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MO DAU

Hoéa hoc Phan tich 1a mot mon khoa hoc doc 1ap, n6 1a chuyén nganh ri€ng cia
Hoéa hoc. Trong hoa hoc gdm cé 4 chuyén nganh: héa Vo co, héa Hitu co, hoa
phan tich, Hoa ly thi héa Phan tich dong vai tro quan trong vi n6 1a mgt mon hoa
hoc thuc nghiém dugc xay dyung trén nén tang cta hda hoc Vo6 co héa Hitu co va
Héa 1y, n6 gdm c6 phan tich dinh tinh va phan tich dinh luong. Phan tich dinh tinh
1am nhiém vu phat hién thanh phan dinh tinh (su c6 mit) ciia cac chat hay hon hop
cac chat, con phan tich dinh lugng lam nhiém vu xéc dinh ham luong cu thé cua
chat ¢ trong mau phan tich (thudng tinh thanh phan tram).

Pé giai quyét nhiém vu cia phan tich dinh tinh nguoi ta thuong dung hai
phuong phép phan tich héa hoc nhu: phuong phap H,S, phuong phap Axit - bazo
hodc cac phuong phap phan tich héa 1y: phan tich pho phat xa nguyén tir, phan tich
huynh quang, phuong phap quang ké ngon lira... B¢ giai quyét nhiém vu cua phan
tich dinh Iuwgng nguoi ta cling dung cac phuong phap phén tich hoa hoc: phan tich
khéi luong, phan tich thé tich hodc cic phuwong phap phén tich hoa 1y: do mau,
phan tich phé hap thu nguyén tir, cic phuong phap phan tich dién hoa, cac phuong
phap phan tich sic ky...

Hoéa hoc phén tich rat quan trong khong nhiing trong cac nganh Hoéa hoc néi
riéng ma con trong cac nganh Sinh hoc noéi chung: Y hoc, Nong nghi¢p, Lam
nghiép, Duoc hoc... Chinh vi vy Angghen da timg néi: “Khéng cé phan tich thi
khong thé tong hop”.

Vi quan trong nhu vdy nén mdi sinh vién mudn hoc t6t mén hoc nay phai hoc
tdt cac mon: Hoa Pai cuong, hoa Vo co, hoa Hiru co va Hoa 1y, vi cdc mon nay co
s& cho mon hoa hoc Phan tich.

Pé phan tich mot ddi twong nao d6, ngudi lam phén tich phai thuc hon céc
budc sau:

1. Xac dinh cac van dé can giai quyét dé chon phuong phap phan tich thich
hop.

2. Chon méu dai dién va chuyén miu dé tir dang ran sang dung dich.

3. Tach cac chat, d6 1a cong viéc can thiét dé xac dinh ddi twong chinh trong
mau c6 d6 chon loc va chinh xac cao.

4. Tién hanh dinh luong cac chat bang phuong phap phén tich di chon & trén.

5. Tinh toan danh gia do tin cay cua no.

Chung t61 soan gido trinh nay nham muc dich trang bi cho sinh vién cac nganh:



Sinh hoc, Khoa hoc Mai trudng, Y hoc, Nong hoc ¢6 kién thirc co ban nhat vé Hoa
phan tich, giup cho ho ¢ von kién thirc trong qua trinh hoc tap trén ghé nha trudong
cling nhu sau khi ra truong dé co thé bit tay vao cong viéc chuyén mén cua ho, du
diéu kién lam viéc voi nhitng cong viéc lién quan dén hoéa Phan tich.

Khi bién soan gido trinh nay khong thé tranh khoi nhimng thiéu sét. Chung t6i
mong duoc su dong gdp ¥ kién ciia cac ban ddng nghiép va cac em sinh vién.

Thang 5 nam 2008

Tac gia



PHAN THU NHAT
CO SO LY THUYET HOA PHAN TICH

CHUONG 1:
DUNG DICH CHAT PIEN LY - CAN BANG HOA HQC

1.1. CHAT PIEN LY VA SU PIEN LY
1.1.1. Pinh nghia vé sy dién ly va chit dién ly

- Su dién ly 1a qua trinh phan tir phan ly thanh ion con chat dién li 13 chat c6
kha nang phan li thanh ion khi hoa tan vao nuéc lam cho dung dich dan duoc dién.

Vi du: NaCl, HCI hoa tan trong nudc hay trong dung moi phan cuc khéc.
Vidu:
HCl - H" + CI
NaOH — Na* + OH
NaCl — Na'+CI’
CH,COOH = H" + CH,COO
NH; + H,O = NH; + OH
Tong quat cho mot chat dién ly c¢6 cong thic A, B, thi:
S
1.1.2. Chét dién ly manh, chit dién ly yéu
1.1.2.1. Khadi ni¢m

Chét dién ly manh thyc t& phan ly hoan toan. Pa sé cac mudi tan (NaCl, KCI,
NaNO3, K,S0,, Na,CO:s...).Céac kiém manh (KOH, NaOH) déu thudc loai nay.

Cac chat dién ly yéu trong dung dich phan ly khong hoan toan (dung dich
NH;,CH3COOH, HCOOH, dung dich axit cacbonic....).

Trong dung dich chat dién ly manh & ndng do 16n c6 do dan dién nho, 46 dan
dién tang khi pha lodng dung dich. Dung dich chat dién ly yéu c6 d6 dan dién nho
va 0 nong do 16n thi 46 dan dién khac nhau khong dang ké nhung khi pha lodng
dung dich d6 dan dién tang Ién manh.

1..2.2. Cac dai lwong ddc trung cho sw dién li



Dé dic trung cho kha ning phan ly ctia cac chat trong dung dich, ngudi ta dung
hai dai lugng 13 d6 dién ly va hang sb dién ly.

a. D6 dién ly o la 1y sé giita phan nong do da dién ly va phan nong dé ban dau.

_ X __ Nong d¢ da di¢n ly
“= C B Noéng do ban ddu
X
Hay a%=E.100 (1.1)

Tir gia tri o nguoi ta tam phan loai:
o < 2%: Chat dién ly yéu (céc axit yéu, cac bazo yéu).
2% < o < 30%: Chat dién ly trung binh (HF, H SO; & nic 1).

o > 30%: Chat dién ly manh cac axit manh, cadc bazo manh, cac mudi trung
tinh.

b. Hang s6 dién ly (Kq): Thuc chat 12 hing sb can bang cua phan tng phan ly,
1a ty s6 giita phan tich s6 ndng do ciia san pham da dién ly va phan tich s6 nong do
chua dién ly.

Néu A B, = mA™ + nB™
- k=l er . (1.2)
[AmBn)

Nguoi ta da chimg minh dugc rang: gitta a va K4 c6 moi quan hé véi nhau qua
hé thuec.

_ [Ke '
o= ,]—< 1.3
C (1.3)

Trong d6 C 1 ndng d6 ban dau cua chat dién ly.

Tir @6 ta thay d6 dién ly a ti 18 nghich véi nong do, ndng do cang cao, do dién
ly a cang giam va nguoc lai.

1.2. CAN BANG HOA HOC
1.2.1. Trang thai cAn bang
Gia st ta ¢6 can bang:
2Fe* + 31 = 2Fe* +1;

(d06 da cam)



Khi thém 2 milimol Fe*" vao 1 lit dung dich chtra 1 milimol I;” mau do giam
nhanh, nghia 13 phan tng xay ra theo chiéu nghich.
2Fe* +1; = 2Fe** + 3T
Nguoc lai khi thém 2 milimol Fe’* vao 3 milimol I' thi mau do tang 1én, phan
ting xay ra theo chiéu thuan.

