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Chuong 1: MO PAU

1.1. Poi twong, nhiém vu ciia phén tich dinh lrong
1.1.1. Vi tri, chirc nang

1.1.2. Qud trinh phdn tich déu bao gém cdc giai doan co ban sau

-Chon mau dai dién (chon mot phan nhé mau dai dién cho toan bo dbi tugng
can phan tich), cong viéc ndy can phai dugc quy hoach trudc.

-Chuyén chét phan tich vé dang dung dich: hoa tan hoan toan miu trong dung
moi thich hop, tién hanh phan tich theo phwong phap d& chon. Néu phan tich bang
mét sé phuong phap vat 1y thi ¢6 thé khong can hoa tan mau nhung can phai xir Iy
héa hoc truée.

-Téch hodc che cic cu tir can trd cdu tir chinh (dung phuong phap hoa hoc,
hoa ly, vat 1y). Vi du: dé xac dinh Ni** c6 mat Fe** bang dimetylglioxim thi can
chuyén Fe®* thanh Fe** sau d6 che Fe®*'bang F~ & dang FeFg”.

-Tién hanh phan tich theo phuong phap d4 chon.

-Tinh két qua (danh gia két qua va do chinh x4c phan tich).

1.1.3. Phan logi cdac phwong phap phan tich
1.1.3.1. Cac phwong phap phdn tich héa hoc

-Phuong phéap phan tich khdi luong: dwa vao viéc can san pham tao thanh sau
qua trinh thuc hién phan tng tao két taa tir @6 xac dinh ham lugng cau tir cAn phan
tich.

-Phuong phép phén tich thé tich: Dya vao viéc do chinh xé4c thé tich dung
dich thudc thir c6 ndng d6 chinh xac dé tinh ham lugng cau tir can phan tich.
1.1.3.2. Cac phwong phap phan tich cong cu

-Céc phuong phap vat Iy: dua trén viéc do mot tinh chat vat 1y nao d6 (d6 hap
thu anh sang, 46 dan dién, dién thé, cuong do dong, cuong do buc xa dién tir,...) ma

tinh chat nay 12 ham luong cua khéi luong hodc cta ndng do cua cdu tir can phan



tich. Vi du: dé xac dinh ham luong Bi** ¢6 thé do d6 hip thu anh sang Bil; & budc
s6ng 450nm vi cudng d6 mau cua dung dich ndy ti 18 thuan véi ndng do cia né.

- Cac phuong phéap hda ly: trong nhiéu truong hop, phan timg héa hoc dong
vai tro rat quan trong dé chuyén céu tir phan tich thanh dang c6 tinh chat vat 1y c6
thé do dugc. Vi du: dinh luong Fe3™: ding thudc thir axit sunfosalixilic trong moi
trudng amoniac dé chuyén vé dang phirc Fe(Ssal);> mau vang, do d6 hap thu tir 6
xac dinh duoc ndng d6 cua Fe**.

Hai yéu t6 quan trong dé phan loai cac phuong phap phan tich 1a: kich thudc
mau thir va ham lwong phan trim ciia ciu tir can phan tich.

-Mau ban vi: 0,01-0,1g; mau vi luong: 0,001-0,01g; mau siéu vi luong
<0,001g.

-Cu tir 16n: 1-100%; bé: 0,01-1% va vét<0,01%.

1.2. Biéu dién két qua trong PTPL

1.2.1. Cach biéu dién két qud phan tich: biéu dién héa hoc, sé hoc
1.2.1.1. Biéu dién héa hoc

Biéu dién cdu tir phan tich theo dang f6n tai cua nd trong chat phan tich. Vi
du: Cr**, Cry0,%, CrO,%,....

Biéu dién cdu tir phan tich dudi dang nguyén té hoic dudi dang oxit thudng
&p dung ddi v6i cac hop chéat chua biét chinh xac thanh phan hodc khi khéng can
xac dinh truc tiép thanh phan. Vi du: d6i véi miu vo co phitc tap chia oxi nguoi ta
thudng biéu dién cac ngguyén té dudi dang oxit: Fe — Fe304, Si — SiO,...
1.2.1.2. Biéu dién s6 hoc

Ham lugng cau tir ¢ trong mau phan tich thuong dugc biéu dién theo phan
tram khdi lugng ciu tir trong mau:

khoiluongcautuphantich
khoiluongmau

100%

q% =

q% = 2100%
Q
Néu ham luong cu tir trong miu qué bé thi biéu dién theo phan triéu (ppm):
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a
q% = —10°
Q

Trong nhiéu truong hop, chiing ta khong thé xac dinh tryc tiép cu tir trong
mau ma phai thong qua khdi lwong cia mot hop chét thich hop. Lic d6 can phai
nhan thém thira s6 chuyén khéi K, dé chuyén khéi luong hop chat xac dinh sang

khéi lugng ctia chat phan tich.

1.2.2. Biéu dién nong dé trong PTPL

1.2.2.1. Nong dé phdn tram(%)

1.2.2.2. Nong dé mol ( M, mol/lit )

1.2.2.3. Ndng do dvuong luong(N) va do chuan

- 10d.C%
D

Quan h¢ gitra C%, Cy va LN : Cn=n.Cy : Cy

D6 chudn 1a s6 gam (hodc miligam) chét tan trong 1 ml dung dich. P9 chuan
dugc dung dé biéu dién ndng do cac dung dich chuan.

a

(a: s6 gam chit tan, V: thé tich dung dich ml)
vV (ml)

Cong thtc tinh: T =

1.3. Sai so trong PTPL

1.3.1. B¢ dung va do lap (do chinh xac)

D¢ diing phan anh sy phil hop gitta két qua thuc nghiém thu dugc voi gia tri
thuc cua phép do.

Tham sé danh gia do ding 12 sai s6 tuyét d6i d va sai s6 twong ddi A%:

d=Xi-p A% =3100%
U

Sai 6 tuyét d6i d phan anh su sai 1éch giira két qua do Xi va gia tri thuc .

Sai sb tuong doi phan anh dg 1€ch tuong ddi cua két qua do voi gia tri thuc.

D6 Iip phan anh su phl hop giira cac két qua thu dugc trong cac thi nghiém
lap lai trong clng mot didu kién thuc nghiém gidng nhau. Két qua phan tich c6 thé

c6 d6 1ap cao nhung khong dung va nguoc lai.
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1.3.2. Sai 6 hé thong

Sai s6 hé thong (sai s6 xac dinh) 14 c4c sai s6 do cac nguyén nhan ¢ dinh
gay ra, no lap di lap lai trong moi thi nghiém. N6 phan anh su sai 1éch giira cac gia
tri trung binh véi gia tri thuc nén sai s6 nay noi lén ¢ dang ctia quy trinh phan tich.

Nguyén nhan sai s6 hé thong 1a xac dinh va vé nguyén tic co thé biét duoc.
M®i loai sai s6 hé thong 1am cho két qua phan tich dich chuyén theo mot chiéu nhét
dinh ( tang hoac giam) (cac gia tri thyc nghiém déu nam vé mot phia cua gia tri
thuc), nd ludn co6 diu + hay -.

Sai s6 h¢ thdng c6 thé khong doi hay thay doi tiy theo diéu kién.

Mot s6 loai sai s& hé théng trong phan tich hoa hoc:

-Sai s6 do mau do: gay ra khi mau phan tich khong dai dién

-Sai s6 do dung cy: du it hay nhiéu cac dung cu do luong ludn c6 sai s6 hé
thong. Sai s6 dung cu thuong dé phat hién va hiéu chinh dugc bang cach dinh ky
chuan hoa cac dung cu trong ptn.

-Sai s6 do phuong phap do: phuong phap do ludng ciing gay sai sd hé théng.
Vi vay khi 4p dung mot phwong phap méi dé phan tich ludn phai xay dung va thaim
dinh quy trinh dé chimg minh mét cach khoa hoc rang sai sb ciia phwong phap 1a rat
thap va c6 thé chap nhan dugc. Sai s do phuwong phap thuong khé phat hién va la
nguyén nhan chinh gay ra sai s6 hé thong.

-Sai s6 do ngudi 1am cong tac phan tich : ddi héi c6 k§ nang nghé va kinh
nghiém phan tich. Sai s6 do c4 nhan 12 diéu khong tranh khoi, vi du: mdi ca nhéan c6
mot kha nang quan sat mau riéng, doc vach buret, doc tin hi€u trén may do,... déu
dan dén sai s6. Sai s6 do c4 nhan c6 thé khic phuc dugc khi thao tac ding theo quy
dinh va nhiéu nguoi phan tich cing thuc hién trén mét mau thir.

1.3.3. Sai $6 ngdu nhién
Sai s6 ngau nhién do nhimg nguyén nhan ngiu nhién, khong xac dinh va bién

thién theo céc chiéu khac nhau (luc tang lac giam).



Sai s6 ngiu nhién ludn xuét hién du phép phan tich duoc thyc hién hét stc
can than va cic diéu Kién thi nghiém dugc giir nghiém ngat

Sai s6 ngau nhién khdng bi triét tiéu ma chi co thé giam bang cach do lap lai
nhiéu lan trong nhirng diéu kién thuc nghiém duogc gilr ¢ dinh nghiém ngat va duogc

xt 1y bang toan hoc thong ké.

1.3.4. Pdanh gid sai s6 cia phép do truc tiép

Phép do truc tiép duoc thue hién khi so sanh vat do véi vat chuan nhu can,
do thé tich. M&i phép do truc tiép déu méc sai sé ngdu nhién. Khi tién hanh phan
tich ta thuong tién hanh mot s6 phép do doc 1ap trong cling mot diéu kién giong
nhau sau d6 tién hanh xir 1y thong ké dé danh gia d6 chinh xac caa phép do. Cac dai
luong dic trung thong ké quan trong nhat 13 gié tri trung binh cong va phuong sai.
1.3.4.1. Gia trj trung binh céng (X))

L& gia tri gan v6i gia tri thuc cua dai luong can do v6i xdc sudt cao nhat
trong s6 cac gia tri do duoc cia dai lugng can do.

Gia sir ta tién hanh n phép doc 1ap dai luong X voi cac két qua: X1,
X2,...Xn:

1.3.4.2. Phuong sai (s°)
Phuong sai phan anh d6 phan tan cia cac gia tri do duoc, 1a gié tri trung binh
cong cua cac binh phuong hiéu gitra cac gia tri riéng I¢ do dugc va gia tri trung binh,

biéu dién theo cong thirc:

2

z_izzll(Xi—)_()

S~ K
k: s6 bac tu do, néu chi c6 mot dai luong can do thi k =n - 1.

D6 léch chudn ciia phép do: s =+/s?



