap c¢6 tén dat theo tén cua dung dich chuén, vi du:

- Dung dich chuin 13 KMnOa: Phuong phap pemanganat

- Dung dich chuan 1a K>Cr,07: Phuong phap bicromat

- Dung dich chuin 13 hé 1> - Na;S;03: phuwong phép iot — thiosunfat

- Dung dich chuan 1a KBrOs: Phuong phap bromat
c. Phuwong phap tao phuc

Dua vao cac phan tng tao thanh phirc chit trong dung dich dé xac dinh hodc ion
trung tdm hodc ndéng d6 dung dich phdi t. Quan trong nhét 13 dung dich chudn EDTA
hodc cac dan xuét ciia n6 dé xac dinh céc cation kim loai va phuwong phap nay co tén 1a
phuong phap complexon.

d. Phirong phdp két tia

Dua va cac phan ung tao thanh két tua trong dung dich dé xac dinh céc ion thanh
phan cua két taa.
8.1.3.2. Phan logi theo cich xdc dinh diém twong dwong
a. Cac phuwong phap hoa hoc

Duya vao su thay ddi tin hiéu cua chat chi thi ¢ diém twong duong ma két thuc dinh
phan (mau séc, xuat hién két tua,...)

b. Cac phuong phap héa ly

Dua véo su thay doi mot tinh chét vat 1y nao d6 ciia dung dich & diém tuong duong
ma két thuc dinh phan, vi du:

- Thay doi cudng do mau ciia dung dich — chuan do so mau

- Thay d6i cuong do dong qua dung dich — chuan d¢ ampe

- Thay ddi thé — chuan do do thé.

8.1.4. C4c cach chuan dd
Trong phan tich the tich, nguoi ta thuong ding cac cach chuan do sau:
8.1.4.1. Chudn dé truc tiép
Céach chuan do nay duoc tién hanh nhu sau:
Nho tryc tiép dung dich chuan thude thir R vao dung dich chat can phan tich X s&
xdy ra phan ung, gia su:
R+X — RX
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Dua vao thé tich dung dich chuan va néng dd cta n6 dé tinh ham lugng cua chat X.
8.1.4.2. Chudn dé ngwoc

Céch chuan d6 nay dugc dung trong truong hop phan tng gitra R va X xay ra cham
hodc khong tim dugc chat chi thi thich hop dé x4c dinh diém tuong duong,

Nguyén tic ctia cach chuan do nay nhu sau: Thém mot luong chinh xac va du dung
dich chuén R vao dung dich chét can phan tich X, tao moi diéu kién dé R phan trng hoan
toan véi X. Sau d6 chudn do lugng thude thir du R bang dung dich chudn A thich hop. Dua
vao thé tich va ndng d6 cua cac dung dich chuan R va A dé tinh ham luong cta chit X.
8.1.4.3. Chudn dp thay thé (con goi la chudn dé ddy)

Nguyén tic ctia cach chuan d6 nay nhu sau: Cho chit can phén tich X tac dung véi
chat MY thich hop dé thuc hién phan tng day:

MY +X - MX+Y

Sau d6 chuan d6 Y béng mot dung dich chuan R thich hop. Dya vao thé tich va
ndng d6 cua dung dich chuan R dé tinh ham luong cua chat X. Cach chuan do nay chi dung
khi khong c6 phan g hogc chat chi thi thich hgp cho viéc chuan d6 truc tiép chat X.
8.1.4.4. Chuin dj gian tiép

Nguyén tic ctiia cach chuin d6 nay nhu sau: Chuyén chat can xac dinh X vao hop
chit chira mot ion hodc mot nguyén t6 ¢6 thé xac dinh truc tiép béng thudc thir va chat chi
thi thich hop.

8.1.5. Cac dung dich chuén va phwong phap chuin héa trong phan tich thé tich

Pé tién hanh chuin d6 bat budc phai c6 cac dung dich chuan c6 néng do da biét
chinh xac.

C6 thé diéu ché cac dung dich chuan tir mot sé chat chuan gdc 1a nhitng chat nguyén
chat, thuong 1 chit rin (luong tap chat khong duoc vuot qua 0,01 — 0,02%, d& tinh ché,
dé bao quan, khong hat am, bén, c6 thanh phan tmg ding coéng thirc va c6 khdi lugng
duong luong 16n. Mot sb chat chuan gdc thuong gip 1a borax Na2B4O7. 10H,0; axit oxalic
H2C204 . 2H20; axit benzoic CeHsCOOH; AgN03; K2Cr20y,...

Trong trudng hop khong cd chit chuan gdc thich hop ngudi ta st dung cac chit
chuin phu c6 dd tinh khiét thép hon hodc khong thé can chinh xac duoc. Né)ng dd chat
chuin phu duogc thiét 1ap theo chit chuan géc. Vi du néng do dung dich chuén HCI dugc
thiét 1ap theo borax Na>B4O7. 10H20, néng do dung dich chuin NaOH duoc thiét 1ap theo
axit oxalic H2C204 . 2H20 hoac axit benzoic CsHsCOOH,...

Viéc thiét 1ap nong d6 dung dich chuan (chuan héa) cé vai trd rat quan trong vi no
quyét dinh do chinh x4c cua phuong phap phan tich. Mudn viéc chuan hoa dat dugce do
chinh xac cao phai c¢6 cac diéu kién:

1. Phai c6 chat chuan gbc thich hop.

2. Khong lay luong can chét gbc qua it. Tot hon nén can timg lugng can riéng 1¢ va
chuan d6 truc tlep Néu d6 chinh xac cua phep can la 0,1mg thi lugng can t6i thiéu phai
14y 1a 200mg dé cho sai s6 nho hon 0,1%. Trong truong hgp chét gdc co duong lugng bé
thi thé tich dung dich chuan phu tiéu thu khi chuin do co thé qué 1on. Vi vay, ¢ day tot hon
1a nén pha cac dung dich chuan gbc c6 nong do chinh xéac va twong ddi 16n va sau dé lay
céc thé tich chinh x4c dung dich nay dé chuan do.

3. Khi chuan do phai tinh toan sao cho cac thé tich tiéu thu khi chuan do 1a khong
qua bé. Néu sai s6 khi doc trén buret ddi véi mdi phép chuan do 1a 0,03ml, muén dat dén
d6 chinh xac 0,1% thi thé tich tiéu thy khi chuan do phai 1a 30ml tré nén.

Dé giam sai s6 nén tranh thi kha ning chuan do tryc tiép va han ché viéc chuan do
nguoc.
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4. Nén cb gang chuin hoa bang cac chat chuan gbc va nén tranh chuan hoa bang
chat chudn phu vi nhu vdy s& lam ting sai s6 nén gip d6i. Chang han, dé chuan héa dung
dich HCI khong nén dung dung dich chuan NaOH ma nén dung chat gdc borax chang han.
Tuy nhién, dé tang do chinh xac nén kiém tra néng do cac dung dich chuan di duogc chuan
hoa doc lap.