Vi du dan ra chi rd mbi quan hé vé ndng d6 cac chit ¢ trang thai can bang hoa
hoc. Mbi quan h¢ nay bién ddi dudi tac dung cua mdt sO yéu td nhiét do, ap suét
noéng do (theo nguyén 1y chuyén dich can bang Losatolie). Mot trang thai cin bang
duoc dic trung bang 1 hang sb can bang.

1.2.2. Cac phwong phap biéu dién hing sé cin bang.
Gia sir ¢6 can bang héa hoc
mM + nN = pP+qQ
Goi v; 12 toc d6 ctia phan Gng thudn va v, 1a tdc d6 phan tmg nghich.
Theo dinh luat tac dung khdi luong vé toc do phan tng ta co:
v, =k,. Cy, .C},
v,=k,. C?. C,
Trong d6 ki, k; 1a héng s6 toc do cua phan tng thudn va nghich. Tai trang thai

can bang ctia phan Gng ta c6 v, = v, hay k,.CI.C% = k,.C.C3

k,_ ChCY

5
k, C°.C!

= K (Const)

Nguoi ta goi K 13 hang s6 can bing cua phan tng, ky hiéu 1a K. Dé phan biét
noéng do cac chat ¢ trang thai can bang va nong do cac chat ¢ trang thai bat ky,
nguoi ta ky hiéu ndng do cac chat & trang thai can bang qua ddu moc vuong [ ].

Do do:

P)".[Q)
K = 1 LO1" 1.4
<= IMTINT (1.4)

Néu phan tng trén 1a ctia cac chat khi va goi pu, px, Prs po la ép suét riéng phan
cta cac chat M, N, P, Q thi ngudi ta con chimg minh dugc hing sé can bang tinh
theo ap suét (Kyp).



_ Bk

" OBIR

K (1.5)

Néu phan tng M, N, P, Q thuc hién trong dung dich va goi Ny, Ny, Np, Ng 1a
néng do phén méi cla cac chét M, N, P, Q thi ta co:

NP.N?
Ky= 22 (1.6)
Ny -N§
Gitta K¢ va Kp va Ky ¢6 mdi quan h¢ v6i nhau nhu sau:
An
K, = K:(RT) (1.7)
K, =K. P (1.8)

Trong d6 An = (np+ ng) — (ny + ny) va chi ap dung duge khi M, N, P, Q 1a cac
chét khi.

Ngoai cac cach bicu dién trén day, nguoi ta con biéu di€én hang s6 can bang
thong qua cac ham nhiét dong.

Vi du: véi phan ung:
mM +nN = pP +qQ
Biét AH” va AS® phan tmg, cho nhiét 46 phan tng 13 T. Goi AG la thé dang
nhiét ddng ap cua phan ng thi:
AG = AG° + RTinK, (1.9)
O trang thai can bang:
AG = AG° + RTInK, =0
— RTInKp = - AG’= -(AH® - TS

AH® As”
___+__]

Kp=e( .o (1.10)

1.2.3. Biéu dién dinh luat tic dung khdi lwong ddi véi mét s dang cin bing
thuwong gap
1.2.3.1. Cén béng axit - bazo

Can bang phan ly ciia Axit:

= A 4]

HA = H'+ A’ .
[HA)



Két goi 1 hang s6 phan ly axit (goi tat 1a hang s axit).

Can bang phan li ciia bazo:

B+H,0 = HB'+OH K, = %l
Ky goi 14 hing s6 phan li bazo (hang sb bazo).
1.2.3.2. Cin bang tao phirc
Ag'+NH,= AgNH: B,= ——[L‘;f?{gi}d
AgNH; +NH, = Ag(NH,): B, = [A;(”’}fl(ft’)’f ]E;V]HJ]

B, B 1a hing s6 tao thanh timg nac cua cac phirc chat Ag(NH;)" va Ag(NH;),"

Fe**+ OH = Fe(OH)* Bi,= ——[Ff(OH)z.]
[Fe> 1[OH"]
Fe*+ 20H" = Fe(OH); B,,= O]

*[Fe)OH T
B1 1, B 12 hing sb tao thanh tong hop cua cac phirc chat Fe(OH)*" va Fe(OH)*"
1.2.3.3. Cin bang tao thanh hop chit ir tan
AgCH = Ag+CI T, = [Ag*] [CI]
Ts 1a tich s6 tan ctua AgCl
1.2.3.4. Can béng phin bé

I ]benzen
jc) = K.= [_2____
L(nudce) [, (benzen) D [1, Jrioc
Kb goi 12 hang s6 phan bd cua I,
1.2.3.5. Can bang hoa tan ciia chit khi - Pinh ludt Henri
Co,T =CO0,(dd) K = [ng]dd

o,

Khi 4p suat riéng phan cua khi bang 1 at thi hang s6 Henri K chinh 1a d6 tan
cua khi.

1.2.4. To hop can bang
Trong cac bang tra ctru vé can bang nguoi ta cho gia tri hang s6 cua cac can
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bang don gian. Trong thyuc té chung ta thuong gip cac can bang phirc tap duogc to
hop tir cac can bang riéng 1é. Sau day 1a mot sé vi du td hop.

1.2.4.1. Biéu dién cén béing theo chiéu nghich

Qua trinh thuan:

HA — H' + A- g = A7)
T *[HA)
Qua trinh nghich:
H*+ A = HA B.= ——[é@]—_
[H"])[47]

Ay
L) _[[H ][ ]]
@R
Nhu véy hang s6 can bang clia qua trinh nghich bang gia tri nghich dao hang s
ctia cin bang ctia qua trinh thuan.
Vi du:
Ag'+NH; = AgNH; B, = 10**
AgNH; = Ag* + NH, . K,=B;' =10°%

Nhu vay, B dugc goi 1 hiang sd bén ctia phic va K, dugc goi 1a hing sd khong
bén cua phirc.

1.2.4.2. Cong cin bang

Cho:
M+ A = MA, B, (a)
MA + A = MA, B, (b)
Tinh hang s6 cAn bang cia M + 2A S MA2  Pi» (c)

Can bang (c) thu duoc khi ta cong vé theo vé clia cac can bang (a), (b), dong
thoi loai bo s6 hang MA cung c6 mit ¢ hai vé.

10



M+A =MA B,
MA+A = MA, B

M +2A &= MA, B,

_ [M4,] _ [M4,] 4] Yy
P [M)[a] (M) [M] 4] T

Hang s0 can bang t6 hop thu dugc khi cdng cac can bang véi nhau bang tich
cac hang s0 can bang riéng 1¢.

Vi du: H,CO, = H*+ HCO; K, =107%
HCO; = H* +COf K, =107""
H,CO, =2H" +CO¥ K

K= Kl X K2 = 10'635.10-]0.33 - 10-16,68
1.2.5. Tinh gan ding khi h¢ chi c6 m@t cén bing chii yéu

Trong truong hop don gian thuong gip chi cé mot can bang duy nhét thi ¢6 thé
t6 hop dinh luét bao toan ndng d6 véi dinh luat tac dung khdi lwong (PLTDKL) dé
tinh ndng d6 cin bang cac ciu tir.