D6 1éch chuén cua dai lwong trung binh cong: S. =,|— =—F4
0 1€ u ua de Ong g ong " n \/ﬁ

Trong thyc t& dé tién tinh toan céc dai lugng X,s?,s , ngudi ta thuong chon

trong day gia tri n gia tri do duoc X1, X2,...,Xn mot gia tri C sao cho C = X . Sau

d6 tinh X va s? theo cac cong thic sau:

- Zn: Yi DX

X=C+-2— va g2 =i
n n-1
: Rk
oday: 1= X' =2y - — y. =X, -C
i=1 i=1

Vi du: Tinh gié tri trung binh cong, do 1éch chuan, phuong sai ctia phép xac
dinh phot pho trong chat diét tring theo cac s6 liu sau: P%:
16,2;15,4;17,5;15,9;16,3.

Chon C =16,3

stt - Xi% yi .10 yi~.100
1 16,2 -1 1
2 15,4 -9 81
3 17,5 12 144
4 15,9 -4 16
5 16,3 0 0

Ta c6: x:16,3+%=16,26
5 . 2
fo:z,42—( 02 2412

i=1



s% = 242 0,603

s=+/s? =0.7765 s =07765 4347

N

1.3.4.3. Hé s6 bién dong(v)

Gia st tién hanh n thi nghiém dugc cac gia tri X1, X2,...,Xn, tir cac biéu thirc

toan hoc ta tinh duoc X, s. Hé s6 bién dong v ctia phuong phap phan tich di trung
cho do 1ap lai hay do phan tan cia cac Kkét qua thi nghi¢m:

s.100

X

Tir d6 ta c6 thé tinh hé s6 bién dong theo d6 1éch chuan va nguoc lai.

%

Bién gidi tin cdy (¢):La gia tri tuyét d6i cua hiéu giita gia tri trung binh cong
X va gié tri thuc [ cua dai luong phai do: € = ‘X - #‘

Trong thyc té s6 luong thi nghiém n thuong 12 nhé nén dé tinh ¢ thudng ding
chuan Student (t) :

#{_X—u\/ﬁ:ﬂ_mg

S S ~Jn

X

t—‘

Va g dugc danh gia tmg véi mot do tin cay o dé cho. Vi du: a=0,95;0 =
0,99,....

& duoc tinh theo cong thitc: € :S)—(ta,k

VO tox: hé sO student tmg v&i s6 bac tu do k ctia phép do va do tin ciy o da
cho trong bang 1.1.

Khoang tin cdy cua gia tri do 12 khoang tai d6 c6 kha ning ton tai gi tri thyc

ctia phép do véi xac suat o dd cho: X—¢, Su<X+¢,

CAc gia trji hé s6 Student ing v6i o = 0,95; 0,99



a 0,95 0,99 a 0,95 0,99
Kk

1 12,706 63,657 14 2,145 2,977
2 4,303 9,925 15 2,131 2,947
3 3,182 5,814 16 2,120 2,921
4 2,776 4,604 17 2,110 2,898
5 2,571 4,032 18 2,103 2,878
6 2,447 3,707 19 2,093 2,861
7 2,365 3,499 20 2,086 2,845
8 2,306 3,355 25 2,060 2,707
9 2,262 3,250 30 2,042 2,750
10 2,228 3,169 40 2,021 2,704
11 2,201 3,106 60 2,000 2,600
12 2,179 3,055 120 1,980 2,671
13 2,160 3,012

Vi dy: danh gia do chinh x4c ctia két qua xac dinh ham luong phdt pho trong

chat diét tring trong vi du trén vai d6 tin cdy o = 0,95

X =12.26
Trabang t=2,776

Vay &a =S 1.x=0,347.2,776= 0,96

= X+6,5=1626+096 hay

s =0,347
X

(0= 0,95; k = 4)

1530 < p <17,22

Sai s6 twong dbi, tinh theo %(A%) ctia phép xac dinh duoc tinh:

A% =+%2100% va vi du ndy

X

A% =+
16,26

100% = +0,059%




1.3.5. Chi# 56 ¢6 nghia va cach ghi két qua phan tich
1.3.5.1. Chit 56 ¢6 nghia

Két qua cia mot phép do tryc tiép ciing nhu ctia mot thao tic phan tich phai
dugc ghi chép sao cho ngudi sir dung sb liéu hiéu duge mirc do chinh xac cua phép
do. Vi vay ngudi ta quy dinh viéc biéu dién két qua ctia phép do theo diing quy udc
Vé chit s6 c6 nghia.

Chir s6 c6 nghia bao gom cac chir s6 tin ciy cUng véi chir so6 bat dinh dau
tién. V& nguyén tic, s6 li¢u phai dwoc ghi sao cho chir sé cudi cling 1a bat dinh.

VD: 1,2 345 :5chirsd c6 nghia, 4 chir s tin cdy (1,2,3,4), 1 chit s6 bat dinh
(%)

Pbi véi két qua do truc tiép ta dua vao théng sé ky thuat cua thiét bi do dé
ghi chit s6 tin cy va chit s6 bat dinh.

Néu can trén can phan tich voéi do nhay + 0,1mg thi két qua phai duoc ghi dén
chiz s6 chi phan mwoi mg.

Vi du: 1,8925 gam ma khong ghi la 1,89 gam hay 1,892 gam, trong d6 cac
chir sé 1, 8, 9, 2 1& c4c chit s6 hoan toan tin cdy vi ta doc duoc tir qua can, con chir
s6 5 1 bat dinh vi duoc ghi wdc tinh trén thang chia. Trong két qua can nay, ta c6 5
chir s6 c6 nghia gdm 4 chit s tin cdy (cac chit sd 1, 8, 9, 2) va 1 chir s6 bat dinh
(chit s6 5).

Khi doc thé tich ghi trén buret duoc chia do dén 0,1ml thi két qua phai duoc
ghi dén chit s6 chi phan tram ml vi phan mudi ml 14 s6 chéc chan (tin cdy), con phan
tram ml 1a s6 ghi ngd (bét dinh).

Vi du: phai ghi V= 12,85ml ma khéng ghi 12,8ml hay 12,854ml

Pbi v6i két qua phan tich, ta dwa vao gi4 tri €, s dé biéu dién cac chir s6 tin

cdy va chir s6 bét dinh.

Vi du: ta tinh duoc X =3,86712 va & = +£0,005, nhu vay chit s6 thir ba sau ddu

phay 1a bat dinh va ghi két qua phan tich phai 1am tron dén con sé thir ba sau dau

phiy tirc 12 X =3,867 (= 3,867+0,005). O day c6 4 chit sé c6 nghia (bao gdm cic
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chir so tin cdy cling véi chir s6 bat dinh dau tién) (cac chir sé 3, 8, 6 — tin cay va
chit s 7 1a bét dinh).
1 chir s6 bat dinh (7)

1 = 3,867+0,005 4 chir s6 c¢6 nghia (3,8,6,7)

Vi

3 chit 6 tin cay

Trong trudng hop khong c6 thong tin bd sung thi ngam hiéu rang chit s6 cudi
cling c6 do bat dinh +1. Vi du: néu ghi pH = 6,77 ¢6 nghia 1a gia tri pH c6 thé dao
dong trong khoang pH= 6,77-6,79 va nhu vdy may do pH c6 d¢ chinh xac £0,01 dv
pH.

Poi véi chik s6 0: khong dugce tinh 13 s6 c6 nghia khi noé duoc dung dé thiét
lap diém thap phan, con chir s6 0 dung gitra hodc ding sau cac chir s6 khac thi duoc
tinh vao sé c6 nghia. Vi du: s6 0,02030 thi hai chit s6 0 ding trudce sb 2 khéng duge
tinh 1a s6 c6 nghia, hai chit s6 0 cOn lai 12 s6 c6 nghia, s6 ndy c6 4 chir s6 c6 nghia

(2,0, 3, 0) trong d6 2, 0, 3 1256 tin cay va 0 (chir sé cudi cing) la s6 bat dinh.

S6 khong c6 nghia 4 chir s6 c6 nghia (2,0,3,0)
0,0 030/
3 chir s6 tin cay(2,0,3) 1cht s6 bat dinh (0)

Poi véi cdc s6 phike tap ngudi ta thuong chuyén sang dang s liy thira thap
phan thi c4c s6 ¢ phan nguyén duoc tinh vao chit sé co nghia, cOn bac liy thira
khong dugc coi 12 chir s6 c6 nghia.

Vi du: 1705 = 1,705.10% ¢6 4 chit s6 c6 nghia; 0,000840 = 8,40.10™ c6 3 chit
s6 c¢6 nghia; 2,4 gam c6 2 chit s6 co nghia va néu quy ra mg thi phai viét 2,4.10°mg

(6 2 chir s6 nghia) ma khong duoc viét 14 2400mg (c6 4 chit s6 c6 nghia).
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Doi véi cdc s6 logarit thi cac chit s6 & bén trai diém thap phan (phan nguyén)
khéng duoc coi 14 s6 ¢6 nghia. Vi du: lgx = 3,45 ¢6 2 chit s6 c¢6 nghia (chit s6 4 va
5) con chit s6 3 1 bac cua lity thira.
1.3.5.2. Quy tdc /am tron sé

Pé tranh 1am giam d6 chinh xac cua két qua do viéc 1am tron sé ¢ cac giai
doan trung gian, trong cic phép tinh chi dugc dugc phép 1am tron & két qua cudi
cung.

-Phép cong va phép trir: chi gitr lai & két qua cudi cing mot sé thap phan
bang dng s6 thap phan cta sé hang c6 sd thap phan it nhat.

Y = 1,526 + 10,45 + 58,1 = 70,076 Két qua 1am tron Y = 70,1

Y =1158,451 — 415,28 = 743,171 Két qua lamtron Y = 734,17

-Phép nhan va chia: can giit lai ¢ két qua cudi cing mot sé chit sd c6 nghia
bang dng s6 chir s6 co nghia cta thira s ¢ s chit s6 c6 nghia it nhét.

y ~ 1712000279 ) 3589 10%  Két qua lam tron Y = 1,36.107
35,1497
-Phép tinh logarit
VD: tinh logarit cia Y = 6,19.10°®
Log Y = -8+0,7917 = -7,208 (c6 3 chir s6 co nghia 13 2, 0, 8 tuwong tu
trong Y ¢6 3 chit s6 c6 nghia.
VD: cho pH = -Ig|H " |= 11,15. Tinh [H"|
[H*|= 10"*°=7,0795.10™ lam tron [H*]=7,1.10™ (6 2 chit s6 c6
nghia twong tu & gi tri pH c6 2 chit s6 c6 nghia).