Vi du, kiém tra néng do dung dich chuan HCI1 0,1M béng dung dich chuan NaOH
0,1M da duoc thiét 1ap mot cach ddc lap.

5. Mbi phép chuan hoa phai tién hanh it nhat 1a 3 thi nghiém song song, va cac két
quéa chuan hoa chi duoc sai khac nhau trong gigi han 0,1 — 0,2%.

8.2. Cac phwong phap chuin dd thé tich
8.2.1. Phwong phap chuin @) axit - bazo

Nguyén tic cua phuong phap la dya vao phan ung trao d6i proton. Do san phiam
cua phan Ung thuong 1a mudi va nude nén da so6 cac phan tng dung trong phuong phap
nay déu théa man diéu kién dé xac dinh néng do cua axit hoac bazo.

Trong qua trinh chuan d6 ndng d6 ion H* v OH" thay doi tirc 1 pH ctia dung dich
thay doi. Duong diéu dién sy bién thién pH vao luong axit hodc bazo dung dé chuan do
goi 1a dudng chuan do.

Pé tinh pH tai cac thoi diém chudn d6 ta can thiét phai thiét 1ap phwong trinh lién
hé gitra nong d6 ion H* vd OH" vao lugng axit hodc bazo da dugc chuan do goi 1a phuong
trinh dudng chan do.
8.2.1.1. Chiit chi thi axit — bazo
a. Khdi niém vé chat chi thi axit — bazo

Dé xac dinh diém tuong duong cta sy chuan do, ngudi ta sir dung cac chat ma mau
ctia chung thay d6i phu thudc vao pH cua dung dich. Cac chit ndy nguoi ta goi 13 cac chat
chi thi axit bazo hay chi thi pH.

Chét chi thi axit bazo thudng 1 nhitng axit (HInd) hay bazo hitu co yéu (IndOH),
dang axit va dang bazo ctia n6 c6 mau khac nhau, vi vy mau sédc cta chét chi thi thay doi
theo pH.

Thi dy, metyl da cam (axit 4 — dimetylaminoazo — benzen — 4 — sunfonic) 1a mot
axit yéu (ky hiéu 1a HInd), trong dung dich né phan ly theo phan tng:

Hind <= Ind + H*
mau do mau vang

Su thay d6i mau cta chat chi thi duoc giai thich theo cac thuyét:

1. Thuyét ion

Trong dung dich, cac chat chi thi phan ly theo phwong trinh:

Hind + H.O = Ind + H:O*
Ind® +H0 = Hind + OH"
Khi pH cta dung dich nay thay d6i tic [H+] thay cac can bang axit bazo s& chuyén
dich dang dong phan nay thanh dang dong phan kia va sic mau ciia chi thi s& thay doi.
2. Thuyét nhém mang mau
Theo thuyét nay, trong phan tir cac chét chi thi ¢ cac nhom mang mau, thi dy nhom:

Vi vay céc chat do co mau. Khi pH thay doi lam cau trac cia cac nhom mang mau
thay doi nén chat chi thi d6i mau. Trong phan tir cac chat chi thi con c6 nhiing nhom co
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tac dung lam cho mau chét chi thi ddm hon hodc twoi hon, nhitng nhém doé goi 1a cac nhom
tro mau nhu cac nhém —OH, -NH», —Cl,...

3. Thuyét ion - nhém mang mau

Thuyét nay két hop hai thuyét trén va giai thich dugc hau hét cac hién tuong do6i
mau cuia chat chi thi axit —bazo. Theo thuyét nay, khi chét chi thi cho hodc nhan proton thi
ciu tric cta nd thay doi. Vi dy:

Metyl da cam c6 thé ton tai trong dung dich & cac dang c6 ciu trac khac nhau tiy
theo pH cua dung dich nhu sau:

i — OH™
(CH3) M= =N—NH—( (805 ==
— H

dang axit (Hin) mau do

— [CH3}2NH—@—N=N—@—(503}_

dang bazo (Ind’) mau vang

b. Khodng déi mau cia chat chi thi
Tir ban chat ta thdy mau sic cta chi thi mau phu thudc vao pH cua dung dich. Bay
gi0 ta xét vé mat dinh luong su phu thudc do:
Gia st chi thi 13 axit hitu co yéu ta c6 cAn bang:
Hind <= Ind + H*

« _ [ma-Ju
[HInd]
e

[Ind"]

 HaypH=pK +Ig([Hnd] , ,

Biéu thtrc trén chinh la phuong trinh co ban cua chat chi thi trong d6 pK 1a chi so

cudng do chi thi. Phuong trinh nay cho thay khi pH thay d6i dan dén su thay doi ti so
[Ind "]

[HInd] song khong phai bat ky su thay d6i nao cia ti s6 ciing dan dén sy thay doi cia
mau sac cta chi thi ma mat ngudi c6 kha nang phan biét duoc. Thong thuong khi ¢6 hon
hop hai dang mau thi mat nguoi ta chi c6 thé nhan ra mau ciia mét dang khi ndong do cua
n6 16n hon dang kia gap 10 lan.

[Ind ]

Khi [#md] > 10 thi dung dich c6 mau dang Ind- wu thé, tire 1a pH > pK +1
[Ind ] 1

Khi [Fnd] <10 thi dung dich c6 mau dang HInd wu thé, tirc 1a pH < pK +1
Dodotaco: pK—1< pH < pK+1
Khoang d6i mau ciia chat chi thi axit — bazo 1a mot khoang gia tri pH ma khi pH
truot qua khoang d6 mau cuia chi thi doi tur dang no sang dang kia.
Tuy khoang d6i mau cuia chat chi thi axit — bazo dugc cong thirc hoa: pH =pK =+
1 song con tiy thudc dang mau cua timg chat chi thi ma khoang d6 c6 thé hep hon. Vi du
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chi thi metyl da cam c6 hai dang mau 1a d6 va vang kha nhay cam véi mat vi thé chi can
néng do dang no hon dang kia 4,5 lan tro 1én lata théy r0 mau cua dang chiém wu thé. pK
ctia bazo yéu nay 1a 3,75 do d6 khoang d6i mau 1a pH = 3,1- 4,4.

Ngoai ra trong khoang d6i mau nguoi ta ciing thudng chon mét gia tri pH ma tai
d6 chat chi thi d6i mau rd nhat. Gié tri d6 goi 1a chi s6 dinh phan cua chat chi thi va dugc

ki hiéu la pT.