Vi du I: Trong dung dich MX ¢ ndng d6 C mol/1 chi c6 can bang.
MX = M"+X" (K) (a)
Theo dinh luat bao toan néng do d6i véi MX, ta co:

Cux = MM+ [MX]=C (b)
Hay: [MX] = Cyx - [M™] (c)

Theo biéu thirc PLTDKL ap dung cho (a) ta co:

(e Jx]
K (d)
[Mx]
it [X"] = [M™] = x (©)

Thay (c) va (e) vao (d) ta co:

2

o (8)

Giai phuong trinh (g) cho phép danh gia X va tir (c), (e) ta tinh duoc ndng do
can bang cac cau tir trong dung dich.

11



Dé cho tién ta ghi so d6 tinh toan nhu sau:

Can bang: MX S Mn+ + Xn- (K)
Nong d6 ban dau (mol/1) C O O
Nong d6 di phan li: (AC) (mol/l) -x +x +x
Nong d6 16n: ([ ]) (mol/l) c-x x X
Theo BLTDKL:
K=
C—x

Néu x << C (khi K rat nho).

2

Thi%zK—)x=\/K.C

Trong trudng hop K 16n, nghia 14 phan tmg xdy ra manh theo chiéu thudn thi
nén dat ndng do can bang cia cu tir c6 ndng do bé nhat ¢ vé trai cua phuong trinh
phan tng lam 4n sé.

Vi du 2: Tinh ndng d6 can bang cua cac cau tir trong dung dich HCN 0,01M .
Trong dung dich c6 can bang:

HCN = H'"+CN, IgK,=-9,35
Boi vi K, rt bé (10°°) nén sy phan li cia HCN xay ra khong dang ké.

Ta chon an s6 & vé phai ctia phuong trinh: [H'] = [CN']= x. Dai lugng nay ciing
chinh 14 ndng d6 phan tng.

Ta c6 so db: HCN S H + CN

Nong d6 ban dau C (mol/l) 0,1
AC (mol/l) - X X X
[ ] (mol/1) 0,01-x X X
0, Ox:_ sl

2
Véi x << 0,01, ta c6 =—=10"*
0,01

x=4107%.107 =107 <<107
Vay ta chip nhan:
12



x=[H*]1=[CN]1=10"" =2,1.10°®

[HCN], =0,01- x=0,01.
1.3. HOAT PO
Theo thuyét vé chat dién li manh ctia Pobai - Huken, v&i nhitng dung dich

lodng va rét lodng khoang cach giira cac con cach xa nhau, luc tuong tac gitra cac
ion 1a khong dang ké, duoc tinh bang cong thirc:

F=2X% (1.11)

er?
Trong do F 1a luc hut gitta cac con, q; va q, 1a dién tich hai ion, r 1a khoang
cach gitra cac ion, E 1a hang s6 dién mdi cua dung moi.
Con véi dung dich dam dac hon, xung quanh mot cation con c6 nhiéu anion va
nguoc lai hién tugng bao boc nay tao thanh 16p "khi quyén" ion:

O ole
@204 03060
OSG @g G@@@
@@@@@ ®@®@@

Do® Oele

Do d6 lyc twong tac F giita cac ion d bi giam han vi c6 hiéu ing chén gitta cac
con voi nhau va néng d6 thé hién hoat tinh hoéa hoc cua ching b1 giam xuéng va
ndéng do c6 hoat tinh héa hoc thuc sy nay dugc goi 1a nong do hoat dong, goi tit 1a
hoat d¢ va ky hi¢u la a(active concentration).

Nhu vay a = f.c, trong d6 f duoc goi 1 hé s6 hoat d9, via<cnén f< 1.
Dua trén 1y thuyét dong hoc phan ttr, dinh luat phan bd Bolztman, cac ong da

thiét 1ap phuong trinh tinh f:

2
lef = -0,509.22 /i (1.12)

i 1+ \/;
Trong do6 Z; 1a di¢n tich 16n thur 1, p 1a lyc ion.

Lyc 1on it dugc tinh theo cong thirc.

= 13 ciz2 (1.13)
2 1=1
Trong d6: i 13 ion thtr i; n 13 tong s6 ion c6 mat trong dung dich.
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Néu p < 0,01 — Igf=-0,509. Z2.\[u (1.14).

Néu 0,01 < <0,2. Ta tinh Igf theo (1.12).

Vi du: Tinh hoat d6 cta ion Ca>" trong dung dich bao gdm CaCl2 0,01M va
NaNO; 0,01M.

Giai:
CaCl, = Ca®* +2CI
0,01 0,01 2.0,01
NaNO, = Na* + NO;
0,01 0,01 0,01
1 . _ . _
n=([ca ]2, +2[cr]z,. +[Na'] 2, +[nvop) 22, )
= %(10*2.22+2.10'2.12 +10217+10721%) = 0,04
Tinh hé sb hoat do f:
2
o, = 250200 s
a 1+4/0,04
[, =0,464

a, =f.C.,. =0,464.0,01=0,0046

1.4. CAC LOAI PHAN UNG SU DUNG TRONG PHAN TiCH THE TiCH
1.4.1. Phan ung trung hoa

- Axit manh va bazo manh:
HCl+NaOH = NaCl +H,0
- Axit yéu va bazo manh:
CH,COOH + NaOH = CH,COONa + H,0
- Axit manh va bazo yéu:
HCl+NH, = NH,CI

- Bazo manh va axit da churc:

3NaOH + H,PO, = Na,PO, + 3H,0

14



1.4.2. Phan ung oxy hoa khwr
2KMnO, + 5H,C,0, + 3H,S0, = K,SO, +2MnSO,+ 10CO, + 8H,0
K,Cr,0; + 6KI + 7H,SO, = 4K,SO,+ Cry(SO,), + 31, + 7TH,0O

2CuCl, + 4KI = 2Cul 4 +4KCl+1,
I, + 2Na,S,0, = Na,S,0, + 2Nal
K,Cr,0, + 6FeSO, + 7H,50, = K,S0,+ 3Fe,(S0,), + Cr,(S0,); + 7TH,0

1.4.3. Phan g két tia
AgNO; + NaCl = AgCH ,, + NaNO;,
AgNO, + KCNS = AgCNS {,;,, + KNO,
K,CrO, + 2AgNO; = Ag,CrO,{ 4 .n+ 2KNO,

1.4.4. Phan rng tao phuc
- Na,H,Y + Me** = Na,[MeY] + 2H*
- HInd*,,, + Me** = Melnd y; ,,, + H
1.5. NONG PO DUNG DICH.
1.5.1. Cac loai nong dd dung trong phan tich thé tich

Néng dd dung dich la: lugng chét tan trong mot don vi thé tich hay mdt don vi
khéi luong.

1.5.1.1. Nong do % khdi luong (C%) chi ra c¢6 bao nhiéu gam chat tan trong long
dung dich. Vi du dung dich NaOH 40% ttc la trong long dung dich NaOH c6 40g
NaOH nguyén chét.

a

C% = .100 (1.15)

a+b
Trong d6 a 1a sb gam chit tan va b 13 s6 gam dung méi.

1.5.1.2. Nong do mol /1 (goi 1a ndong d6 mol, ky hiéu 1a M) chi ra ¢6 bao nhiéu mot
chét tan trong 1 lit dung dich. Vi du dung dich H,SO4 0,5M nghia 14 trong 1 lit
dung dich H,SO,4 c6 0,5mol axit:

a

=57 (1.16).