12



Chuwong 2: PHAN TiCH KHOI LUQNG VA PAI CUONG
VE CAC PHUONG PHAP PHAN TiCH THE TIiCH

2.1. Phan tich khoi lrgng

2.1.1. Nguyén tac chung. Dang két tia va dang cdn

Phan tich khdi luong 14 phuong phap phan tich dinh lugng dwa vao viéc can
khéi luong san pham tao thanh sau phan tmg két tia bang phuong phap hoa hoc hay
phuong phap vat li. Do chat phan tich chiém mot ti 1& xac dinh trong san phadm dem
can nén tir khdi lugng san pham dé dang tinh duoc luong chat phan tich trong dbi

tuwong phan tich.

2.1.2. Phan loai
Bao gdém: phuong phap tach, phuong phap cat va phuong phap két taa
2.1.2.1. Phuong phap tach
2.1.2.2. Phuong phdp cat (Iam bay hoi)
2.1.2.3. Phuong phdp lam két tia

Dang két tia 13 hop chat tao thanh khi cho thudc thir 1am két tia phan tng
VGi cdu tir can phan tich.
Dang cdn 1a san pham cudi cing sau khi nung dén khéi luong khong doi,
dem can dé tinh ham luong chét phan tich.
Dang két tiia c6 thé hodc khong phai dang can.
Vi du: BaSO, : dang két tua, dang can.
Fe(OH); :dang két tha ; Fe,03 dang can
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2.1.3. Diéu kién dé tién hanh phdn tich theo phwong phdp két tia
2.1.3.1. Thudc két tiia

2.1.3.2. Lirong chdt phan tich

2.1.3.3. Nong dé thuéc thir

2.1.4. Loc va ria két tiia

Loc két tua: Két tia duoc loc bang gidy loc khong tan, c6 d6 day mong khac
nhau phu thudc vao kich thudc cia cac phan tir két tua can loc.

Rira két tia:Dé dudi hét chit ban, ké ca nudc cai ra khoi két tia, ¢ thé ding

cac loai nudc rira sau:

Ky thudt riva két tia:

Trudc hét can dé lang sau mdi 14n rira két tiia trong cde va chi khi gan sach ta
méi chuyén toan bo két tia 18n gidy loc va rira trén gidy loc.
2.1.5. Chuyén dang két tiia thanh dang cdn
2.1.6. Sy hiit am ciia két tia
2.1.7. Pham vi itng dung ciia phwong phdp phén tich khoi leong

Phuong phap phan tich khéi lugng cho két qua kha tin cay va chinh xéc khi
xac dinh cac cau tir lugng 16n va trung binh véi sai s6 thudng tir 0,2-0,4%.
2.2. Pai cwong vé phan tich thé tich

2.2.1. Pai cuong

Phuong phap phan tich thé tich 12 phuong phap phan tich dinh luong dya vao
viéc do chinh xac thé tich ctia dung dich thudc thir (B) d4 biét truéc ndng d6 chinh
xé&c (dung dich chuan) tac dung vira dii voi mot thé tich nhét dinh ctia chét can phan
tich (A).

Nguoi dit co s& cho phép phan tich thé tich 12 nha bac hoc J.L.Gay Lussac.

2.2.2. Mt s6 dinh nghia va khai niém co bdn
A + B — > C
(chat xac dinh)  (dung dich chuin B)
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Quaé trinh dinh phdn 1a qué trinh thém tir tir dung dich chuan B (d4 biét nong
d6) tir buret vao dung dich chat xac dinh A dé tién hanh phan tmg phén tich.

Piém twong dwong 1a diém ma chat B thém vao vira du dé tac dung hét véi
chat A theo phuong trinh phan ung.

Pé nhén biét diém twong duong thuong nguoi ta ding chi thi. Chét chi thi
cho tin hi¢u nhat dinh (d46i mau, két tua,...) tai diém twong duong trong qua trinh
dinh phan. Thoi diém ma chat chi thi cho tin hiéu thay doi rd rét d¢é dwa vao do ta
két thuc qua trinh dinh phan goi 1a diém két thiic dinh phédn hay diém cudi.

Trong thyc té, diém tuong duong va diém cudi khong tring nhau va gay ra
sai s6 ctia phép chuan do.

Dung dich chudn goc 1a dung dich chat B da biét ndéng do chinh xac. C6 2
phuong phap pha dung dich chuan

Piéu kién cia chdt goc:
2.3. Phan loai cac phwong phap phén tich thé tich

+Phuong phép chuan d6 axit —bazo

+ Phuong phap chuan d6 tao phic

+ Phuong phap chuan d6 két tia

+ Phuong phap chuan d6 oxi hoa-khtr
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2.4. Cac cach chuan do
2.4.1.1. Chudn dé truc tiép
2.4.1.2. Chudn dé nguoc
2.4.1.3. Chudn dé thay thé
2.4.1.4. Chudn dé gian tiép
2.4.1.5. Chudn dé phdin doan

2.5. Tinh két qua trong phan tich thé tich
2.5.1.1. Truwong hop chudn dé trye tiép
2.5.1.2. Truwong hop chudn dé nguoc
2.5.1.3. Truong hop chudn dé gian tiép
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Chuong 3: PHUONG PHAP CHUAN PQ AXIT-BAZO

3.1. Nguyén tic ciia chuin d¢ axit — bazo

Phuong phap chudn dd axit bazo 1a phuong phap phén tich thé tich dwa vao
phan ing trung hoa : A; + B, = B; + A, (A, B la axit, bazo tuong Gng).

Phuong phap niy dung dé xac dinh chi yéu cac axit, bazo ( hodc cac chat co

tinh axit, tinh bazo ).
3.2. Chat chi thi trong chuin d axit — bazo
3.2.1. Khéi niém

CAac yéu cau d6i voi chat chi thi axit bazo 1a:
3.2.1.1. Li thuyét vé chat chi thi axit bazo

1)Thuyét ion:

2)Thuyét nhém mang mau:

3) Thuyét ion-nhém mang_mau:
3.2.1.2. Khodng déi mau cua chdt chi thi

Khoang d6i mau cua chat chi thi axi&bazo 1a khoang gia tri pH trong d6 khi
pH cua dung dich thay do6i thi mau cia chat chi thi cling thay d6i theo ma mat ta
nhan thay duoc.

& pH= cht—lg[{:LnTw}] )
pK = - IgK¢ : goi 1a chi sé cudng do cua chét chi thi.

(2) 1a phuong trinh co ban biéu dién su phu thuéc mau cua chét chi thi véi
pH cua dung dich .

Theo (2), khi thay d6i pH cta dung dich , ti s6 [HInd®] / [Ind ] ciing thay d6i.
Trong thyc té, ngudi ta nhan thiy rang khong phai moi su bién ddi gia tri pH cua
dung dich déu dua dén sy d6i mau cua chat chi thi ma mat ta c6 thé nhin thay duoc.
Mt ta chi nhan thay duoc chét chi thi c6 mau cia mot dang hd bién khi nong do cua
dang ndy 16n hon ndng d6 cua dang kia mot s6 1an nhat dinh ( tuy theo mdi loai chat

chi thi)
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Vi du: Péi v6i metyl da cam ta nhan thdy mau thay d6i nhu sau:
Mau d6 khi [HInd®]/[Ind ] > 4,5;pH < 3,1
Mau vang khi [HInd®] / [Ind ] < 4,5; pH >4,4
Khi pH < 3,1 mat ta thdy metyl da cam mau do
Khi pH > 4,4 mét ta thay metyl da cam mau vang

Khi thay d6i dan gia tri pH tir 3,1 dén 4.4, mau cia metyl da cam thay doi
dan tir 46 dén vang va nguogc lai. Khoang gia tri pH tir 3,1 dén 4,4 hay 4,4 dén 3,1
tmg v6i su d6i mau d6 goi 1a khoang d6i mau cia chat chi thi axit bazo.

Vi du : ddi v6i chi thi phenolphtalein, ti s6 [HInd®] / [Ind" ] =10, K = 107 ;

pH = pK* 1 nén khoang d6i mau tir 8-10.

Viy khoang d6i mau ciia chét chi thi axit bazo 1a khoang gia tri pH trong d6
khi pH cua dung dich thay doi thi mau cua chat chi thi ciing thay d6i theo ma mat ta
nhan thay duoc.
3.2.1.3. Chi 56 dinh phén pT ciia chat chi thi

Ngudi ta nhan thay rang trong khoang doi mau cia chat chi thi axit bazo c6
mot gia tri pH ma tai d6 mau cta chét chi thi thay d6i rd nhat. Gia tri pH d6 goi 1a
chi s6 dinh phan cua chat chi thi (pT). Vdy chi sé dinh phdn ciia chat chi thi axit
bazo la gia tri pH nam trong khodng déi mau ma tai gid tri pH ndy Mau Cia chat
chi thi bién doi 16 nhat.
3.2.1.4. C4c yéu t6 anh hwéng dén khodng déi mau cia chat chi thi

1)Hiéu tmg mudi cua cac chét dién li:

2)Anh hudng cua nhiét do:

3)Anh huong caa dung moi:.

4)Thtr ty dinh phén
3.2.2. Sai 6 chi thi ciia phép chudn d¢

Trong phan tich thé tich nodi chung, ngoai sai s6 do dung cu va sir dung né

(pipet, buret, binh dinh mirc,...) gdy nén con sai s6 do pT cua chat chi thi khong
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tring véi pH & diém twong duong. Sai s6 chi thi 12 sai s6 do diém cubi dugc nhan ra
bang chét chi thi co pT khong trling véi diém tuong duong.

3.3. Cach x4c dinh diém twong dwong trong phwong phap trung hoa véi dung
moi nwéc

3.3.1. Khéi niém dwong dinh phdn (duong cong logarit)

Qua trinh chuan d¢ axit bazo khong kém theo hién tugng bén ngodi ma mat
ta quan sat duoc (khong thay doi mau sic, khong tao két tiia) nén dé xac dinh diém
tuong duong phai ding chét chi thi. Néu biéu dién su bién d6i trén mot hé truc toa
d6 gdm: truc tung biéu dién sy thay ddi cua pH, truc hoanh biéu dién luong thudce
thir thém vao (% hay Vml) ta s€ dugc mot duong cong lién tuc: dudng cong logarit
hay duong cong dinh phan.

Vay duong dinh phan 1a db thi biéu dién sy bién do6i tinh chat nao d6 cia
dung dich chét nghién ctru theo lugng thude thir thém vao trong qua trinh dinh phan.