Vi du: V61 metyl da cam pT =4
Vai phenolphtalein pT =9
Sau day 1a mdt so chi thi axit — bazo thong dung:

Badng 8-1. Mt s6 chat chi thi axit — bazo thuong ding

K, o oers Khoing pH Gia Mau cua Mau cua

Chat chi thi PK chuyéngnll)z‘lu tri pT | dang axit | dang bazo
Timol cham (néc 1) 1,7 1,2-28 2 do vang
Metyl da cam 3,7 31-44 4 do vang
Metyl do 51 4,4 6,2 5 do vang
Quy - 50-8,0 7 do xanh
Phenol do 8,0 6,4-8,0 7 vang do
Timol cham (nac 2) 9,2 8,0—9,6 8 vang cham
Phenol phtalein 9,2 8,0-10 9 khdong mau do
Bromcrezon do 6,4 52-6,8 vang do tia
Bromthimol xanh 7,3 6,2—-7,6 vang xanh
Bromcrezon xanh 4,9 4,0-5,6 vang xanh
Timolphtalein 9,7 9,1-10,6 10 khong mau xanh
Alizarin vang 10,7 10-12 11 vang tim nhat
Tropeolin OO (nac 1) | 1,85 1,2-3,2 do tim vang
Tropeolin OO (néc 2) 11-13 vang da cam nau

Ngoai chi thi axit — bazo, trong phép chuan do nay ngudi ta con dung chit chi thi
khéc:

- Chét chi thi phat quang: Khi dung dich phan tich bi duc, chat chi thi thong thudng
khong str dung duoc, ngudi ta sir dung chat chi thi phat quang. Cac chat nay c6 kha ning
phat quang khi chiéu tia tir ngoai, anh sang do chung phat ra c6 mau va mau ciing tiy
thudc pH.

- Chi thi hdn hop: Khi tron hai chat chi thi hodc tron mot chat chi thi véi mot chat
mau nhung mau khong thay doi theo pH ta dugc mot chét chi thi hdn hop. Chét chi thi nay
c6 khoang d6i mau bé hon va nhan biét sy thay d6i mau rd rét hon.

- Chi thi van nang: Néu tron nhiéu chi thi véi nhau thi ta ¢6 chi thi van nang c6 mau
khac nhau ¢ nhing gia tri pH khac nhau. Gidy loc tam dung dich chi thi van nang duoc goi
1a gidy pH. Muon biét pH cta dung dich nao d6 thi ta cho mot giot dung dich nay 1én giay
pH mau s& xuat hién ¢ vét tim dung dich, so mau vira xuat hién véi thang mau méu ta biét
duoc gia tri pH cua dung dich.

Bang 8-2. Mt vai hon hop chi thi ding trong phirong phép axit — bazo

Mau cua
dang bazo

Mau cua
dang axit

Ty 16

Thanh phin hdn hep VI

pT
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Metyl da cam 0,1% trong nuéc

Indigocacmin 0,25% trong nudc 1/1 |41 tim xanh 4 cay
Bromcrezon xanh 0,1% trong nudc

Metyl da cam 0,2% trong nudc 1/1 |43 vang xanh luc
Bromcrezon xanh 0,1% trong ruou

Metyl do6 0,2% trong rugu 3/1 |51| donhat | xanhlacay
Bromtimol xanh, mudi natri 0,1% trong nudc

Phenol d6, mudi natri 0,1% trong nudc 1/1 |75 vang Tim
Thimol xanh 0,1% trong rugu 50°

Phenol phtalein 0,1% trong rugu 1/3 19,0 vang Tim

c. Nguyén tidc chon chat chi thi két thiic chudn dé axit — bazo

Trén duong cong chudn d¢ axit — bazo & 1an can diém twong tmg véi luc con thiéu
0,1% va thira 0,1% dung dich chudn cho vao ton tai mot bude nhay pH. Loi dung dac diém
d6 chét chi thi dé ta nhan ra diém tuong duong theo nguyén tac sau:

Chat chi thi thich hop 14 chét c6 khoang d6i mau cta né nam trong budc nhay pH
cua duong dinh phan. Chi c6 nhu vay s€ thyc hién dugc co ché: ¢ lan can diém ‘tuong
duong pH thay doi 16n truot qua khoang d6i mau 1am cho mau sic cta chi thi bién doi,
dimg chudn d¢ va do thé tich dung dich chuan. Trong nhiéu trudng hop ciing c¢6 thé chon
chi thi sao cho chi s6 dinh phan pT trung véi pH & diém tuong duong.

Dé c6 thé chon dugc chi thi két thuc chuin dd, diém tuong duong hay ndi chinh xéac
hon két thuc & 1an can diém tuong dwong thi cdn dam bao cé budc nhay pH du 16n trén
duong dinh phan, thi can chu ¥:

- Dung dich chuén bao gid cling duogc chon 1a mot axit manh hodc bazo manh.
Néu chuin d6 axit yéu bang bazo yéu hic nguoc lai thi budc nhay pH khong rd rét.

- Néng d6 dung dich chuén chon niam trong khoang 0,01- 0,1M. Néu ndng d6 nhod
hon buéc nhay pH khong du dai; con nong d6 16n hon budc nhay pH dai nhung sai sé 16n
va két qua phan tich thiéu chinh xAc.
8.2.1.2. Qud trinh chudn d¢ axit — bazo va bién thién pH trong qud trinh chudin dé
a. Chuan do axit manh bcing bazo manh va nguoc lai

* Chuin HA bang BOH

Phuong trinh phan Ung:

HA + BOH — BA + HxO

Hay H* + OH — H20

Phuong trinh duong chuan do axit manh b:;ing bazo manh. Chuan d6 Vo ml axit
manh HA co6 nff)ng do Co béng bazo manh BOH co6 néng do C. Sau khi thém Vml bazo
manh trong dung dich c6 4 ion: H*, OH", B*, A".

Nong d6 can bang cua chiing dugc biéu dién bang 4 phuong trinh sau:

[H' JoH | = Ky

Ap dung dinh luat bao toan dién tich trong dung dich, co:
1]+ [B* = lon |+ |A-]
Thay [A7] va [B*] ta co:

60



[H*]+ Cv = €.V, + [OH‘]
V.+V V +V
Goi F 1a murc do axit dd duge chuan do :

b CV
CDVD
V,+V
Nhan haivévéi % taco:
F-1=(on - )ty
OVO

bay la phuong trinh tong quat cia duong chuan d6 va co thé str dung nay dé tinh
pH tai bat ki diém nao trong qué trinh chuan do. Vi néu biét V bazo di dung tic 1a biét F

ta tinh duogc lH J
- Trudc va tuong d6i xa diém tuong duong : lH+J >> [OH_ ]tfr phuong trinh trén ta
co:

C,V,
1-F)— %
[H*J :( )V +V,

‘ Phuong trinh nay cho biét lH+J bang ndng d6 axit chwa bj chuin va dugc pha lodng
bang Vml bazo manh.