Trong d6 a 14 s6 gam chat tan, p 12 khéi luong va V 1 s6 lit dung dich.

15



1.5.1.3. Nong do duong luong gam/ lit, con goi 1a nong do duong luong, ky hiéu 1a
N chi ra c6 bao nhiéu dwong luong gam chét tan trong mét lit dung dich. Vi du
dung dich KMnO, 0,1N nghia la trong 1 lit dung dich ¢6 0,1 duong lugng KMnO,.

N=507 (1.17)

Trong d6 a 12 s6 gam chét tan, D 13 duong luong gam va V 1a s6 lit dung dich.
1.5.1.4. Do chuan T 1a s6 gam (hay miligam) chét tan trong Imililit dung dich.
1.5.1.5. Po chuan (A) theo chit dugc xac dinh (chét dinh phan). TNB chi ra c6 bao
nhiéu gam chat dinh phan B tac dung véi luu dung dich chuan A. Vi dy, T . =

AgNO,/CI-
0,004 (g/ml) nghia 14 0,004g chat dinh phan CI tac dung vira da vé6i luu dung dich
chuén AgNO:s.
1.5.1.6. Mdi lién hé gitra cac loai néng do:
Néu goi nong do % cua dung dich 1a C%, khdi luong riéng cia dung dich 1a d,
P 1a phan tir gam chét tan, D 13 duong lugng gam chat tan, ta c6:

Cd.10 . Cd.10
va N=
P D

M= (1.18)

1.5.2. Cac bai toan vé nong do dung dich
1.5.2.1. Pha ché dung dich tiv lwong muoi rin tinh thé

Vi du: Hiy pha 2 lit dung dich Axit oxalic 0,IN tr Axit tinh khiét
H,C,0,4.2H,0.

Ap dung cong thc:
a
N = a-= N.D.V
DV

Ta tinh ra lugng gam axit can thiét dé pha dung dich la:
a=0,1.63.2=12,6g

Vay, ta can chinh xac 12,6g axit tinh khiét, hoa tan hoan toan vao nudc rdi
chuyén toan bd lwong dung dich nay sang binh dinh mirc 2 lit, nhé trang coc hoa
tan axit ba 1an, mdi 1an 10ml H20, d6 hét vao binh 2 1it. Cubi cung thém nudc dén
vach murc, déo déu.
1.5.2.2. Pha ché dung dich tir dung dich géc (quy tic dwong chéo)

a. Véi nong do phan tram: Gia sir phai tron dung dich 1 ¢6 nong d6 % la C,
thé tich V, khéi luong riéng 1a d; véi dung dich 2 ¢ ndng d6 % 1a C,, thé tich V,,
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khéi lugng riéng 1a d, dé duoc dung dich c6 nong do %C,. Ngudi ta chig minh
duoc:

9 _Vd _C-G (1.19)

Qz Vz‘dz CI_C

Cac vi du:
1. Tron 500ml dung dich HNOj3; 30% vé1 500ml dung dich HNO; 10% thu dugc
dung dich HNO; bao nhiéu % (cho d, = 1,2g/ml, d, =1,05g/ml).

Ap dung (1.19) ta co:
500.1,2 _ C-10
500.1,05 30-C
36-1,2C = 1,05C - 10,5
225C=465 — C= 253 _50 7%
2.25

b

2. Can bao nhiéu ml dung dich HNO; 25% (d = 1,19) trén v6i dung dich HNO,
5 %(d = 1,04) dé duoc 1 lit dung dich HNO; 10%

Ap dung (1.19):

V.19 10-5 1
(1-¥,).1,04  25-10 3

3,57V,=1,04 - 1,04 V,

4,61V,=1,04 > V,= %:o,zzs(z)

Hay pha 2 lit dung dich HCI 0% ttr axit dac 36% (d = 1,19 g/ml).
Day la truong hop pha loang dung dich trong d6 dung dich thtr 2 1a H,O c6
nong do % bang khong va khdi luong riéng 1a 1 g/ml. Ap dung (1.19) ta co:

V.L19 _10-0 _ 5
Q-V)1 36-10 13

13.1,19V, = 10 - 5V,
1547V, = 10 - 5V,

2047V, =10 >V = %; — 0,448())

b

Viy ta dong 448ml axit dic, chuyén toan bo sang binh 2 lit, trang binh bing
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nudc cat va thém nudce cat dén vach mirc, roi day kin nip binh, dao di dao lai dé
tron déu dung dich.

b. Voi n&ng do M, N.

Gia st phai tron V; ml dung dich thir nhat c6 ndong d6 méi 1a M, (hodc nong do
duong luong N) v6i V, ml dung dich thir hai ¢6 ndong d6 méi 1a M, (hodc ndng do
N,) dé duogc dung dich c6 ndng d6 13 M (hodc N) thé tich 1a V = V, + V, (ml). Khi
do ta co:

VM, +V,M,=VM (1.20)
hodc VN, + V,N, = VN
Cac Vi du:

1. Pha 2 lit dung dich H,SO,4 0,5 M véi 1 1it dung dich H,SO,4 0,1 M dugc dung
dich bao nhiéu M.

Ap dung cong thirc (1.20) thay sb vao ta co:

0,52+0,1.1=3.M
M= 13—1 =0,366 (mol/l)
2. Can bao nhiéu mililit dung dich NaOH 0,5N tron véi 1 lit dung dich NaOH
0, 1a dé duoc 2 lit dung dich NaOH 0,2N.
Ap dung (1.20) ta co:
0,5V, +0,1.1=0,2.2
0,5v,=0,3
V, =0,6 (i)
— V; =600ml
3. Pha 2 lit dung dich HCI 0,IN tir axit HCI 0,5M.
Dbay cling 1a sy pha lodng dung dich trong d6 nudc 1a dung dich thir hai ¢6 nong
do bang khong. Do d6 ap dung (1.20) ta co:
V,.0,5+V,.0=2.01
v =g_’§= 0,4 (lft)

Viy can dong chinh xac 0.4 lit dung dich HCI 0,5M, chuyén toan bo sang binh
dinh muc 2 lit trang binh dé chuyén hét HCI sang binh dinh muc thém nude dén
vach muc, dao déu bang cach day nip kin vao dao 1én déo xudng.
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CAU HOI - BAI TAP CHUONG 1

1.1. Viét phuong trinh phan tng & dang ion thu gon xay ra (néu c) trong cac
dung dich nudce sau:

a) K,SO, + CH,COONa —  b) NaHSO, + Ba(OH), -
¢) K,S0, 0,1M + HC1 0,IM - d) CH,COONH, + Ca(OH),—>
e) (CH,C00),Zn + H,S - f) CH,COOH + CaCO, -

1.2. Tron 20,00 ml dung dich Ba(OH), 0,0211M v&i 40ml dung dich Na2SO4
0,0153M. Hiy Cho biét nong d6 gbc, nong do ban dau va nong do can bang cia
cac ion trong dung dich (coi phan irng xay ra hoan toan).

1.3. Viét biéu thtc dinh luat tac dung khdi lwong dbi véi cac can bang sau:

a) CH,COOH = CH,COO + H* K,
b) 2H* + PO = H,PO; K,
c) Ca,(PO,),! = 3Ca® + 2P0 T,

d) MnO,{ + 2CI" + 4H"= Mn* + CL,T + 2H,0. (K).
1.4. Cho biét néng dd con lai cua dung dich H,SO,.
1.5. Hay pha 2 lit dung dich H,SO,0,1N tir axit dac 98% (d= 1,84g/ml).