Cu thé, dudng dinh phan axit bazo 14 mot duong cong logarit biéu dién sy
thay d6i cta pH (truc tung) ctia dung dich chat nghién ctru (axit hay bazo) vao luong
thudc thir (bazo hay axit ) (% hay Vml) thém vao trong qua trinh dinh phén.

Bang tinh toan va thuc nghiém déu thdy rang pH cta dung dich trong qua
trinh chuan d6 thay d6i dot ngdt khi chi thém mot lugng nho thé tich dung dich
chuan. Khoang pH nay goi 1a budc nhay cta qua trinh chuan do va dua vao d6 dé
chon chat chi thi thich hop.

3.3.2. Nguyén tac xdy dung dwong dinh phdn axit bazo

N&i céc gi tri pH tai cac thoi diém trén ta c6 duong dinh phan

A p

Budc nhay
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3.4. Chuin @9 axit manh va bazo manh

3.4.1. Chudn do axit manh bcing bazo manh

pH

917 A

4,3

100 g

VNaOH

Puong chuan d6 dung dich axit HC1 0,1 N bang dung dich NaOH 0,1M
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3.4.2. Chudn do bazo manh bc%ng axit manh
3.5. Chuin @9 don axit yéu va don bazo yéu
3.5.1. Chudn d¢ don axit yéu CH3COOH bdng bazo manh NaOH

A

pH

10,6 ol

( A
88 Buoc nhay
6’8 v
1
2
100 VNaoH
3.5.2. Chudn d¢ don bazo yéu NH3 bdng axit manh HCI
pH A
6,26 \\ A
5,28 Budc nhay
4,3 v
100 ”
Ve (ml)

Puong chuan d6 dung dich NH,OH 0,1 N bang dung dich HCI 0,1 N

21



3.6. Chuén d¢ da axit va da bazo
3.6.1. Chudn d¢ da axit bang don bazo manh

Khao sat qué trinh chuan d6 100 ml dung dich HsPO, 0,1M bang dung dich
NaOH 0,1M.

H3PO4 = H+ + H2PO4- K1:7,51.10-3 ; pK1:2,15
H,PO, = H" + HPO,” K1=6,23.10° : pK,=7,20
HPO,” = H" + PO, Ki=2,2.10"° : pK;=12,38

Theo cé&c nac phan ly trén, dung dich HsPO,4 coi nhu hdn hop cia 3 axit:
H3PO4, H,PO,, HPO,Z Véi cac ndng dd C1, C2, C3 vi Ky >> K, >> Kj Vi vay Khi
ding NaOH chuan d6 thi HsPO, s& duoc trung hoa lan lugt timg nic 1:

HsPO, + NaOH — NaH,PO, + H,0  diém tuong duong 1
H,PO, + NaOH = Na,HPO, + H,0  diém twong duong 2
HPO,“+ NaOH —»Na;PO, +H,0  diém tuong duong 3

*Tinh pH cta dung dich tai cac thoi diém:

pH A H3PO,
/'
4 NaH,PO,
5
Na,HPO,
9
13 T
1 2 3
S6 mol NaOH

*Nhan xét:
-Puong dinh phan c6 3 diém twong duong. Tuy nhién chi c6 diém tuong

duong thur 1 va 2 1a ¢6 budc nhay.
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Pé co duoc bude nhay, tic 1a ¢6 thé xac dinh dugce diém tuong duong tng
v&i mbi nac thi hang sé K; ciia mdi nac phai cach nhau it nhat 10* lan.
Trong thuc té c6 thé dinh phan dén nic thi 3 bang cach gian tiép nhu sau:
Cho tac dung v&i CaCly, luong HCI giai phong dugc xac dinh bang NaOH:
2H3;PO, + 3Ca** = Cay(P0O,), + 6H"
6H" + 60H = 6H,0
-Chon chi thi: Pé xac dinh diém tuong duong thir nhat 1 dung metyl da cam,
diém tuong duong thir 2 dung phenolphtalein.

3.6.2. Chudn d¢ da bazo bang don axit manh
Xét cy thé: Lap phuong trinh duong dinh phan 100 ml dung dich Na,COs
0,AM bing dung dich chuian HCI 0,IM véi K; = 4,3.107, K, = 4,8.10™
(pK1=6,36, pK,=10,3)
COs” +H" = HCOy (1)
HCO;+H" = H,CO; )
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Chuong 4: PHUONG PHAP CHUAN PO TAO PHUC

4.1. Giéi thiéu cac complexon
1)Complexon I la axit nitriltriaxetic (NTA), ki hiéu:HzY, con goi 1a trilon A.
CH,COOH
N CH,COOH
CH,COOH
Complexon | tao phitc kém bén véi ion kim loai nén it ding.
2)Complexon 1l la axit etylen diamin tetraaxetic (EDTA), ki hiéu : H,Y, it
tan trong nudc.
HOOC-CH, CH,-COOH
™ N-CH,-CH,-N
HOOC-CH, / CH,-COOH
3) Complexon 111 (trilon B) : mubi dinatri cua axit etylen diaminotetra axetic
(mubi dinatri cia EDTA), ki hiéu : NaH,Y?, trong phong thi nghiém van hay quen
goi la EDTA.

NaOOC-CH, CH,-COOH
~
N-CH,-CH,-N
HOOC-CH, 4 CH,-COONa

4.2. Su tao phirc cia EDTA véi cac ion kim loai
4.2.1. Phan wng tao phirc
Mot trong cac axit amino polycaboxilic dugc ing dung rong rdi va som nhat

trong phan tich thé tich 1a axit etylen diamin tetra axetic (EDTA):

HOOC-CH;, /CHZ-COOH
\
/

N-CH,-CH,-N
HOOC-CH, \CHZ-COOH
EDTA la axit 4 nic HyY: K; =107 K,=10" K;=10"" K, =10""%,
EDTA it tan trong nuéc, vi vy hay dung dudi dang mudi dinatri Na,H, Y,

thuomg goi 1a complexon 111 (théi quen van goi 1a EDTA)
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EDTA tao phirc bén véi cac ion kim loai va trong hau hét truong hop phan
g tao phtic xay ra theo ti 18 ion kim loai : thudc thir = 1: 1:
Mn+ + Y4- _- MY(n-4)+
Vi hang s6 bén B kha cao.
Thuodng thi cac phép chuan d6 complexon dugc tién hanh khi c6 mat cac chat
tao phirc phy dé duy tri pH Xac dinh nham ngan ngira sy xuat hién két tia hydroxit
kim loai.

Sy phén ly cua thudc thi:

HyY == H" + HyY’ K,
(1)

HyY == H' + H,Y?* K,
(2)

H,Y? == H* + HY® K,
(3

HY® == H" + HY" Ky
(4)

Su tao phtrc hodroxo cua ion kim loai:

M™ + H,0 == MOH"™* + H* B,

(5)

M +2H,0 == MOH®2* 4 oH* B,
(6)

M™ + jH, 0 == MOH™" + jH* B,
(7)

(j =1 — N’ v6i N”: s6 phan tir nuéc ma ion kim loai co kha
nang tao phurc hidroxo t6i da).
Su tao phurc phu cua ion kim loai:
M™ + X == MX B1
(8)
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M™ + 2X == MX, B,

9)
M™ +nX == MX, Bn
(10)
(n =1 — N véi N: s6 phan tir X ma ion kim loai c¢6 kha nang tao phirc phu t6i
da).
Phan ng tao phtic chinh giita EDTA véi ion kim loai:
M™ + Y¥ = mMy®* Bumy
(11)
Su tao phtrc chira proton hodc tao phirc hydroxo cta phtre tao thanh:
MY + H® == MHY Kmny
(12)
MY + OH == MOHY Kmowny
(13)

(dé don gian khong ghi dién tich cta cac phan tir)

4.2.1.1. *Su tao thanh cac complexonat

NaOOC-CH, B B CH-CHOO
>N <0H2-0H27N/
OOCCH; Ca \CHZ-COONa

/\

Phén tng gitta complexon III va ion kim loai Me"" nhu sau:

Me?* + H,Y? == MeY? + 2H"
Me** + H,Y? == MeY + 2H'
Me** + H,Y? == MeY + 2H'

4.2.2. B bén phirc chat, hang s6 bén diéu kién
Pé don gian va dé dang khi tinh dudng chuan do ching ta ding phuong phap

gan dung dya trén viéc sir dung hing sb bén diéu kién:
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(14)

Trong do:

[MY] = tong ndng do cac dang ton tai ciia phirc giita ion kim loai vda EDTA
[MY]=[MY] +[MHY] + [MOHY] (15)

T6 hop (15) véi dinh luat tac dung khéi lwong ap dung cho (12) va (13) ta co:
[MY]'= [MY](L + Kuuv[H'] + Kuonv[OHT] (16)

[M] = téng ndng d6 cic dang ton tai cua ion kim loai trir cic dang tao phirc

v6i EDTA, ttc 12 ndng do ion kim loai chua bi chuan d6

[MI'= [M] + 3 [(MOH) ]+ 3" [Mx] 17)

j=1 n=1

T6 hop (17) véi dinh luat tac dung khéi lwong ap dung cho (5-10) ta co:
, N' - N .
MI'=[M] @+ Y B H ]+ BX] (18)
j=1 n=1

[Y]’ = téng ndng d6 cac dang ton tai cia EDTA trir cac dang tao phiic voi ion
kim loai
[Y]" =[Y] + [HY] + [H2Y] + [HsY] +[HsY] (19)
T6 hop cac biéu thirc dinh luat tac dung khéi lwong ap dung cho (1-4) ta co:

h* + K.h® + K,K,h?* + K,K,K,h + K K,K,K,
[Y] - [Y]( K1K2K3K4 ) (20)
(h=[H")
T6 hop (14, 16, 18, 20) ta co:
p=pnts (21)
Ay
Trong do:
omy = (1 + Kyuyh + Kyony[OHT])™ (22)
N' ) N .
aw =(1 + Y 50T+ YR IXT)? (23)
j=1 n=1
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K, K,K;K
Qy = h* 3 ; v (24)
+ Kh* + K,K,h* + KK, K;h + K K, K, K,

(B*: hang sd tao phitc hydroxo, p: hang s6 tao phitc MX,,)
Nhu vay hang s6 bén diéu kién phu thudc vao pH cia dung dich va nong do
chat tao phirc phu X. Trong trudong hop khong c6 hoic bo qua chét tao phuc phu thi
B’ chi phy thudc pH (6 mét gia tri pH d& cho cé mot gia tri f’tuong ing).

4.3. Tinh nong d9 ion kim loai trong qua trinh chuan d9. Sai s6 chuan d9
4.3.1. Tinh néng d¢ ion kim logi trong qud trinh chudn dé

Ta hdy thiét 1ap phuong trinh tong quat cua qué trinh chuan d6 dung dich
mubi kim loai M (C,, V) bang EDTA (C, V).