- Tai diém tuong duong ] = lon | — VKo = 107 (25°C)
- Tai sat trudc va sau di€ém tuong duong ta phai st dung phuong trinh thi méi tinh
chinh xac dugc pH, vi khi dé [H+] = [OH7].
- Sau va tuong dbi xa diém twong duong [OHi] > > lH+J
orr J= s = (F- )

—(F— 0 Vo
] V+V,

] chinh la néng d6 BOH du so voi ndng do axit da duoc pha lodng.
* bai voi tru’(‘mg hop chuan d§ bazo manh l?éng axit mqnh thi nguoc lai : khi do
Co, Vo 1a nong do va thé tich cuia bazo con C, V 1a nong do va thé tich cua axit

Néng do .[OH

Ly luan tuong tu ta co :
V,+V
Fo1=(H] lon )y e,
- Truéc va xa diém tuong duong : [OH_] >> lH+J
or = g =0-m ey
- Sau va xa diém tuong duong [ |55 Jon-]

I{+:(F_1}£iﬂﬁ_
V +V,

* Vi du: V& duong chuan d6 100ml dung dich HCI 0,1M bang dung dich NaOH
0,1M.

~0,1.100
0,1

d

=100ml
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- Khi chua cho NaOH: [H*] =Co=10! - pH =1
- Sau khi thém 50 ml NaOH
_ 50.0,1 05
100.0,1

0.1.100
1 l=(1-052 ~ 03— pH = 148
)= ’)100+50 > PE=4

- Tuong ty khi V ctia dung dich NaOH bang 90; 99; 99,9 ml ap dung cong thiic &
trude va xa diém tuong duong.

- Tai diém twong dwong pH = 7.

- Khi V cua dung dich NaOH béng 100,1;101; 110; 200 ml ap dung cong thic &
sau va xa diém tuong duong.

Céc gia tri pH tuong tng tai thoi diém F s& nhu sau:

Viml) | 0 50 90 99 99,9 100 | 100,1 | 101 110 200
F 0O /05| 09 | 0,99 [ 0,99 1 1,001 | 101 11 2
pH 1 (148 2,28 | 3,30 | 4,33 7,0 9,7 10,7 | 11,68 | 12,56

Tir s6 liéu nay, ta v& duoc dudng cong md ta su bién ddi cta pH theo F, dudng cong
ay duogc goi la duong cong chuan do

A
pH
D Equation.3
12,56
9,7 8 .
Buoc
7 nhay
- chuin
do
4,33 -
1
0 1

2

Hinh 8-1. Puong cong chudn dé dung dich axit HCI 0, 1M bang NaOH 0, 1M

Tir két qua trén ta thay khi F < 0,99 va F > 1,01 pH cua dung dich thay d6i rat it,
nguoc lai F trong khoang 0,999 — 1,001 (chuan d6 thiéu va du 0,1%) pH thay d6i nhiéu
nguoi ta goi la budce nhay dinh phan. Trong truong hop nay budc nhay dinh phan tr pH =
4,3 dén pH =9,7. Bé chon chét chi thi, ta dwa vao khoang d6i mau hoac diém chuyén mau
ctia chi thi. TSt nhat chon chét chi thi ¢6 pT tring voi diém twong duong.

- Néu dung chi thi dé trung tinh (pT = 7, khoang chuyén mau tir 6,8 -8) thi chi thi
d6i mau dung ¢ diém twong duong.
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7 - Néu dung chi thi metyl da cam (khoang chuyén mau tir 3,1 — 4,4) thi khi chi thi

d61 mau, phan ing chua dat to1 dieém twong duong, sy phan dinh két thic hoi som. ?

- Néu dung chi thi phenolphtalein (khoang d6i mau tir 8,0 — 10,0) thi chi thi d6i
mau da qua diém tuong duong. Trong truong hop nay sy dinh phén lai két thuc hoi mudn.
b. Chuan do L}xit yéu bdng bazo nganh hoac bazo yéu bang axit manh

* Chuan d9 axit yéu HA bang bazo manh BOH

Gia str chuan d6 Vo ml dd axit yéu HA ¢6 nong do Co va hang s6 axit Ka bang dung
dich bazo manh BOH c6 nong d6 C. Dya vio hang sd axit, tich s ion ciia nudc, phuong
trinh bao toan khdi lugng, phuong trinh trung hoa dién ta c6 phuong trinh :

14
F=qon -ttt K
CVy [H'1+K,

VotV [H']
COV{J Ka +[H+] (8_1)

~ Day la phuong trinh bac 3 kho giai nén can cr vao tung giai doan cua qua trinh
chuan do dé don gian hoa.
- Khi chua ¢6 BOH thi [H*] >> [OH],V=0,F=0nén:

F-1=([OH"]-[H"])

[H+]= Ka‘c0+
K, +[H"]
Néu U D) Ka gy _, [H7 1=K, Cy (8-2)

Day 1a cong thic tinh pH cia axit yéu
, - Sau khi thém Vml BOH, nhung con xa diém tuong duong, hiéu ([oH"]-[H"]
rat nho nén :
H* I-F
S EC0N BNV N
Ka + [H ] F (8'3)
- Tai diém twong dwong: F = 1, ta c6 dung dich bazo A" nén [OH] > [H*] va phuong
trinh tr¢ thanh :

F-l=-

K +[H'] c v, COC
Néu axit khéng qua yéu — Ka > [H*] ta co :
C,+C
. K, Kot
o] = \/ GC (8-4)

- Sau va xa diém tuong duong (F > 1) ta ¢6 dung dich hdn hop bazo yéu A" va bazo
manh BOH du nén [OH] >> [H]
[H"] Vy+V
——=[HA OH
K, +[H"] : ]CV Wl ] CDVD
[HA]<< [OHT]
thi phuong trinh (8-1) tr¢ thanh :

CV,
loH | = (F-1). Yo
VU+V (8-5)
K
[H}]= H,0 .V0+V
(F_l) CoVo

Hay
’ - Sat trudc hodc sat sau diém tuong duong (0,999 < F < 0,001) ta khong thé bo qua
bat ki mt s6 hang nao va ta cé :
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(F-1)=— ] g VotV
Ka+lH+J lH+J Co Vi (8-6)
Néu Ka >> [H*], taco :
[H*]JFK..ZO V,+V
K, [H] ¢V, (8-7)

a

(F-1)=-

Phuong trinh chuan d6 bazo yéu bang a[xit njanh :
V,+V OH™
(F-1)=(H"|-|OH ).—*—- -
) [ ] [ ]) CDV[) Kb+ lOH J (8'8)

Vi du : Tinh pH tai cac thoi diém chuan d6 khi chuén 100 ml dung dich CHsCOOH
0,1M (pKa =4,75) bang dung dich NaOH 0,1M.

Luong NaOH F [H*] pH
thém vao (ml)
0 0 1,31.10°3 2,88
20 0,2 6,3.10° 4,20
50 0,5 1,56.10° 4,81
90 0,9 1,59.10° 5,80
99 0,99 1,59.10” 6,80
99,9 0,999 1,59.10°8 7,8
100 1,000 1,72.10° 8,74
100,1 1,001 2,00.101° 9,70
101 1,01 2,1.101 10,68
110 1,1 2,4.1012 11,62
200 2 3,0.1013 12,52
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pH T
12,52 ‘ /l

EMBED Equation.3
10,68

8,74

6,8

4,81

2,88 l/

0

v

Hinh 8-2. Duong cong chin dé dung dich axit CH3COOH 0,1M bang dung dich NaOH
0,1M

Ta nhan thiy trong trudng hop chuin do axit yéu bing bazo manh, dudng cong
chuéin d6 cling c6 budc nhay dinh phan twong ty nhu chuén d6 axit manh b?lng bazo manh
nhung & ddy diém twong duong khéng trung véi diém trung tinh (pH > 7).