1.6. Tinh luc ion cua dung dich g6m NaNO; 0,01M, NaOH 0,02M va BaCl,
0,005M.

1.7. Tinh hé sb hoat d6 cta ion OH" trong dung dich NaOH 0,001 M va NaCl
0,009M.

1.8. Tinh d6 dién li cua dung dich HCN 0,10™*M, cho Ka = 107

1.9. Tinh ndng d6 cén bang cua cac ion trong dung dich gébm Fe’™ 0,1 M,
1,00M va I" 0,100M. Biét rang can bang chu yéu xay ra:

2Fe™ + 3 = 2Fe®* +1; ,K = 10",

1.10. Tinh ndng dd can bang trong dung dich gdm CH3COOH 0,10M va
CH3COONa 1,00M. Biét can bang chil yéu xay ra trong dung dich:

CH,COOH = CH,COO" +H*, K,=1,74.10°
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CHUONG 2:
PHAN UNG AXIT - BAZO

2.1. AXIiT BAZO
2.1.1. Quan diém axit va bazo ciia Bronsted - Laury
Axit 12 chét cho proton, bazo 1a chat nhan proton.
Axit:
NH; + H,O = NH, + H,0"
HCI+ H,O0=CI" + H,0"
AP +2H,0 = AI(OH)* + H,0"
HCO; + H,0 = CO}” + H,0*
Bazo:

HCO; + H,0 = H,CO, + OH"
NH, + H,0 = NH; + OH"
CH ,COO™ + H,0 = CH,COOH +OH"

Trung tinh:
Na*, CI', K*, NO;
Ludng tinh:
H,PO; + H,0 <= H,PO, + OH"
H,PO; + H,0 = HPO; + H,0"

Zn(OH), +2H,0 = ZnO} +2H,0"
Zn(OH), +2H,0" = Zn** +4H,0

Nguoi ta dd chimg minh duoc [H][OH-] = [H30][OH-] = 10-14 & 25°C theo
qui u6c qubc té: pH = - Ig(H") va POH = 1g(OH) (2.1)
2.1.2. Dinh nghia phan ung axit - bazo.

Phan ung axit - bazo 1a phan irng gitta mot axit va mot bazo dé 1a nhiing phan
g trung hoa di nghién ctru trén ddy, tao ra san pham 1a mot mudi axit hodc trung
tinh va nudc.

P06 manh axit dugc dac trung béng héng ) phan li. Khi d§ manh bazo dugc
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dic trung bang hang sé phan li K,.

H A= nH* +4"

RESICS '
K= 2.2)
Me(OH), = Me™ + nOH
k, =L JoH 2.3)

* [Me(OH),]

Trong dung dich nudc bao gio cling ton tai mot cap axit bazo lién hop,

CH,COOH + H,0 = CH,COO+ H,0*

Cip: CH,COOH / CH,COO"
Va: NH:+H,0 = NH, + H,0"
Cap: NH:/ NH,

Puoc goi 1a cac cip axit - bazo lién hop. Véi 1 cdp axit bazo lién hop néu axit
cang manh thi bazo cang yéu va nguoc lai. Mdi quan hé gitta K, va K, ciing duoc
biéu dién bang hé thirc sau:

K,. K, = 10"* hay pK, + pK,= 14 (2.4)
2.2. PHUONG TRINH BAO TOAN PROTON

Phuong trinh bdo toan proton cia mot dung dich axit - bazo 1a phuong trinh
biéu dién sy trao d6i proton cua céc axit bazo cé trong dung dich d6 qua cac nong
d6 can bang cia cac ciu tir trong dung dich: sé mol proton céc axit cho ludn bang
s6 mol proton cac bazo nhin. Sau day 1a mot s6 thi du:

Vi du I: Phuong trinh bao toan proton ciia nudc nguyén chat.

Trong nudc nguyén chat chi co mot can bang trao ddi proton: H;0 va H'.

H,0+H,0 =& H,;0'+ OH"

S6 mol proton nuéc nhan 13 [H;0"] bang s6 mol proton [OH-] cho vi 1 phan tir
H’O khi cho di 1 proton thi bién thanh ion OH™ nén phwong trinh bao toan proton
1a [H;0'] =[OH]

Vi du 2: Xét dung dich HCI néng do C mol/l.

Trong dung dich c6 hai axit 1a HCI va H,O va 1 bazo 1a H,O. Trong d6 xay ra
cac qua trinh sau:
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HCl + H,0 5 H,0* +CI (a)
H,0 + H,0 5 H,0"+ OH' (b)

S6 mol proton H,O nhan bang sé mol proton HCI cho va H,O cho:
[H,O'1=[OH] + [CI']=[OH]+C
Vi du 3: Xét dung dich hon hop HC1 C;M + CH3COOH C,M.

Trong dung dich c6 axit manh HCI, axit yéu CH3COOH va bazo yéu H,O0, axit
yéu H,O nén xay ra cac qua trinh sau:

HCl+H,0 5 H,0*+CI (a)
CH,COOH + H,0 & CH,COO" + H,0* (b)
H,0 + H,0 5 H,0*+ OH (©)

S6 mol proton nudc nhin bang s6 mol proton 3 axit cho nén:

[H,O'] = [OH] + [CI'] + [CH,COO']= [OH] + C, + [CH,;COO’]
Vi du 4: Xét dung dich NH;
Do 1a dung dich cua 2 bazo (H,O, NH;) va mot axit (H,O):

NH, + H,O 5 NH,* + OH" (a)
H,0 + H,0 5 H;0" + OH (b)

S proton cac bazo nhan bang sb proton cac axit cho:
[H;0"] + [NH,"] = [OH]
Vi du 5: Xét dung dich hén hop CH;COO va CN'.

Trong dung dich c6 3 bazo va 1 axit, nén xdy ra cac can bang

CH,COO + H,0 5 CH,COOH + OH' (a)
CN" + H,0 5 HCN + OH' (b)
H,0 + H,0 S H,0" + OH ()

Tong s6 mol proton ma cidc bazo nhén bang s6 mol proton nudc cho nén
phuong trinh bao toan proton la:

[CH,COOH] + [HCN] + [H;0"] = [OH]
Vi du 6: X¢ét dung dich H;PO,

Dung dich gdom hai axit: da axit (H;PO,), don axit va don bazo (H,0) nén trong
dung dich c6 cac can bang sau:
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H,PO, + H,0 5 H,0" + H,PO, (a)

H,PO, + H,0 5 H,0*+ HPO,* (b)
HPO,” + H,0 5 H,0*+PO/* (c)
H,0 + H,0 S H,0* + OH ()

Phuong trinh bao toan proton ctia dung dich nay:
[H,0%] = [OH] + [H,PO, ] + 2[HPO,*] + 3[PO,”]

Vi du 7: Xét dung dich da bazo COs> (Na,COs) cac Can bang trong dung dich
nay:

CO;* + H,0 5 HCO; + OH (a)
HCO;+ H,0 S H,CO, + OH' (b)
H,0 + H,0 S H,0* + OH ©)

Phuong trinh bao toan proton ctia dung dich:
[H;0*] + [HCO,] + 2[H,CO;] = [OH]
Vi du 8: Xét dung dich NH,CH;COO.