Ap dung dinh luat bao toan néng do dau ta co:

CVo et Tyl
C, = T [M]+[MY] (25)
cv o
C, = Vv [Y J+[MY] (26)
(25) trir (26) ta co: [M ]-[v 1= % (27)

Chia ca hai vé cho C,V,, bién doi ta duoc:

(MI-YD ey +1-F =0 (28)

Tir (14) ta co: v] :;[[“:AY]]’ (29)
 CoVe 1

(my}= VoV [M] (30)

Phuong trinh tong quat dugc to hop tir (28), (29), (30):

Tl Ll ) I I L (31)

1 OAY
BM] Vo+V B V, +V
Khi B’ > 10° ta c6 thé coi su phan li ciia phirc MY 13 khong dang ké, khi do:

(my]= VLOX% (32)
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Tinh toan mot s6 diém trong qua trinh chuan d¢:
-Trudc diém twong duong: [Y]” << [M]’ nén tir (27) ta co:

Vo +V

-Tai diém twong duong: F = 1, nén tir (28) ta co:

! W VotV
MHYDE =0
(34)
Tir (29),(32), 34) taco:  [M ]2 = %,Vcol’% (35)
Toe CV=CyV,taco: VCOX% - CCCjLOC (36) thay vao (35):
(¢} (¢}
- [1 cc 37
Mk = B Cy+C (37)

-Sau diém tuong duong: [M]’ << [Y]’nén tir (27) ta duoc:

Ccv -C.V
_ - *o'o 38
[Y]I Vo +V (38)
Tu (29) ,(32), (38) ta co: _ 1 CoVo 39
U (29) ,(32), (38) tacd:  [wm] TR (39)

[M] = [M]’. am hay pM=pM’-Ilgay (40)
voi pM = -Ig[M] va pM’ = -Ig[M]’
Vi du: Chuan d6 25,00 ml ZnSO, 0,001M biang EDTA clng nong d6 ¢ pH =
9,00 duoc thiét 1ap bang hé dém NH5+NH,CI trong d6 [NH;] = 0,100M. Tinh pZn

khi ¢4 thém : a) 24,00 ml b)25,00 ml  ¢)26,00ml  Cho Bzyy = 10'°°
(khong ké dén su tao phirc hydroxo ma chi tinh d&n su tao phirc ciia Zn** va
NH,)
Phan tmg chudn do: Zn** + Y* == ZnY* B = 3,16.10"
(41)
Hoic Zn" + H,Y* == ZnY?* + 2H"
Vi Cz12+ = Cepra NEN Vip = 25,00ml
Ap dung (23) va (24) ta co:
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1 1
= = ~1,4775.10°°
Dnze =77 BINH ]+ B,[NH.T + B,[NH,F + g,[NH,]'  6,7681.10*

K,K,K K,
h* + K,h* + K,K,h* + K, K,Kh + K KKK,

Oy =

Vih=10°<< K3 << K, , K; nén;

K 101026
Oy ~ L= 9 10,26
h+K, 107+10

B’ zny = Pzny- Ozno+.Ova. = 101°°.1,4775.10°.5,21.10% = 2,34.10' = 10"

=0,0521

a)Khi thém 24,00 ml (trudc diém twong duong), ap dung (33) co:

CoV, —CV _ 0,001.25,00 - 0,001.24,00
V, +V 25,00 + 24,00

[zn]= —3.4483.10°°

pZn = pZn’ - 1g oz, = -193,4483.10° — 1g1,4775.10° = 9,29
b)Khi thém 25,00 ml( diém twong dwong), ap dung (37) co;

1 CC 1 0,001.0,001 _
[Zn}D Y e e = 10,39 ° =107°%°
p Cy+C 10 0,001+ 0,001

pZn 1p= pZN’1p - Ig azy = - 1g10°%%*° —191,4775.10° = 11,68
¢)Khi thém 26,00ml (sau diém tuong duong), ap dung (39) co:

1 GV, 1 0,001.25,00 _ g
B CV -C,V, 10"* 0,001.26,00-0,001.25,00

[zn}=

pZn = pZn’ - Ig az, = -1g10%%% — |g1,4775.10" =13,82

A

pZﬁ

_I_IV
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Pudng chudn do 25,00 ml dung dich Zn** bang EDTA 10™°M trong dém
NH3+NH,CI trong d6 [NH3] = 0,200M

Nhdn xét:

+Puodng chuin do ciing c6 dang twong ty cac duong chuan do theo pp khac.

+0 gan diém tuong duong c6 budc nhay chuan do. Trong vi du trén, budc
nhay pZn 1a 11,10 — 12,25 (1,15 don vi pZn) néu coi sai s6 1a £0,1%; budc nhay
pZn 14 10,13 — 13,22 (3,1 don vi pZn) néu coi sai sb 12 +1%.
4.3.2. Sai $6 chudn d¢

Goi S 1a sai s6 chuan d6 va S = F-1, tir (28) ta co:

S=(vHMbey (42)
O gan diém twong duong coi CV~CoVonén \ZOX% = Ciioc (43)
Tir (29,30,42,43) ta c6 phuong trinh tong quat tinh sai so 1a:
Gy M
Hay S= ;.Wl}_(;+[m ]’)CégoC (44)

Khi p’ > 10° (phtrc bén) c6 thé coi [M]” >> ,Bi lGc nay pt sai s6 nhu sau:

-1 1 C,+C
M o

Vi du: Tinh sai s6 khi chuan d¢ 25,00 ml Zn** 0,001M bing EDTA 0,001M
& pH = 9 dugc thiét 1ap bang hé dém NH; + NH,CI trong d6 [NHs] = 0,100 M, néu
phép chuan d6 két thiic & pZn = 11,00 (khong ké dén sy tao phirc hydroxo ciia kém).

O pH = 9 theo vi du trén ta co:

oy, =1,4775.10°; ay = 0,0521; B’zny =101 > 10°

10711
1,4775.107°

_ 1078

Nén [Zn2+] =
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Thay cac gia tri vao (45) ta dugc:

S= %%_10*&1{w=_013%
107 10™ 0,001.0,001

Vidu: Chuan d6 25 ml CaCl2 0,001M bang EDTA clng néng d6. Tinh pCa
sau khi da thém 24,5 ml EDTA. a) 6 pH 6, b) d pH 10

Vi du: Xay dung duong cong chuan d6 50 ml Ca2+ 0,01M bang EDTA cling
nong do trong dung dich dém pH 10.

4.4. Céc chat chi thi trong phwong phap complexon
4.4.1. Y&u cau
4.4.2. Mét s6 chi thi kim loaiph(f bién
4.4.2.1. Eriocrom den T (ETOO)
L4 chi thi thuoc nhém phidm mau azo, dugc st dung nhiéu nhat.

Mau d6 khi ton tai trong dung dich ¢6 pH <7

OH OH

ol 1)

ON

Ky hiéu : HyIn (pK; = 6,3; pK; = 11,6) mang dién tich am vi trong phan ti
c6 nhém sunfo hda nho d6 nd c6 kha nang tan dugc trong nude. hai nguyén tu
hydro trong ky hiéu 1a proton cua cac nhom hydroxit chung bi tach ra khi kiém hoa
trong dung dich

pK1=63 HinZ pK2 =115 3

H,In
do xanh da cam
Néu chuan d6 ion kim loai M** ¢ pH = 7-11 bang EDTA dung chi thi
ETOO tai diém dimg chuan do:  MIn" + HY® ==HIn* + MY?*

In
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Mau chuyén tir d6 nho cia MIn” sang xanh cua HIn”.
Néu chudn do EDTA bang M** tai diém dung chuén do:
Hin + M* ==MiIn" + H'
Mau chuyén tir xanh ciia HIn® sang d6 nho cua Min',
4.4.2.2. Murexit
Thudc nhém pham mau azo va ciing hay dugc st dung.
Anion murexit c6 mau do tim.

Ky hiéu : HyIn". Bén nguyén tir hydro trong ky hiéu 1a proton cia cac nhom

amino.
Hin® == HsIn* + H* K, =107
Do tim tim
Hsln® == H,In* + H' K, = 10709
Tim xanh tim

Mau Ca Hyln : d6; CuHsIn, NiHyIn, CoH,ln : vang.

Khi chuan d6 véi chi thi murexit thuong dung méi trudng pH = 10-11 dé chi
thi giai phong c6 mau tim HzIn® 1 sy chuyén mau rd nhat.
4.4.3. Sy chuyén mau va do nhay cua chat chi thi kim logi

Hau hét cac chat chi thi kim loai 1a nhiing axit va bazo ma cac dang phan li
c6 mau khac nhau thay d6i theo pH va Sy d6i mau cua chét chi thi khi chuan do (d6i
mau tir mau ciia phuc giita kim loai va chi thi sang mau cta chat chi thi ¢ trang thai
tu do hay nguoc lai) phu thudc vao pH.

bé dac trung dinh luong cho su ddi mau cua chat chi thj kim loai nguoi ta
ding hang sb bén diéu kién cta phirc chi thi kim loai.

[Min]

[M][In]

M+In == Min B i = (46)

(dé don gian khong ghi dién tich cac phan tir)
[MIn]’: tong ndng d6 cac dang ton tai cta phuc gitra chi thi va kim loai
[MIn]’= [MIn] + [MIny] +...
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[M]’: tong ndng do cac dang ton tai ctia ion kim loai khong tao phirc voi chi
thi va voi EDTA
N’ N ,
[M] = [M] + Z[(MOH)J.]+ > [MX] X: chat tao phirc phu
j=1 n=1
[In]’: tong ndng d6 cac dang ton tai cua chi thi khong tao phirc v&i ion kim
loai
[In]” =[In] + [HIn] + [H2In] + ...