Trong trudng hop nay ta chon chit chi thi phenolphtalein (khoang d6i mau 8 —
10) 1a thich hop.

8.2.2. Phwong phap oxi hoa — khir

Trong phuong phap chuén d6 oxi hoa — khir nguoi ta sir dung phan ung trao d6i
electron dé dinh lugng céac chat. Trong phuong phap nay chi c6 mot so it chat oxi hoa hodc
chat khir c6 mau va c6 thé nhan biét mau ciia dung dich chuan. Trong da s6 trudng hop
ngudi ta phai str dung chat chi thi oxi héa — khir.
8.2.2.1. Chiit chi thi oxi héa — khir
a. Ban chat

Chat chi thi oxi hoa — khir 1a chit c6 kha nang bi oxi hoa hay khir mot cach thuan
nghich va mau cta hai dang 1a khac nhau trong dung dich c6 can bang sau:

Indoxh + ne = Indkn
Thé ciia hé nay duoc tinh theo phuong trinh Nernst:

0,059 Tog [Ind_, ]

E=E%'+ 1 [ind,, ]
Tur phuong trinh co ban ndy cua chat chi thi thay rd 1a khi dién thé E ctia dung dich

[Ind oxh ]
[Ind

thay d6i dan dén ti s6 o] thay d6i 1am cho mau sac cua chi thi thay doi.
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Vay mau sdc cua chi thi phu thudc vao E ma E lai thay doi trong qua trinh chuin
do.
b. Khodng d6i mau
V61 mat binh thuong ta c6 :
[Induxh ]
[I"dkh] 2 10 thi dung dich chi thi c6 mau cua dang oxi hoa.
[Induxh ] L
[Indy, ] < 10 thi dung dich chi thi c6 mau ctia dang kht.
1 [Ind oxh ]

Do d6 10 < [Ind,, ] < 10 thi dung dich chi thi c6 mau sic trung gian giira hai dang.
Dua vao biéu thirc Nernst ta c6 :
0 ,059 1 0,059

E'+2""log—<E<E"+>2""logl0
n 10 n
o 0059 _ o po, 0,059
n n
EMBED Equation.3 EMBED Equation.3

EMBED Equation.3

v

\ '\ '\

Mau dang khu Mau trung gian Mau dang oxh

Vay ta c6 dinh nghia : Khoang ddi mau ctia chat chi thi oxi hoa — khir thuén nghich
12 mot khoang gia tri dién thé E ma khi gié tri thé E cua dung dich truot qua khoang d6 thi
mau cua chi thi s& thay ddi tir dang no sang dang kia.

Sau day 1a mot s6 chi thi oxi hoa - khir thong thu:g‘rng :

Mau sac EO(V) khi

Chi thi Dang oxi hoa Dang khur [H]=1M
Diphenylamin Xanh tim Khdng mau +0,76
Axit diphenylamin azo-sunfonic Do tim Khdng mau + 0,85
AXit phenylantranilic bo tim Khdéng mau + 1,00

c. Nguyén tdac chon chat chi thi két thiic chudn do oxi héa — khir

Chi thi thich hop cho phan tng chuan d6 oxi hoa — khir 1a chat c6 khoang d6i mau
nam lot trong budc nhay thé cta dudng cong chuan do. Vi vay thyc hién dugc co ché: &
lan can diém tuong duong E nhay dot ngot truot qua khoang d6i mau cua chét chi thi 1am
cho mau chi thi dot bién, dimg chuan do va do thé tich dung dich chuan.

DPé dam bao budc nhay du trén dudng cong chuan do can cha ¥:

- Chon dung dich chuan 1a chat khir manh hay chat oxy héa manh hay néi cach khac
AE® ctia hai cdp phai kha 16n.

- Chon ndng d6 dung dich chuan khong qua 16n (budc nhay dai nhung sai sd s& 16m)
va ciing khong qué bé (budc nhay ngan ); thuong chon trong khoang 0,1 — 0,01 N.
d. Mt s6 chi thi khac

* Chi thi hap phu: D6 1a truong hop chi thj ho tinh bot ( dung dich nude 1% ) dung
trong phuong phap i6t. Ban chat 14 & chd ho tinh bot hap phu i6t tao thanh hop chat c6 mau
xanh tim ton tai theo cAn bang:
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l, + Hotinhbot = Hop chit hép phu
( khéng mau ) (' mau xanh tim')

Puogc tng dung trong hai truong hop:

- Dung dich chuan 12 mot chat khir dé chuan d6 I» thoat ra tir mot phan Gng nao do.
Trude diém twong dwong dung dich ¢6 mau xanh lam, & diém twong dwong khi I, hét dung
dich s€ tr¢ lai khong mau.

- Chuan do mot chét khir nao do béng dung dich chuan I> Truge diém tuong duong
dung dich khong mau. O diém twong dwong du 1 giot dung dich I» no s& tac dung véi chi
thi san co trong dung dich tao thanh mau xanh lam.

* Chi thi oxy héa — khir bat thuan nghich

bay la truong hop cua chi thi métyl da cam dung trong phuong phap bromat. Dung
dich chuan 1a chit oxy hda KBrOs. Trong qua trinh chuan do s& xay ra phan tng:

BrOs  + 6e + 6H" = Br + 3H.0
Trong mdi truong axit chat chi thi c6 mau d6. Trong qua trinh chuan d6 c6 sinh ra

Br- 1a chat khir hdn hop ctia BrO3 . O diém tuong duong néu du mot giot KBrOs s& xay ra
phén g phu:
BrOz + 5Br + 6H" = 3Br; + 3H,0

Br2 sinh ra 1a chat oxi h6a manh 1am pha v& ciu trac phan tir cia chi thi do d6 chi
thi mat mau, dua vao d6 két thuc chuan d6. Goi 1a bat thuan nghich vi khong thé tai tao lai
phan tr metyl da cam.
8.2.2.2. Cdc thuéc thir diing trong chudn dé oxi héa — khir

Mic du cac phan tmg oxi héa - khir c6 kha nhiéu, song do nhiing yéu cdu nghiém
ngat cua cac phan ung dung trong phén tich thé tich nén trong phuong phap dinh luong
oxi hoa — khir chi dung duoc mot sé thude thir han ché.

Céc thudc thu thuong dugc dung lam chét chuin oxi hoa cd6 KMnOs, K,Cr.07, I,
KBrO:s.

Céc thude thtr thuong duge dung 1am chit chuin khir c6 mudi Fe (II), Na2S;0s,
H2C>0..