Trong dung dich nay c6 céc can bang sau:

NH,* + H,0 S H,0* + NH, (a)
CH,COO + H,0 5 CH,COOH + OH' (b)
H,0 + H,0 S H,0* + OH ()

Phuong trinh bdo toan proton ctuia dung dich la:
[H,O'] + [CH,;COOH] = [OH'] + [NH,]

2.3. TINH pH TRONG CAC DUNG DICH NUOC

Gia stir c6 hé gom: mot axit yéu HA c6 hang so K, va nong dé C, mot bazo yéu
NaA (mudi cia axit yéu va bazo manh) c6 nong do C,.

T [ ]l4]
HA=H'+4 (a)—)Ka———mw )
Nad—Na'+4  (b)->[4]=C, ()

H,0=2H'+OH™ (c)->[H"|[OH ]=10" (3)
Ngoai cac phuong trinh (1, 2, 3) ta con co6:
Phuong trinh trung hoa dién: [H'] + [Na] = [CH;COO]+ [OH] (4)
Phuong trinh bao toan néng d6: [HA] +[A]=C, + Cy
Bang cac phép bién d6i toan hoc, tir 5 phuong trinh trén, ngudi ta da chimg
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minh duoc:
RO L)
(¢, +[#"]-[or])

Pay 1a phuong trinh tong quat tinh [H'] trong dung dich, n6 1a phuwong trinh
bac 3 cua [H']. Do d6 dé tinh pH trong cac dung dich nudc, ta phai ding cach giai

(2.5)

gan dung.

2.3.1. Dung dich axit manh c6 nong d$ C,.

HCl - H*+CI'
C, C,
[H*]=Ca —> pH =-1g[H'] = - IgCa (2.6)

2.3.2. Dung dich bazo' manh c¢6 nong d¢ Cb.
NaOH — Na*+ OH

C, C,
- . o™ 10
I:OH ]':Cb —)[H ]=[07j=c_b‘.
107"
pH=—lg[H":|=—lg G 2.7)
h

pH=14+1gC,
2.3.3. Dung dich axit yéu c6 K,, C,.
HA = H'+ A
Vi 1a mot Axit yéu nén [OH] << K, va C, = 0, do d6 tir (2.5) ta c6:

[H°]= K.C, >[H] =K,C,

[#°]

pH=1g[H']=-1g K,C, =%pKa -%1gc,, (2.8)

2.3.4. Dung dich ciia mdt bazo yéu ¢6 K, va C,.
Vi la mot bazo nén

107"

C,=0,K, = R va [H'] << [OH-] << Cb

a

Tur (2.5) ta co:
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K,[OH"] K, 10"
H+ = — = i
== e
2 K,.10%
[} Al

- pH =7+-l—pKa +llgC,,
2 2 (2.9)

1 1
=14-2 pK, +1gC,
2.3.5. Dung dich gdm 1 axit yéu va 1 bazo yéu (dung dich dém)

2.3.5.1. Pinh nghia: Dung dich dém la dung dich c6 gia tri pH khong thay dbi
hodc thay doi rat it khi thém mot luong nho axit manh hodc mét luong nho bazo
manh vao dung dich d6, ké ca khi pha lodng dung dich.

Vi du hé dém axétat 1 M:

CH,COOH / CH;COONa c6 pH = 4,8
IM IM

Thém 10ml HC1 0,1M vao — pH =4,7

Thém 10ml NaOH 0,1 M vao — pH =4,9
2.3.5.2. Cac logi dung dich dém

- bém axétat: CH;COOH / CH;COONa

- Bbém cacbonat: NaHCO3/ Na,CO;

- bém Amoni: NH4Cl / NH,OH

- Bbém phét phat: Na,HPO, / Na;PO, (hoac NaH,PO, / Na2HPO4; H;PO, /
NaH2P 04)

Nhitng hé dém chi c6 mdt cap axit bazo li€n hop dugc goi 1a dém don, con hé¢
c6 2 cdp axit bazo lién hop dugc goi 1a dém da.

2.3.5.3. Cong thirc tinh pH cua dung dich dém
Vi dung dich c6 mot axit yéu va mot bazo yéu nén tir (2.5) ta co:
[OH'], [OH] << C,, C,

+ KaCa
[# ]=—Cb_

pH =pK, + lg% (2.10)

a
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2.3.6. Dung dich axit da chwc: H;PO,, H,SO;, H,CO:;.
Loai axit da chirc nay phan li theo nhiéu nac ?
H,PO, = H" +H,PO; > K,=17,1.10"
H,PO; == H'+ HPO,;” > K, =6,3.10"*
HPO}I = H'+PO; - K, =4,5.10"
H,SO, = H* + HSO; — K, =1,2.107
HSO; = H* +S0* > K, =6,6.10"

Néu néc (1) cach xa nhiéu nc (2) hang van lan thi khi tinh toan véi axit 2 nic
ngudi ta khong tinh dén néc 2, coi nhu nhu mot don axit yéu ma pK,= pK, cua don
axit yéu:

1 1
pH=-2—pK|—§lgCa (2.11)

Véi axit ba nac ngudi ta tinh pH ¢ ndc 1 NaH,PO, theo cong thirc sau:
pH= %(pKl +pK,) va nic 2 (Na,HPO,)
pH =%( PK, + pK, ) (2.12)
Con nic tht 3 duogc tinh (Na;PO,):
pH=17 + ?lz-pK3 " %lng(Cb = Crp0,) (2.13)
2.4.CAC Vi DU TiINH pH CUA DUNG DICH:

Vi du I: Tinh pH cta dung dich HCOOH 0,1M. Cho K= 10*. Ta ap dung (2.8).

1 1
H=-—4-—Igl0" =25
pH=54-lg

Vi du 2: Tinh pH cua dung dich NH; 0,1 M. Cho KNH; = 10™**. Ap dung (2.9)
ta co:

1.1 1
H=s4-248+—1g10" =11,1
PE=41"73 28

Vi du 3: Tinh pH cua dung dich thu dugc khi thém 15ml HCI 0,1M vao 20ml
dung dich NH; 0,1M. Cho KNH; = 10™**

Phan tng xay ra: HC1 + NH; = NH,Cl

Nong d6 hai chat déu bang nhau va déu 1a 0,1 M nén thé tich tiéu ton phai

tuong duong nhau. Do d6 thé tich HCL trung hoa NH; 1a 15ml, lugng NH; con 1a
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5ml, day 12 méot bazo yéu, dung dich con c6 NH,Cl tao thanh 1a 15ml va 13 mét axit
yéu. Dung dich thu dugc 12 mot hé dém.

Ap dung (2.10):

C
H=pK, +1g—2>
pH=p gC

Thay pK, = 14 - pK,, va

Cb= 20l (= 1501 Vao ta co:

g
g

4 5.0,1 _ 1
PH=(14-4.8) +Ig 720 =9.2+1g

=92+Igl-1g3=92-0,47=8,73

Vi du 4: Tinh pH cua dung dich thu dugc khi thém 20ml KOH 0,1 M vao 25ml
dung dich HCOOH 0,1 M. Cho K, = 10

Phan Ung xay ra:
KOH + HCOOH = HCOOK + H,0O

Ciing tuong tu bai trén, ta thiy dung dich sau phan tmg con du HCOOH 13 5ml,
lvong mudi HCOOK tao thanh 13 mot bazo yéu c6 ndng do twong duwong ndng do
KOH thém vao. Do d6 dung dich thu dugc 1a hé dém.