VL

Tir (46) ta co: B’min = Buin- (47)
A pin
N' N
Trong do:  om =(1 + ) B'h7 + > BIXT )t (48)
j=1 n=1
an = KKK, (49)

h®+ K,h* + K,K,h +K,K,K,

(B*: hang sd tao phitc hydroxo, p: hang s6 tao phitc MX,,)

Ti s6 [Mln] 1 ti s6 gitta néng dd chat chi thi ton tai dudi dang phuc kim loai

[in]
VGi ndng do cac dang chi thi ty do (khong tao phirc). Ti ndy quyét dinh sy chuyén
mau cua chat chi thi. Tir (46) ta tinh dugc nong do kim loai ty do [M]” tng véi thoi

diém chuyén mau:

,_ 1 [Min]
M]'= —. 50
[M] 5 [in] (50)
Gia thiét rang [IE/I”?] = p ¢6 su chuyén mau rf thi
al
P
M]’= 51
Mr= 2 G
Hay pM” = lg B’min - 1gp (52)

Néu chap nhan quy uéc thong thuwong mau chuyén r6 khi p > 10 (mau cua
MiIn chiém wu thé) hodc khi p < 10" (mau caa In chiém wu thé) thi khoang chuyén

Mau cia chat chi thi s& 13 : pM’ =1g B’win +1
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Vi du: p =1 nghia 1a sy chuyén mau xay ra khi 50% ndng d6 chét chi thi ton
tai & dang phurc voi kim loai va 50% ¢ dang tu do thi:  p[M]” = IgB’min. Tinh duoc
hang s6 tao thanh diéu kién p’win ta cO thé danh gia pM tai diém chuyén mau va
danh gia dugc sai sb chuan do.

Vi du: Chuan d6 Ca®* 1,00.10°M bing EDTA 1,00.10° M & pH = 10,0 duoc
thiét 1ap bang hé dém NH3+NH,Cl trong d¢6 [NH5] = 0,1M, diing ETOO Iam chi thi.

Hay danh gid sai s6 ctia phép chudn do khi két thic:

a)50% lugng chi thi tdn tai & trang thai tu do

1)90% lugng chi thi ton tai ¢ trang thai tu do

Phan tng gitra kim loai va chi thi:

Ca’" +In* == Caln’ Bcam = 10>

Phan trng chuan do:

Ca® +Y" == CaY” Beay = 10%%

Piém cudi chuan do:

Caln” +Y* == CaY* +In*
Céc phan ung phu:
Ca”™ +H20 == CaOH"'+H*  PB*caon: = 1072°
Hanm == H" +HIn* Ky =10"°
Hin” == H'+In* Ks=10™""°

DO B*caons = 107%° << [H]=10" nén acp. =1

Ap dung (24) dé tinh ay :

K 10710,26
4

Vi[H]1= 10" << K3 << K, << Ky nén: ay = =
[H] 3 2 1 YT heK, 10041007

= 0,447

Ap dung (49) cho chi thi phan ly 2 nac dé tinh o, :

o B 10717,9 B 1
T 10® 4103100 4107 41

thay cac gia tri acao+, oy Vira tinh dugc vao (47) va oy vao (21) co:

Cca@in

5 1
B’cain = PBcain - = BeainCin =105'4.E =10*"

Caln
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tuong tu ta dugc:

Ay

B’cay = Bcay - = Beay 0y =10%

Caly

a)Khi dimg chuan d tai thoi diém 50% luong chi thi ton tai ¢ trang thai tu

do:
T (50, 52) c6: pM’ = Ig B’cain = 3,79
Vi B’cay = 10'%%° > 10° nén &p dung (45) dé tinh sai so:
1 4791072 +10°
T T T FTE N
b)Khi dimg chuin do tai thoi diém 50% luong chi thi ton tai ¢ trang thai tu
do:
Tir(50yco: [Cal= L lCaIn)_ 1 1 o rcap=1810°
Bean ] Bean 9
-3 -3
S= 1 L 1810° 19 107 56

10"%* '1,8.10°° 107°10°°

4.5. Cac phwong phap chuin d§ complexon
4.5.1. Chudn dé truec tiép
4.5.2. Chudn dé nguoc
4.5.3. Chudn dé thay thé
4.5.4. Chudn dé gidan tiép
4.6. Cac phwong phap chuin d phirc chat khac
4.6.1. Chudn dé thity ngén
Phuong phap nay dya vao phan ng tao phtc gitta Hg®* v&i cac anion

haloganua, CN’, SCN',... véi chi thi 1a diphenylcacbazit, diphenylcacbazon trong

moi truong pH thich hop.
Vidu: Hg" + CI' == HgCI K,=5,5.10°
HgCl*+ CI' == HgCl, K, = 3,0.10°
HgCl, + CI' == HgCly Ks=7
HgCl;y+ CI° == HgCl, K; =10



Hai phan tng sau khong c6 gia tri dinh luong vi vay trong thuc té chi dua
vao 2 phan tmg dau.

4.6.2. Phuwong phap xyanua

Phuong phap nay dya vao phan g tao phurc gifta Ag'(dung dich AgNOs) va
ion xyanua CN" tao phirc [Ag(CN),]™:

Ag'+ 2CN° == [Ag(CN),I
Néu thira Ag" thi lai tao ra két taa:
[AG(CN).] + Ag® == Ag[AY(CN)2] ¥ (Tagagene = 10
12)

két thic dinh phan khi bat dau thay dung dich van duc do tao két taa
Ag[Ag(CN)] .

Phuong phap nay ding dé dinh phéan gian tiép mot s6 ion kim loai nhu : Ni**,
Co**, Cu®*, Zn** vi chiing tao dugc v6i CN™ nhitng phtrc chat bén hon [Ag(CN),]
va phan (mg xdy ra theo mot hé so ti lugng xac dinh.

Vi du : néu cho lugng du chinh xa4c CN” vao dung dich Ni** trong amoniac
thi toan bo Ni** s& & dang phirc [Ni(CN),4]* bén hon phac [Ag(CN),], do d6 co thé
dinh phan luong thira CN™ bang phuong phap trén.

4.7. Céc chit chi thi khac
4.7.1. Chi thi axit bazo

4.7.2. Chi thi oxy hoad khir
4.7.3. Chi thi dac biét
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Chuwong 5: CHUAN PO OXY HOA KHU

5.1. Chat chi thi trong chuin @9 oxy hda khir
5.1.1. Truong hop khdng ding chdt chi thi tir ngodi vao
5.1.2. DUNg chdt chi thi dwa tir ngodi vao
5.1.2.1. Chi thi dac biét
5.1.2.2. Chdt chi thi bdt thudn nghich
Loai chi thi nay c6 dac tinh 1& mau ctua dang oxy hoa va dang khur khac

nhau va khong bién dbi thuin nghich duoc.

Vi du : dinh phan dung dich Sb* bing dung dich KBrO; trong méi truong
axit voi chi thi metyl da cam hay metly do:

3Sb** + BrO; + 6H" = 3Sb** + Br +3H,0

dung dich s& c6 mau do. Néu cho thira 1,2 giot dung dich KBrOs thi s& ¢
phan Gng : BrO; +5Br ++6H" 3Br, + 3H,0

Br, sinh ra s& oxy hoa metyl da cam hay metyl do tao thanh 1 hop chat khong
mau, ta két thuc dinh phan.
5.1.2.3. Chdt chi thi oxy hod khir

Chat chi thi oxy hoa khtr 13 nhitng chét oxy hoa khir ma mau cua dang oxy hoa
(Indox) va dang khir (Indk, )1a khac nhau va ddi mau theo dién thé ctia dung dich,
ton tai trong dung dich theo can bang:
Indox + ne = Indkn
Thé oxy hoa cua hé oxy hoa khir 1ién hop nay tinh bang phuong trinh Nerst:

£ _go, 0059 [indg,]

n  [ind,, ]
Tuong tu cac chat chi thi axit bazo, mau sac ciia dung dich dugc quyét dinh
b ti s6: LMox]
[ind,, ]
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Mt ta co thé phan biét duoc mau cia mot dang ndo 1a tuy thudc vao ti sd
nong d6 dang oxy hoa va dang khir trong dung dich. Thudng thi mat ngudi c6 thé
nhan duoc mau cia dang oxy hoa hay dang khu khi ti s6 d6 hon kém nhau 10 lan,
nghia la:

Khi % > 10 : dung dich c¢6 mau dang Indoy,

Kn

0,059

tng voi dung dich ¢c6 E; > E° +
n

Khl [IndOX] < i dung dlCh co mé.u dang Inthi
[Ind,,] ~ 10

0,059
n

tng voi dung dich cO E; <E° -

Nhu vdy, mau cua chét chi thi trong dung dich s& bién ddi tir mau coa dang
Indox sang dang Indky, ( Mat nhan thiy dugc) tng vai thé cia E nam trong khoang:

0059 b g0, 0059
n n

EO

va khoang gidi han ndy goi 1 khoang d6i mau cia chat chi thi oxy hoa khir .

Vady khodng déi mau Cia chat chi thi oxy hod khir 14 khodng gid tri dién thé
E ma trong khodng dé khi E ciia dung dich thay déi thi mau Ciia chdt chi thi oxy hod
khit thay doi (mdt nguwoi nhan thdy dwoc).

Luu y: do 0,059/n 1a qua nho, trong thuc té khoang doi mau gan tring véi gia
tri thé E° caa chit chi thi oxy hoa khtr nén nguoi ta chi quan tdm dén gia tri thé E°
ctia chat chi thi va ding “thé d6i mau”.

Mot s6 chat chi thi oxy hod khir hay dung:

Mau dang Mau E°
Chi thi , .
oxy hoa dang khtr khi[H"]=1
Diphenylamin Xanh tim khéng mau +0,76V
Axit diphenylazosulphonic do tim khéng mau +0,84V
Axit phenylantranilic do tim khéng mau +1,08V
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Pheroin Xanh nhat do +1,06V
AXio,0-

) o ) Xanh tim khéng mau +1,26V
diphenylamindicacbonic

5.2. Pwong chuin dd oxy hoa khir

5.2.1. Truong hop khi sé electron trao doi trong cdc nika phdan g oxy hoa khi 1a

bang nhau

1,3

Budc nhay thé

0,8

»
>

F

5.2.2. Truong hop khi s6 electron trao doi trong cdc nika phan vmg oxi héa khir [a

khac nhau

*Cuy thé xét trudng hop chuan do<Fe** 0,1M biang MnO, 0,1M (pH = 0) :
Fe?* — Fe*+e E, = 0,68V
MnO, +8H +5¢e = Mn* +4H,0 E, =151V

1.0,68+5.151

Tai diém tuong duong : E,, = =1371(V)

Budc nhay véi sai s6 S =+0,1% 14 :
0,059, 1-0,001

E, =068+ 1 Ig 0.001 =0,857
£ =151+ 299 150,001=1474
E(V) (0,620 |0,680 |0,736 |0,797 |0,857 |1,371 |1,474 |1,486 | 1,498
F 0,09 0,50 0,90 0,99 0,999 |1,00 1,001 | 1,010 | 1,10
Nhdn xét :
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5.2.3. Truong hop khi hé sé hop thirc ciia 2 dang ciia it nhdt 1 c¢dp trong 2 cdp oxi
hoa kha /a khac nhau
Cr,0; "+ 6Fe’" + 14H" = 2Cr**  +  6Fe’ + 7H,0

Hay ¢ _E,+6E 0059 . 1 _E, +6E 0059 . 3
« 7 7 T 2er, 7 7 2lFe* |,

Nhu vy thé tai diém tuong duong phu thudc ndng d6 cac chat phan tmg.