Can ctr vao thude thir duoc dung ma ngudi ta phan loai phwong phap chuan dé oxi
héa - khir thanh cac phuwong phap cu thé: phuwong phap pemanganat, phuong phap
dicromat, phuong phép iot....

a. Phuwong phap pemanganat
KMnO; 14 chat oxi hoa manh. Trong dung dich axit, ion MnO4 mau tim bi khir thanh
ion Mn?* khong mau.
MnOs + 8H* + 5¢ = Mn?* + 4H,0 E°=151V
Trong dung dich axit yéu, trung tinh, bazo, san pham phan tmg khir MnO4™ 13 MnO.
MnQOy4 + 2H,0+ 3e = MnO; +40H" E°=1,69V
Trong dung dich kiém manh MnO4 bi khir thanh MnO4*
MnOs + e = MnO4*> E°=0,564 V
b. Phwong phap dicromat
K2Cr207 c6 tinh oxi héa manh trong moi trudng axit
Cr,07% + 14H* + 6e = 2Cr3* +7H,0 E°=1,33V
Dung dich chuan dicromat rat bén. Cé thé axit hoa bang axit sunfuric. Cé thé chuan
d6 bang dicromat ¢ nhiét do thuong khi c6 mat HC1 dén ndng d6 3,5M. Khi chuan do véi
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dicromat co thé dung cac chét chi thi diphenylamin diphenylbenzidin va t6t hon ca 1a
diphenyl sunfonat. Ung dung quan trong nhat cta phuong phap cromat 1a chuan d6 Fe (II).
Uu diém cua phuong phap ddicromat la c6 thé diéu che chét chuan tinh khiét mot
cach dé dang, ré tién (ket tinh lai 1an 2 tir nuéc, lam kho va say & 150 — 200°C), dé bao
quan, dung dich chuan bén, c6 thé chuin dd khi c6 mat HCI néng do khong qua cao.
8.2.3. Phuong phap tao phirc
8.2.3.1. Khdi niém phirc chit, cin bang tao phirc
a. Khdi niém phirc chat
C6 rat nhiéu ion kim loai tao dugc véi cac ion hodc phan tir trung tinh nhiing hop
chat phuc tap goi 12 phtic chat:

Ag +2CN- = [Ag(CN)]"
Ag + 2NHs = [Ag(NHs)]*

Hg® + 41 T = [Hgly>

O day cac ion kim loai nam & gitta Ag*, Hg?* goi 14 ion trung tdm, cac ion CN-, I
hodc cac phan tir NHs duoc bb tri xung quanh ion trung tam duoc goi la phéi tir.

Lién két hoa hoc giita ion trung tdm va cac ph01 tir 12 lién két ph01 tri. Cdc ion trung
tdm c¢6 mot hodc nhiéu obitan tréng, mdi oobitan tréng 1a mot vi tri phéi tri. SO vi tri phdi
tri ma mot ion trung tdm c6 duoc goi 1a s6 phdi tri.

b. Cdn bang tao phirc

Can bang tao phtrc thuong rat phirc tap, duoc biéu dién bang phuong trinh téng

quat:
M+ mL = MLn
O trang thai cin bang ta co:
ML, ]
M]L]"

Hing s6 can bang cua qua trinh tao phirc con goi la hang s6 phirc hay hing sb bén.
Gi4 tri cua nd dic trung cho d6 bén cua phirc. Hing sb bén co gia tri cang 16n thi phirc
cang bén. Nguoc vl qua trinh tao phirc 1a qua trinh phéan ly phire. Qua trinh phan ly phirc

cling xay ra lién tiép qua nhiéu giai doan dugc biéu dién bang phuong trinh téng quat:
MLm= M+mL

O trang thai can bang ta c6:

_ ML
[ML
Hang s phan ly con dugc goi 14 hang sé khong bén vi nd dic trung cho tinh kém
bén cua phirc. Hang s6 khong bén c6 gia tri cang 16n thi phirc cang kém bén.
Dbi voi mot sd phirc, hiang s6 bén cang 16n thi hang s6 khong bén cang bé. Sau day
1a hang s6 bén cia mot s6 phirc chat ¢ 20°C:

m
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Bang 8-3: Hang sé bén ciia mot s6 phirc thuong gape 20°C

Phirc chat Hing s6 bén K logK
[Ag(NHa)2]" 1,47.107 7,17
[Ag(CN)2] 1.10% 21,00
[CA(NH3)4]** 4,10° 6,6
[Cd(CN)4]* 7,14.10% 16,75
[Co(NHs3)e]®* 4,5.10% 23,65
[Cu(NH3)4]** 2,17.108 13,34
[Cu(CN).]* 2.10% 27,3
[Hgla]* 2.10%° 30,3
[Hg(CN)4]* 2,5.10% 44,4

8.2.3.2. Chit chi thi kim logi

Phuong phap tao phuc rat phong phu, & day ta chi xét phuong phap xac dinh diém
trong duong dbi voi chuan do tao phirc Complecxon. Complecxon 1a mét ho cac hop chat
kiéu EDTA (etylen diamin tetra axetic) thuong lam dung dich chuén dé xac dinh céc cation
kim loai trong dung dich. Chét chi thi ¢ day dugc goi la chi thi kim loai.

a. Ban chdt

Loai chét chi thi nay la nhiing chit mau hitu co, c6 kha nang tao véi ion kim loai
phtrc cang cua ¢6 mau va trong nhimg diéu kién xac dinh mau cua cac phirc d6 khac véi
mau cua chi thi tu do.

Céc chét chi thi kim loai thudng 1a céc axit hay bazo yéu, c6 chira nhém mang mau
hay tro mau, nén ciing 1a chi thi pH. Do cac dic diém trén, mau cta chi thi kim loai bién
thién theo pM (pM = - log[M]) va pH cua dung dich. Trong phan tich nguoi ta thuong
chon pH thich hop dé cho phan tmg tao phirc complecxonat kim loai xay ra hoan toan, dé
6n dinh pH ngudi ta thuong dung dung dich dém.

b. Khodng doi mau

Gia st chat chi thi Ind tu do ¢6 mau xac dinh khi tao phtrc voi kim loai M thanh

phtrc MInd c6 mau khéc. Trong dung dich ta c¢6 can bang:

M + Ind = Mind
~ |[Mind |
- [m]ind]
[M] = 1 [MInd] . [MiInd]

" K, [Ind] " [Ind]
[Ind]
[MiInd]
Khi [pH ]dung dich khong thay doi, tng véi mdi gia tri pM 1a mot gia tri xac dinh
Ind

cua ty ) [MI“d] ma mau sic cla dung dich lai phu thudc vao ty s6 do. Ta phan biét dugc
mau ctia mot trong hai dang khi néng do ctia né 16n hon néng do cua dang kia 10 lan.