Ap dung (2.10), ta c6:

of v,i.C
H=pK, g2 -4+1gt—2 =
p PA, gC gnc

a

4+1g 20.0,1 —4.6
onC, 5.0,1

2.5. CAN BANG AXIT - BAZO TRONG DUNG MOI KHONG NUOC
2.5.1. Phan loai cac dung moi

Vé nguyén tic, moi chét long déu co thé dung lam dung méi. Co cac dung moi
phén tir trong d6 ton tai chu yéu cac phan tir khéng mang dién (vi du nude, ruou,
amoniac long, cac axit cac boxylic, cdc amin...) c6 cdc dung moi ion, trong do chi
tdn tai cac cation va anion va loai dung méi kim loai 1a kim loai néng chay (¢ nhiét
do cao).

Céc dung moi phéan tir dong vai tro quan trong, trong dé cac dung moi ludng
tinh 1a quan trong hon ca.

2.5.2. Phan ung Axit - bazo trong dung moi ludng tinh

Trong cac dung moi ludng tinh c6 qua trinh ty phan proton cua céc phan tu
dung méi. Ching han véi dung moi HS.
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HS = H' +8"
HS+H" = H,S*
2HS = H,S* + 8

10n lioni ionliat

Tich s0 ion ctia dung moi.

[H,S']1(S] =K,

(2.14)

Phan g tu phan proton ctia mot sé dung méi ludng tinh.

Nudec:

2H,0 = H,0"+ OH

Ruou etylic:

2C,H,0H = C,H,OH;+ C,H,0

Axit focmic:

2HCOOH = HCOOH; + HCOO

K=1,0.10"
K=1,0.10".
K =1,0.10°

Ciing nhu trong nudc, trong dung moi ludng tinh HS, ta co:

pH=-1g [H']; pS=-Ig [S]

VapK;=pH +pS

Trong dung moi nguyén chat pH = pS =1/2 pK;

Dung dich s& c6 phan tng axit khi [H,S"] > [S] hodc pH < pS, s& c6 phan tng
bazo khi [H,S"] < [S] hodc pH > pS

Noi chung trong dung méi nay pH duoc xac dinh trong pham vi pH = 0 cho dén

pH = PKys). Trong bang (2.1) c6 cho ddc tinh axit - bazo cia mot s6 dung moi

ludng tinh.
Bang 2.1. Pic diém axit - bazo clia mot s6 dung méi luéng tinh.
Dung méi | Ionlioni Tonliat K; Thang pH | pH trung
(HS) binh
H,S0, H,;S0," HSO, 1078 0-3.8 1,9
HCOOH | HCOOH" | HCOO 10° 0-6,0 3,0
CH;OH | CH;0H" CH;0O 10°1%7 0-16,7 8,35
C,H;O0H | C,HsOH," | C,H;O 107"
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Trong nuéc HCL 1a mot axit manh, nhung trong dung moi axit axétic bang co
tinh bazo rat yéu nén HCI lai 1a mot axit yéu.

HCl + CH;COOH = CH;COOH;+ CI
Dbi v6i cac dung moi co hang sd dién moi thi thuong xdy ra sy lién hop gitta
cac ion tich dién nguoc ddu. Chang han, trong dung dich axit HA, cOn xay ra su
lién hop gitra cac ion H,S™ va A’ tao ra cac cip ion H,S'A” (hay H'A") khéc voi
phan tir HA. Do d6 trong cic dung méi nay luc axit ctia nhiéu chét giam di.

O trong H,0 (g = 78,5) axit axetic c¢6 pK, = 4,76; con trong rugu (etanol € =
24.2) thi pK, cua axit axetic bang 10,3, nghia 13 lyc axit giam di nhiéu.

Hang s6 phan li cua axit K, phu thudc vao hang s6 dién moi cua dung mdi, phu
thudc vao di¢n tich va kich thude cac ion va nong do céc ion.

Béang 2.2. cho chi s6 hang s6 axit va chi s0 hang s6 bazo cia mot s6 cdp axit -
bazo trong etanol va trong axit axetic bang.

Bang 2.2. Chi s6 hing sb axit va bazo

Cap Axit — Bazo Dung moi pK. pK,
HNO;/ NO5y C,HsOH 3,6 15,4
HCOOH/HCOO C,HsOH 9,2 9,5
CH;COOH /CH;COO C,HsOH 10,3 8,7
HCIO4/CIO4 CH;COOH bang 2,9 11,5
HCI/CI CH;COOH bang 5,0 9,4
HNO;/NO5 CH;COOH bang 9,4 5,0

Viéc danh gid pH trong cac dung dich khong nudc cling tuong tu nhu trong
dung dich nuéec.
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CAU HOI VA BAI TAP CHUONG 2
2.1. Tinh [OH'], pH, pOH ddi véi dung dich axit c6 nong do [H'] = 0,0010M,
coi hé s6 hoat d6 cac cdu tir bang 1.

2.2. Thém 300ml H,O Vao 200ml dung dich HCI c6 néng do 16n H™ 0,10M.
Tinh pH cua dung dich sau khi da pha loang.

2.3. Tinh pH, pOH va [H'], [OH] ctia dung dich HCI 1,0.10>M.
pH, p

2.4. Tron 200ml dung dich HCI ¢6 pH = 2,0 v61 300ml du HNO; ¢6 pH = 3,0.
Tinh pH cua dung dich thu dugc.

2.5. Nho 1 giot HCI 3,4.10° M vao 300,00 ml nuéc. Tinh pH cua dung dich,
biét thé tich 1 giot 13 0,03ml.

2.6. Tinh [H'], [OH], pH cua dung dich thu dugc khi thém 20,0 ml dung dich
NaOH 1,00.10'3M vao 80,00 ml dung dich HCI 2,5.10-4 M.

2.7. Tinh pH cta dung dich HCOOH 0,1 M.
H,0=H'+0H", K,,=1.10"
HCOOH = H* + HCOO" K, =1,78.10™

2.8. Tinh ndng d6 ctia dung dich CH;COO' phai ¢6 trong dung dich sao cho pH
=3,0.

pH= 3,0 << 7,0. Vay su phan li ciia nudc 1a khong dang ké.
[H*] = 10"H= 1030
CH,COOH = CH,COO" + H* ; K'=10*
2.9. Tinh pH ciia dung dich NaCN 0,010M, K, = 10™%

2.10. Trén 20,00ml HCI 0,02M véi 30,00 ml dung dich CH;COOH 0,15M.
Tinh pH ctia hdn hop thu duoc, cho K,. 107*7°.

2.11. Tinh pH cua dung dich CH;COOH Cl= 0,01 M va NH,C] C,= 0,100M,
K,=10™*"°, K= 10™*7°.

2.12. Tinh pH trong hén hgp HCOOH 1,00.10° M va KCN 0,100M,
K,=10"".

2.13. Tinh pH ctia hdn hgp HCN 1,00.10°M va KCN 0,100M, K, = 10™°.

2.14. Tinh pH va nong do S* trong dung dich H,S 0,10M: K; = 107",
K= 107122
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CHUONG 3:
PHAN UNG TAO PHUC

3.1. KHAI NIEM VE PHUC CHAT
3.1.1. Pinh nghia - phan loai

Phtic chét 13 nhiing hop chat co thanh phan phirc tap, dii bén trong dung dich
nudc, nghia la kha nang phan li kém.

Vi du: Cho 1mmol (NH,4),SO,. Fey(SO4);.12H,0 hoa tan vao thé tich xéc dinh
nudc va cho vao doé lugng KCNS du, dung dich nhan duge c6 mau dé mau.