Nhu vay sau diém tuong duong thé phu thudc ndng do cac chat phan tmg.

5.3. Mgt s6 phwong phap oxy héa khir hay dung
5.3.1. Phuong phap pemanganat
5.3.1.1. Nguyén tdc

Pay 1a phuong phap chuan d6 oxy hod khir dya trén phan ting oxy hoé cua
ion MnO, trong moi trudng axit :

MnO, +5¢ + 8H" —= Mn*" +4H,0v6i E'vnossmnze =

1,51V
5.3.1.2. Mét s6 ddc diém ciia phwong phdp chudn do ndy 1a:

a)Chdt chi thi:

b)KMnO, khong phai 1a chat gdc

¢)Chi nén chuan d6 trong méi truong axit H2S04

Tuy nhién, qua trinh chuan d6 can luu y:

+Khong tién hanh trong mdi truong axit HNO; vi HNO; s& oxy chat khir 1am
sai két qua chuan do .

+Khdng tién hanh trong méi truong axit HCI vi:

10CI" + 2MnO4 + 16H* —= 2Mn?** + 5Cl, + 8H,0 (**)

phan tmg ndy binh thuong thi Xay ra rat chim nhung phan ung gitta Fe®* va MnO,
d4 gay cam tmg dén phan ung (**) va lam cho phan tmg (**) xay ra nhanh hon.
Phan (mg (**) 12 phan tng cam tng. Pé han ché phan Gng (**) nay nguoi ta su

dung hon hop bao vé Zimmecman (H,SO4, HsPO4, MNSO,) trong do:
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H,SO4: ngin ngira cac san pham thuy phan cia mudi sit, ngan can su oxi hoa
Fe** bang O, trong khdng khi, tao méi truong axit manh.

H3PO, : Fe** duogc hinh thanh ¢ mau vang gay can tré cho viée xac dinh
diém cudi chuan d6 ( mau phot hong do du 1 giot KMnO,), HsPO, tao dugc vai
Fe** phirc khong mau [FeHPO,]".

Mn** ( MnSO,): han ché phan ng cam tmng.
5.3.1.3. Uu diém ciia phirong phdp permanganat
5.3.1.4. Ung dung ciia phwong phdp permanganat
5.3.2. Phuong phap dicromat
5.3.2.1. Nguyén tdc

Pay la phuong phéap chuan d6 oxi hoa khir dya trén phan tng oxy hoé cua
ion cromat Cr,0, trong méi truong axit.

Cr,0;” +14H" +6e  — 2Cr’" +7H,0 E°crao72-2cr3+=1,33V
5.3.2.2. Mét s6 ddc diém ciia phwong phdp chudn do ndy 1a:

a)Chdt chi thi :

b)K,Cr,0; 1a chdt goc rat bén va 6n

C)Phuong phdp nay cé thé chudn dg trong méi truong axit H,SO4, H3PO,4 va
HCI (Vi E°cra072-203+=1,33V; E%cioaci=1,33V). Tuy nhién, khdng tién hanh trong
mdi truong HCI ¢6 ndng d6 16n hon 2M vi lic ndy nong d6 CI rat 16n s& lam giam
thé ctia cap Cl/2CI" va Cr,0;% s& oxy hoa dugc 1 phan CI” thanh Cl,,
5.3.2.3. Ung dung ciia phwong phdp bicromat
5.3.3. Phuong phap iot
5.3.3.1. Nguyén tdc

Phuong phap nay dua trén phan ing oxy hoa cua I, va phan tng khtr cta I

l, (rin) + 2e — 21 E%/21.=0,54V

Tur gia tri E%pp. ta th?iy I, 1a chat oxy hoa yéu hon KMnOy, K;Cr,0; nhung I'
la chat khir manh. Nhiéu chat khir co thé bi oxy, va nhiéu chat oxy hoa cé thé bi
kht. Trong phan tich, ngudi ta thuong ding ca 2 tinh chat oxy hoa (cua 1) va
khir(ctia 1) dé xac dinh chat khtr va chat oxy hoa. Phuong phdp ndy, ngudi ta
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thudng dung phan tmg cia thiosunfat (S,05) V6i iot nén phuong phap nay co tén la
phuong phap iot-thiosunfat, phan ing nhu sau:
|2 + 2e = 21
25,05 - 26 = S,08
28,05 + & S406” + 21" E’sp032.154062-=0,1V
5.3.3.2. Mét s6 ddic diém ciia phwong phdp :
a)Chdt chi thi :
b)Natrithiosunfat Na,S,05 6 thé két tinh tinh khiét tmg dung v6i cong thire
Na,S,05.5H,0 nhung n6 khong phai 1a chat gbc vi dung dich Na,S,05 khong bén,
dé bi tac dong bai CO,, O, Va Vi sinh vat trong khong khi (¢ han ché sy phan huy
nay, nguoi ta thém vao 10mgHgl, /1 lit dung dich Na,S,053):
Na,;S,0; + CO, +H,0 = NaHCO; + NaHSO; + S{
Na,S,0;+ O, = Na,SO, + SwL
¢)Qua trinh chudn dé theo phuong phdp iot-thiosunfat can phai tién hanh
trong moi truong kiém yéu (pH <9) vi néu moi trudng kiém manh thi phan ting sau
S€ xay ra: b + 20H — = IO + 1 + H,O
|O™ tao thanh c6 tinh oxy hod manh, nd s& oxy hoa 1 phan S,05% thanh
SO
S,05 +410° +20H = 2SO, + 4l + H,0
Trong truong hop san pham c6 sinh ra H* 1am pH cia dung dich giam, khong
dam bao moi truong kiém yéu thi phai dung NaHCO; dé lay bét H' trong dung dich:
HCO; + H" = CO,T + H,0
I, 1a chat d& thang hoa va kha nang hap phu I, cta ho tinh bot giam khi
nhiét d6 tang nén khong dun néng khi tién hanh phép chuan do6 nay.

l, it tan trong nudc, tan nhiéu trong dung dich KI: I + I, =l ™
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khi sir dung phép chuan d6 nay phai cho KI du. Phan tng (*) tao I3~ 1a phan tng
thuan nghich va ion I3 rat kém bén nén khi ding Na,S,0; dé chuan do I,, can bang
(*) bi pha v& va chuyén dich hoan toan sang trai, luong I, thoat ra dugc chuan do
b?mg dung dich Na,S,03

Phan tng gitta I, V&i cac chat khir va I voi cac chit oxy hoa thudng xay ra
cham, do d6 sau khi thém I, hay I vao dung dich can cho 1 thoi gian, phai day kin
dung dich va dit vao chd t6i (vi anh sang 1am ting phan tmg oxy hoa I thanh I, bai
0, trong khong khi) réi méi tién hanh chuan do:

4 +4H" + O, = 2l, + 2H,0

5.3.3.3. Ung dung ciia phuwong phdp chudn dé iot-thiosunfat

a)Xac dinh chat khir

Vidu: SOz + I, +H,0 =50, + 2I + 2H*
Sn* + 1, = Sn®" +2I

b)Xac dinh chat oxy hoa :bang phuong phap chuan do thay thé phuong phap
nay tién hanh theo nguyén tic: thém vao dung dich chat oxy hoa 1 lugng KI du, rdi
tao diéu kién thich hop dé phan ung gitra I va chat oxy hoa xay ra hoan toan. I bi
oxy hoa thanh 1, (tan nhiéu trong KI nén phai dung du KI), chuan luong I, thoét ra
(6 dang KI3) b?mg dung dich chuén Na,S,0s.

Vi du : Céc chit oxy hoa nhu : Br,, MnO,’, Cr,0;%, Fe*"....
Brz + 41 = 2Br + |2
2MnO, +10I +16H* =  2Mn** +5l, + 8H,0
Cr2072- +10I' +16H* ~  2Cr3+ + 3I, + 7H,0

oFe¥ +4I T 2Fe + I,

¢)Xéc dinh axit : cach nay dung dé xac dinh néng d6 ion H*cia mdi truong

va & day nguoi ta cin cir vao phantmg: 51"+ 103 +6H" = 3l, +3H,0
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Tir phuong trinh ta thdy luong ion H' tham gia phan tmg twong duong lugng
l, giai phong ra. Do @6, sau khi phan tng d& hoan toan, ta chuan luong I, thoét ra

bang dung dich chuan Na,S,05. Tir d6 tinh duoc lugng ion H' trong dung dich.
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Chuwong 6: PHUONG PHAP CHUAN PQ KET TUA

6.1. Pic diém ciia phwong phap

Trong thuc té c6 1 s6 phan tung két tia duoc dung la:

1)Phuong phap bac: dwa vao phan tng gifta ion Ag" (AgNO;) Véi cac
halogenua (CI, Br’, I) va SCN". Phuong phap nay dugc sitr dung phd bién hon.

Ag+ + X- =— AgX{

2)Phuong phép thuy ngan :dung dinh phan SCN- bang cach tao két tia
Hg, X, . Hg,”" + 2X° == Hg,X,!

3)Phwong phap feroxianua : ding dé xac dinh Zn®* bang feroxianua kali voi
chi thi diphenylamin theo phan ung sau:

2K [Fe(CN)g] + 3Zn* == K,Zns[Fe(CN)s], +6K"

4)Chuan ion Ba** bang sunfat:  Ba’* + SO, == BaSO,!

v6i chi thi 13 rodizoonat natri 1am chi thi. Khi ¢6 mat Ba®* thi dung dich
nhuém mau do, gan diém tuong duong mau d6 bién mat.

5)Chuan Pb** bang cromat v&i chi thi Ag*, & gan diém twong duong s& xuit

hién mau d6 gach do : Cro/~ + Agt == AQ,CrO

6.2. Puong chuin d9 két tia
6.2.1. Puong chudn do
Khao sat qua trinh dinh phan dung dich chtra anion halogenua X (Cg,Vy)
bang dung dich chuan AgNO3(C,V) biét Tagal = 10 pAg +pCl =10
Phan trng chuan do: Agt + X == AgX
Khi thém Vml dung dich chuan dé phan tmg xdy ra thi: [Ag'].[X] = Tagx (1)
Theo dinh luat bao toan nong do ta cé:
cV,
V., +V

o

[X-] + Magx =

)

R + cv
va [Ag'] + Magc = o= (3)
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(Magx: s6 mol két tua Gmg véi 1 lit dung dich)

CV=CV \a chia 2 vé cia ptr nay cho

V. +V

0

(3) trr (2) dugc: [Ag'] - [X]=

CV

V00+</ ta duoc: —CVC_O\ZOVO = ([A ]—[ﬂ]) Vé j\L/V
F-1=(Ag']- I&] VC;V (4)

at sat diém twong duong ta khong thé bo qua [Ag'] va [X] nén phai giai (4).