Vay khoang d6i mau cia chi thi 1a mot khoang gia tri pM = pKkp = 1 ma khi pm
trugt qua khoang do6 thi mau cua chi thi thay doi tir dang no sang dang kia

pM =pK,, +log———~

pPKwp - 1 PKkb pKip +1 pM

| | 1 >

T ! 1

Mau Mind Mau trung gian Mau Ind




C. Nguyén tdc chon chat chi thi két thic chuan do

- Trén duong cong chuan dd6 Comlecxon ciing c6 mot budc nhay pM & 1an cin diém
tuong duong vi thé ta chon chat chi thi kim loai sao cho khoang ddi mau ctia n6é nam lot
trong budc nhay thé ctia dudng cong chuan do.

Thoa man diéu kién d6 cho ta kha nang két thuc chuan d6 ¢ lan can diém tuong
duong vi khi do6 dién ra su thay doi mau sac dot ngot cua chi thi.

- Thong thuong ciing can phai thoa mdn mot nguyén tic nita la: phitc Comlecxon
can phai bén hon phirc gitta chi thi va ion kim loai. Phitc Comlecxon cang bén thi budc
nhdy cang dai.
8.2.3.3. Cac cach chuan do phirc
a. Chudn do truc tlep

Lay vao cdc chuan do mot thé tich cua dung dich chtra ion can phan tich. Thém vao
cdc mot thé tich dung dich dém c6 do pH thich hgp va mgt luong chi thi.

Sau d6 tir buret cho dung dich chuan EDTA chay dan vao cdc chuan do cho dén khi
dung dich chuyén mau.

Goi Va 1a thé tich dung dich phan tich da 14y vao cbc, Vp 1a thé tich dung dich chuan
EDTA da str dung, Cp la néng do cua dung dich chuan EDTA, ta tinh duoc néng do Cacua

ion kim loai trong dung dich phéan tich
v,.C,
C,- V

b. Chudn dé gidn tiép

C6 hai cach chuan d6 gian tiép, d6 1a chuin d6 EDTA va chuan d thay thé.

* Chuan d6 EDTA du

LAy vao cbc chuan dd Va ml dung dich phén tich. Thém vao d6 dung dich dém, chit
chi thi va Vi dung dich chuidn EDTA c6 ndng dd 1a Cp (cha ¥ cho du EDTA ). Sau d6 tir
buret cho dung dich chuén ctia mot kim loai khac, vi du Mg?*, chay tir tir vao cdc cho dén
khi dung dich trong cbc¢ chuyén mau (mau chét chi thi chuyén thanh mau cua phirc gitta
Mg?* va chét chi thi )

Goi Cq Va Vg 1 ndng d6 va thé tich ctia dung dich Mg?* da dung thi thé tich EDTA
du (Vb)) dugce tinh theo cong thirc:

. C,V,
s
Tir d6 ta tinh ndng do ion kim loai trong dung dich phan tich theo cong thirc sau:
(Vb -Vi )C b
C,_ \Y%

* Chuan d6 thay thé
Lay vao cdc chuan do Va ml dung dich phan tich va mét it dung dich dém. Thém
vao cdc dung dich phirc cia EDTA véi mot ion kim loai khac . Vi dy: phirc Mg — EDTA,
sao cho lugng phirc nay hoi du so v6i lugng ion kim loai can phan tich.
Trong diéu kién nhu vy, toan bd lugng ion kim loai can phan tich duogc dung hét
dé day Mg?* ra khoi phic.
M"™ + MgL = ML + Mg?*
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Bay gio thém mot luong chi thi vao cde, roi tir buret cho dung dich EDTA chay tir
tir vao cdc chuan do cho dén khi dung dich chuyén mau. Cac phan mg xay ra khi cho chi
thi vao la phén g tao phtre gitta Mg?* dugc giai phong va chi thi.

Mg + 1 = Mgl

Va phan tmg v461 EDTA 1a phan ing gitra Mgl v61 EDTA

Nhu vay, sy chuyén mau xay ra lic Mgl d3 bi tac dung hét, lac d6 mau chuyén tir
phirc Mgl sang mau cua chi thi ty do.

Vi vay luong Mg?* dugc giai phong bang i ion kim loai can phan tich, nén cong thirc
tinh gidng nén cong thic tinh cach chuan do tryc tiép.

v, .C,

C,- V

O day Vb 1a dung dich chuan EDTA di sir dung cho dén khi dung dich chuyén mau,
Cb 13 ndng do cia EDTA, con Va 1a thé tich dung dich phan tich di 14y.

8.2.4. Phwong phap két tiia

Phuong phap chuan do két tiia dua trén cac phan tng tao thanh két tia it tan. Céc
phan tng d6 phai thoa man cic yéu ciu sau dy:

- Hop chét phai thuc té khong tan, nghia 13 phan Gng phai hoan toan va phai theo
hé s6 ty luong nhit dinh tic 13 phai c6 cong thirc xac dinh.

- Téc d6 hinh thanh két tua phai khd 16n (tire 1a khong c6 hién tugng qué bo hoa).
Phan tmg phai chon loc, anh huong cua cac qua trinh phy nhu cong két,..phai khong dang
ke.

- Phai c6 chét chi thi thich hop dé xac dinh diém tuong duong.

Mic du nhitng phan tmg tao thanh két tua it tan rat nhiéu va dugc st dung trong
phan tich dinh tinh, tach va phan tich khéi lwong, nhung chi c6 mét sé it phan tmg dugc
dung trong phuong phap chuan d6 két taa vi kho6 ma thoa mén dugc cac yéu cau trén.
8.2.4.1. Khdi niém vé cén bang két tia, tich so tan

Qua trinh két tha va qua trinh dién ly cta chét dién ly it tan 1a mot qua trinh thudn
nghich, vi vay dén mot luc nao d6 hé s& dat dén trang thai can bang.

Vi du xét phan Gng:

AmBn = mA™ +nB™
Theo dinh luit tac dung khdi lugng ta co:

[An+ ]’" [ m— ]”
K = [ m n]
Vi nong do cua chét ran [AmBn] dugc chip nhan bang don vi, vi vay K =
[A“+]m[ m_]” duoc goi 1a tich sb tan, ki hiéu 1a L,

Tuc: Lan, = [AH] [Bmf]

Vay tich s tan 1a tich s6 ndng d6 ctia cac ion trong dung dich bdo hoa (& nhiét do
nhét dinh) cua chét dién ly it tan.

Tich s6 ctia chat cang bé, chat cang it tan. Tich s6 cua chit cang 16n, chat cang dé
tan. Dudi day 1a tich s6 tan (T) ctia mot sb chat ¢ 25°C:
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Bang 8-4: Tich s tan ciia mot sé chat thuong gdp ¢ 25°C

Hop chit T Hop chit T Hop chit T
AgBr 7.10% | Ag.COs 6,2.1012 | Ag.CrOs 2.1012
AgCN 2.1012 | AgCl 1,6.101° | Agl 1.10°16
AgOH 2.10°% | AgsS 1.10*° | Ag.SOs4 8.10°
CaCOs 1.10®% | Ca(OH). 5,5.10% | CaSOs 6,1.10°
BaCOs; 7.10° | BaC.04 1,6.107 | BaCrOs 2.1010
BaSO4 1.101° | SrC,04 5.10% | CrSO4 3,8.107
SrCOs 1,6.10° | MgCOs; 2,6.10° | MgC20s4 8,6.10°
MgNH4POs | 25.10" | CuCO; 1,4.101%° | cul 5.1012
Cu(OH), 5,6.102° | CuS 8,5.10%° | FeCOs3 2,5.101
FeC20,4 2.107 | Fe(OH), 3,2.10™ | Fe(OH)s 41038
FeS 3,7.10"° | NiCOs 1,4.107 | Ni(OH), 2.1016
PbBr, 7,4.10% | PhCO;3 3,3.10%* | PbC,0, 2,7.101
PbCl, 2.10° | Pbl, 1,3.10% | Pb(OH), 2.1016
PbSO4 2.10% | PbS 1.10%° | Sn(OH). 5.10%
Sn(OH), 1.10%¢ | ZnS 7.10% | Zn(OH), 5.10%
ZnC,04 1,4.10° | Hg:Cl; 2.1018 | Hg(OH). 1.10%
HgS 4.10% | CdCOs 2,5.10% | Cd(OH). 1,2.104
Cds 1.10%° | MnS 1,4.10%° | Mn(OH). 4,101

Can bang két tua cling 1a mot can bang thuin nghich, nén cac yéu t6 nhu nhiét do,
pH cta dung dich, nong d6 ion cua dung dich 1a nhitng yéu t6 anh huéng dén can bing
nghia 14 anh huéng dén tinh tan cia mot chit, & ddy chung ta khong di sdu nghién ctru cac
anh huong nay.

8.2.4.2. Chi thi trong phép chudn dé két tiia va cdc phwong phdp chuin dé két tiia
Trong phép chuén d6 két tua, diém tuong duong cung duoc phat hién nho chat chi
thi. Khong co chat chi thi chung cho phuong phap ma mdi chi thi thich hop cho mét phan
g trong d6 c6 sy tham gia ciia mot ion nhét dinh.
Sau day 13 mot sb phuong phap chuan do két tua va cac chat chi thi ding cho cac
phuong phéap do

a. Phuwong phap Mohr

Phuong phap nay dung mot phan Gng két tia lam chat chi thi

Dung dich chuan 1 dung dich AgNO3 dugc dung dé xac dinh cac halogenua  (CI,
Br, I) v6i chi thi 1a dung dich Kalicromrat K>CrOg.

Qua trinh chuén d duoc tién hanh nhu sau: Cho tir tir dung dich chuan AgNO3 vao
mot thé tich xac dinh cta dung dich phan tich chira CI', Br, hodc I' va KoCrOa.

- Trudc diém tuong duong, lugng AgNO3 cho vao bao nhiéu thi tac dung hét voi
X bay nhiéu nén dung dich vin mang mau vang ctia KoCrOsa.

- Tai diém tuwong duong, hét X", hoi du mot luong it Ag* nén CrO4% két hop dugc
vGi Ag* tao nén két tha do6 nau cia AgaCrO4. Khi xuat hién két tia dé nau phan Gng chuan
do da dat diém tuong duong va két thiic dinh phéan.

Céc phan ng xdy ra nhu sau:

Agt+ X — AgX

2Ag" + CrOL _, Ag,Cro,
72



Mot van dé can dit ra 1a ndong do cia chi thi K2CrOs bang bao nhiéu 1a thich hop.
Néu chuin d6 Cl bang Ag" thi tai diém twong duwong nong dd cua Ag* khoang 107
mol/l. Muép tao dugc két tiia Ag2CrOs thi tich ndng d6 [Ag*T[ <04 1>102 do d6 ndng
do CrO4% toi thiéu phai 1a:
. 10"
[CF"O4 ] = ﬂ()T)z
Vi CrO4* con c6 the két hop voi H tao thanh HCrO4 nén doi hoi nong do K2CrOq
con phai cao hon nira. B¢ thu dugc két tia tot nguoi ta thuong chuan do ¢ pH =8

=10"*(mol /1)

b. Phuwong phap Volhard

Phuong phép nay dugc dung dé chuin do truc tiép dung dich Ag" hoac chuin do
gian tiép dung dich X". Dung dich chuan 1a dung dich Kalisulfoxinua KSCN va chi thi 1a
dung dich phén sit NHsFe(SO4)2 c¢6 chira ion Fe?*. Trudng hop nay 14 ding mot phan tmg
tao phuc lam chi thi.

* Dung dich Ag* duoc chuan do truc tiép nhu sau:

Thém dan dung dich chuin KSCN vao cbc chira dung dich phan tich chira Ag* va
chi thi Fe®* thi xay ra phan mg:

Ag® + SCN — AgSCN | tring

Trude diém twong dwong SCN” phan tng hét v6i Ag*. Tai diém tuong dwong hoi

du mot chit SCN™ nén phirc dé mau dugc tao thanh.
Fe3* + SCN- = [FeSCN]*
Mau dé mau

Nho su xudt hién phirc mau ndy ta phat hién dugce diém twong duong va két thic
dinh phan.

* Pé chudn d6 gian tiép dung dich X', nguoi ta ldy vao cbc mot thé tich xac dinh
dung dich c6 chtra X°, mdt it chi thi Fe3* roi thém vao d6 mot thét tich chinh xac dung dich
chuan AgNO; du, liic d6 xay ra phan tng:

Agt + X — AgX |

Luong Ag du dugc chuan do bang dung dich chuin KSCN, diém tuong dwong duoc
phat hién nho chét chi thi Fe3*. Pé chuin d6 dugc chinh xéac nguoi ta thuong loc tach két
tia AgX trude khi chuan do bang KSCN.

c. Phuong phdp chi thi hdp thu

Trong phuong phap nay chat chi thi duoc dung 14 chat c6 kha niang bi hap phu trén
bé mat két tua duoc tao thanh do phan tng dinh phan, c6 mau sic khac voi mau dang tu
do ciia n6 trong dung dich. Van d¢ 1a 1am sao cho sy hap phu nay xay ra ¢ 1an can diém
tuong duong do d6 mau sic chi thi thay doi két thic chuan do.

Vi du: chuin d6 dung dich KI bang dung dich chuan d6 AgNOs

Phén tmg chuan do:

Agt + I — Agl| vang

Trudce diém twong duong trong dung dich ¢6 nhiéu I nén hat keo tich dién am, sau
diém twong dwong du Ag* nén hat keo tich dién dwong. Vi hat keo tich dién 4m nén chung
c¢6 kha ning hap phu cac ion c6 mit trong dung dich.

Chi thi dugc dung & day 1a Eosin 12 mét axit hitu co yéu. Trong dung dich ciing co
cinbang: HE = H' + E

Trude diém twong duong keo dién tich 4m nén khong hap phu E-. Sau diém twong
duong keo tich dién duong nén hap phy E- do d6 mau cia chi thi thay doi tir hong sang tim
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