Vi du: Khao sat duong dinh phan dung dich NaCl 0,1M hoic Nal 0,1M bang
dung dich AgNOs 0,1M, cho Tage; = 107, Tag =107

Ta tinh pAg hoéc pCL. pl theo F:

Khi F = 0,999 4p dung (5) ta tinh pAg, pCl, pl

Khi F = 1,001 &p dung (7) ta tinh pAg, pCl, pl
O sat diém twong duong dung (4) dé tinh.
Tinh toan véi twong tu khi thay d6i ndng do dung dich NaCl ta c¢6 bang sb

liéu sau:

PAg A

6,7 y
BN

3 !

V agnos

6.2.2. Sai $6 chudn dé

Tinh sai s6 chuan d6 ta dua vao (4).
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Néu dirng chuan d6 trude diém twong duong thi(4) s& duoc don gian 1a:

Tax V. +V
S=F -1=—p 2% "o _ 8
: Ag] cy, ®

Néu dirng chuan d6 sau diém tuong duong thi(4) s& duoc don gian 1a:

S = Fc—lz[Ag*]\% )

Néu dirng chuan d6 sat diém tuong duong thi giai(4).
6.3. Cac phwrong phap xac dinh diém cudi trong chuin d¢ do bac
6.3.1. Phuong phap Mohr
Ag" + CI = AgCN K,CrOy, chi thi
Tai gin diém tuong duong hay tai diém tuong duong khi du 1 giot AgNOs,
xuat hién két tia do gach Ag,CrO, ta s& dimg chuan do:
Ag" + CrO,~ = AgCro. Tagcros = 1,1.10™
Van dé dat ra 1a; phai chon duogc néng dd K,CrO, 1a bao nhiéu dé két tia xuét
hién tai diém twong duong, tirc 1a khi: pAg=pCl=5 (Tagc =107
Pé co két tua Ag,CrO, thi [Ag']>. [CrO,”] = 2.10™%
2102 210"
lAg" [ @0y’
Vay thi mudn két thic & gin diém tuong duong can dung lugng K,CrO, thoa
mén: 2.10*M<C wacroa<2M.

[CrO4*] > =2.10*M

Tuy nhién, véi ndng do ndy mau vang dam cua ion cromat s& can tré viéc
nhan ra mau nau d6 cia két tia Ag,CrO, nén thyc té thuong dung dung dich
K,Cr0,5.10° M (twong tng khoang 5%).

Piéu kién chuan d6 trong phuong phap Mohr:

-Trong moi trudng bazo manh xay ra phan tng ctia Ag” véi OH tao Ag,0:

-Cén phai loai cac ion can trd nhu :Ba®*, Pb**, Bi®* (vi ching tao két tua voi
Cr0,%); S*, SO.%, PO,*, C,04* (vi ching tao két tia voi Ag").

-Dung dich chuidn AgNO; bao gio ciing chia & buret.
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-6 nhay cua chét chi thi giam khi nhiét 6 tang do d¢ tan cia Ag,CrO,tang
nén phai chuan d6 ¢ nhiét d6 thap.
6.3.2. Phuong phap Volhard

Phuong phap Volhard dung dé dinh phan dung dich AgNO; bang dung dich
NH,SCN chuin véi chi thi 12 Fe** ¢ dang phén FeNH,(SO,),.12H,0 1M (ding 1 -2
ml dung dich phén sit trén 100 ml hdn hop chuan do).

Cl) theo nguyén tic: dung dich chira halogen cin chuan d6 tic dung vdi
luong du chinh xac dung dich chuan AgNO; :X ™ + Ag*(du) AgXy + Ag'(con
lai)

Sau d6 dinh phan lugng Ag'con lai bang dung dich chudn NH,SCN theo
phuong phép Volhard tryuc tiép. Tir d6 tinh dugc lugng Ag* da phan Gng véi X va
tinh dugc luong halogen X'.

Luu Yy : trong s cac halogen thi dinh phan nguoc Br,, I thuan loi va chinh
xac hon so voi dinh phan nguoc CI™vi két tia AgCl co Tagal = 10, két tha AgSCN
CO Tagscn = 10" nén khi dinh phan luong Ag” con lai, dang 18 & gﬁn hay tai diém
trong duong, mot giot dung dich cudi cing NH,SCN 1am dung dich dinh phan phai
nhuém hong ngay nhung lai thdy xuét hién két tia AgSCN do SCN™ két hop voi Ag’
ctia két tia AgCI tan phan li ra. Do d6 két qua phan tich s& bi sai:

AgCl = Ag" + CI
Ag" + SCN* = Ag SCN

Muén dinh phan ngugce CI theo phuong phap trén dat két qua tot c6 thé ding
2 bién phap sau day: loc két tia AgCl tach ra khoi dung dich trudc khi ding
NH,SCN dé dinh phan lugng Ag'con lai hodc cho thém mot it dung méi hitu co
nhu: nitrobenzen CgHsNO, dé 1am cham qua trinh phan li cia AgCl va ngin can
AgCl tiép xtc v6i SCN'.

Uu diém ctia phuong phap nay 1a c6 thé dinh phan trong méi trudng axit do
AgSCN khong tan trong axit nén ta c6 thé dung dé dinh phan bac trong hop kim

duoc phd miu bang axit manh. Cac ion Ba®*, Pb®* khong gay can tré trong phuong
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phap nay. C4c ion can trd : mudi thuy ngan (I) tao két tia véi SCN, cac chat oxy
hoé s& oxy hoa SCN", chét c6 kha ning tao phirc bén voi Fe® nhu PO,%, F.

6.3.3. Phuong phap Fajans

6.3.3.1. Hién tuwong hdp phu trong qud trinh dinh phén

Trong qué trinh dinh phan, cac két tia c6 xu huéng hoa keo, nhét 1a cac
halogenua bac. Két tia keo hap phu chon loc, dic biét hap phu manh ion tao ra két
tha co trong dung dich nén sé tao ra nhiing hat keo tich dién cling déu diy nhau.

Vi du :dinh phan dung dich KI bang dung dich AgNOj ta thay rang:

Trude diém tuong duwong : trong dung dich thira I', két tia Agl s& hap phu I
tao thanh hat keo tich dién am : Agl + mI' +& nAgl.ml’

Sau diém tuwong duong : dung dich thira Ag’, ta lai co hat keo tich dién
duong: pAgl + gAg’ pAgl.gAg"

Trang thai két tia Agl tir tich dién 4m sang tich dién duong s& c6 lic khong
tich dién, luc do goi la diém trung hoa di¢n (diém déng dién). Piém trung hoa dién
c6 thé tring hoic khong tring diém tuong duong tuy thudc vao ban chat cia két tia.
6.3.3.2. Chdt chi thi hdp phu

Chat chi thi hap phy 1a nhitng chat mau hitu co dién i yéu. Theo Fajians, cac
anion cua chi thi hp phu khi bi hap phu 1én bé mit két tua tich dién duong s& bi
bién dang va thay d6i mau. Loi dung tinh chat nay dé xac dinh diém tuwong duong.
CAc chét chi thi thuong dung 1a fluoretxein va cac dan xuat ciia né nhu eozin.

Vi duy : Chat chi thi eozin 12 mot axit hitu co yéu ki hiéu 1a HE. Trong
dung dich t6n tai theo can bang : HE= H" + E

E™ ¢ trang thai ty do c6 mau hong, khi bi két tia hip phu c6 mau tim hoa ca.
Néu dung eozin dé xac dinh diém tuong dwong khi dinh phan dung dich KI bang
dung dich AgNO; thi :

Trude diém twong dwong: nAgl.mI” khdng hap phu E” vi cing dau (-), E van
& trang thai tu do, dung dich c6 mau hdng.

Sau diém twong duong : pAgl.qAg" s& hap phu E’, két tiia s& nhuém mau tim

hoa ca.
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6.3.3.3. B§ chinh X&c Ciia phép chudn dé dung chdt chi thi hiap phu phu thudc vao
CAC Yéu 16 sau

a)Tinh hap phu chon loc cta chat chi thi :Trudng hop li tuéng nhat 1 chat
chi thi thay d6i mau ngay sau diém twong duong khi dién tich két tia vira d6i dau.
Piéu ndy con tuy thudc vao luc ion cua chit mau va ion ludi. Su hap phu khong
nhitng phu thudc vao tuong tac tinh dién ma con phy thudc vao tinh chat phan cuc
cta cac chat, vi vay anion ctia chit mau cd thé hap phu “chay dua” véi anion ludi.

Vi du : Eozin c6 thé day C1” va chiém vi tri ion tao thé:

AgCl, CI': Na* + fIBr = AgCl fIBr: Na" + CI

b)Anh hudng cta pH : Chat mau bi hap phu chi yéu & dang anion ma nong
d6 ctia n6 phu thudc pH vi vay khi chuan d6 phai duy tri pH thich hop sao cho nong
d6 anion mau du 16n dé bao dam can bang hap phu va sy d6i mau rd.

Vi du: Fluoretxein 12 axit rat yéu (Ka= 107) do d6 khong thé chudn d6 ¢ pH
<7 vi khi 4y chat chi thi ton tai chil yéu & dang khong phan i va kha ning hip phu
bi han ché. Mat khac, can luu y : dang axit cua fluoretxein it tan trong nudc. DPdi vai
chi thi diclofluoretxein 1a axit manh hon (Ka= 10™) va kha ning hip phu cua anion
ndy manh hon nén c6 thé chuan do ¢ pH thép.

¢)Tinh chat bé mit cua két tha: Sy hap phu phu thudc nhiéu vao bé mit cia
pha ran. Néu chat két tia bi dong tu thi chat chi thi hap phu kém tac dung. Can tranh
su ¢6 mit cua cac ion kim loai da hoa tri (nhu AI**, Fe®") ¢6 tac dung lam déng tu
manh két tia. P& tranh dong tu c6 thé cho vao hdn hop chuin d6 mot chat keo bao
Vvé, vi du khi chuan d6 CI” c6 thé cho dextrin, gelatin. Khong dugc chuan do cac
dung dich qua dic vi sy dong tu dé xay ra hon (ndng do chuan d6 khong duge qua
0,025 M). Ngoai cac chét chi thi anion, nguoi ta cling ding ca cac cht chi thi cation

nhu metyl tim, rozamin 6G, metyl vang,...
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