Cho 2mmol K;[Fe(CN)e] hoa tan vao thé tich nuéc nhu trén va cho vao do
lugng KCNS du — dung dich nhan dugc s& c¢6 mau hong. Piéu d6 chimg minh
K;3[Fe(CN)q] bén hon (NH,),SO, Fey(SO4)s. 12H,0. Kha ning phan li ra Fe’™ tu do
cta [Fe(CN)6]> 1a rat yéu vi no 1a phuc chat, con (NH4),SO4.Fey(SO4);.12H,0 1a
mudi kép.

Phirc chat 6 hai loai, d6 1 phirc chit vo co va phirc chét hitu co.

- Phirc chét vo co: K5[Fe(CN)g], Ku[Fe(CN)s], NHs" [Ag(NH;),]Cl, CdCly,
CdCL?*...

- Phirc chit hitu co: +Me®" tao v6i mudi 2 lan thé Na caa EDTA (Etylen
Diamin Tetra Axetic axit):

Me** + H,Y* — MeY* + 2H*

1
OOC - CH, ~_ Me - /CH2 ~ COO

N.' ‘CHZ—CHZ‘ \
NaOOC - CH, /

CH, - COONa

Pb** tao véi Dietyl Dithio Cacbamat Natri:

Na[DDC] + % Pb* — [DDCJPb/2 + Na*.

Phurc [DDC]Pb/2 ¢6 cong thirc nhu sau:

(CHy),- N ~C \\//>Pb/2
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3.1.2. Cach goi tén phirc chat:
S chi s6 phdi tir + tén phdi tir + tén ion trung tAm + tén ion cau ngoai.
- [Cu(NH3),4]SO4: Tetramino dong (II) sun phat.
- K;5[Fe(CN)g]: Kali hexa xyanua sat (I11)

Tén cua phéi tu: X-halogien nua; OH - hydroxo; NOs™ nitrato; H,O - aquo;
NH,(NH3" NH) amino; CO - cacbonyl.

3.1.3. Hang s6 bén va khong bén ciia phirc chét:

K,[Fe(CN)s] =4K* + Fe(CN){”

Fe(CN)* = Fe(CN)* + CN- K,
Fe(CN)*" = Fe(CN)* + CN- K,
......... Ty e K,
Fe(CN)" = Fe’* + 6CN K
Trong do:
Fe(CN). |[cN-
K,= [Pe(cm, ]E J (3.1)
[Fe(CN);]
duoc goi 1a hing s6 khong bén nac 1 thi:
_ [Fe(CN)i‘][_CN‘] (32)
[ Fe(CN)Y ]
............ L
_ [P ]ev] 3.3)

1a HSKB néu 6, con

K=K, K, ... K= Lo O]

duoc goi 12 hang sd khong bén tong hop.
[Fe(CN)‘},‘] JC 8¢ g g g hop

Nguoc lai:  Fe?* + CN' = Fe(CN)*
thi 3 [ Fe(CN)" ] dugc goi 1a hang s6 bén nic 1 (3.4)
EHES

con: Fe(CN)'+ CN = Fe(CN),
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_ [Fe(CN), ] duoc goi 12 hang s bén nac 2 (3.5)
" [Fe(cN) ] [oN"]

thi B

va Fe(CN)¥ + CN' = Fe(CN)*
[Fe(CN)g']

duoc goi 1a hang sd bén nic 6 (3.6)
Fe(CN);-].[CN-]

thi B = [

Con phan ung: Fe**+ 6CN" = Fe(CN){
[Fe(CNy; ]

[Fe* ][N T

Pbi voi phirc nhiéu nhan thi hing s tao thanh tong hop c6 thé thém chi sé cho

duogc goi 1 hang s6 bén tong hop (3.7)

thi B, s =

biét sO lugng 16n trung tam, chi s6 nay dé sau chi s6 phoi tir. Vi du:

24g" +61° = Ag, I By =10°

[AgZI:—:I 30
=10
[4g"]'[7"]
3.2. TINH NONG PQ CAN BANG CUA CAU TU TRONG DUNG DICH
PHUC CHAT

Gia st ¢6 cac phan tng tao phurc xay ra theo so do:

[ML]
M+L = ML - 3.8
' A=l G9
. _ [M]
ML+L = ML, A=Gad
ML, , +L =ML, 4 =#}%—L] 3.9)
R ] _
M+l < ML, A=t (3.10)

Nong d6 cac dang tng:

[ML] = B,[M] [L]
[ML,] = B,[ML] [L] = B,B,[M] [L)?
[ML,] = B,B, ... B.[M] [L]".
Nhu vay khi biét duogc dang tdn tai chu yéu cua phuc chét, ta co thé tinh duoc
néng do can béng theo dinh luat tac dung khdi lugng hodc theo dinh luat bao toan
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nong do doi vai ion kim loai va doi voi phoi tu.

3.2.1. Phoi tir rat du so véi ion trung tim.

Pé dat dugce diéu d6 phai tinh toan bang nhimg phuong phap gan dung thich

hop.
Khi d6 phirc tao thanh s& c6 thé c6 sé phdi tri cao nhét (vi C >>

Ta c6 néng d6 can bang phdi tir bang nong d6 ban dau ([L] = Cp)

Ch)-

Vi du 1: Tinh néng do can bang cac ciu tir trong dung dich AgNO; 0,01M,

NH3 1,00 va NH4;NO; 1,00M. Cac qua trinh xay ra trong dung dich:

AgNO,= Ag* + NO;
NH,NO, = NH: + NO;

Ag®" + NH; = AgNH; 1gB,,=3,32
Ag' +2NH,= Ag(NH,); 1gB,,=7,24
NH;= NH,+H* pK,=9,24

Ag*+H,0 =AgOH+H"* 1gK=-11,70
Xét cac diéu kién gan ding.
Tinh gan dung pH cia dung dich.

Tir cAn bang (3) ta co:

pH = p1g+1g[[ 3]]~pKa+lg —9,24+1g$=9,24

O gia tri pH nay: [NHs] = 1 = CNH;
Nhu vay c6 thé bo qua su proton hoa ctia NH;.
Tu (4) ta co:
[AgOH] =K[Ag']/ [H'] ~ 1017.10%10%%* = 10*% <<
Nhu vay su tao phirc hidroxo ciing xdy ra khong dang ké.
Tu (1), (2) ta co:

[AgNH; 1=, [Ag"][NH;]
[Ag(NH,);] =B, , [Ag'] [NH,]*
C=p,,[Ag"] [NHa]2

Viéc so sanh (5) va (6) voi [NH3] = CNH; = 1 cho théy.
B,INH;](10%%?) << B, [NH,]%(1072*).

1)
)
3)
“4)

Cags-

)
(6)

34



Vay phirc t6n tai trong dung dich chu yéu 1a Ag(NH;)
Tur 1ap ludn trén ta c6 thé tinh gan ding nhu sau:
- Xéc dinh thanh phan giéi han:

Ag'+2NH; = Ag(NH;);

(o 1072 1 0
AC -10? -2.1072 +10?
[] 0 0,98 10
Tinh CB theo so 3 Kamar:
Ag(NH,); = Ag'+2NH, X, = 107%)
c 0,01 0,98
AC -x +x +2x
[ 1 0,01-x X 0,98 + 2x

o VLT [48"] (0,98+20)x | o
o {ag(vmy),| (001-%)

Vo1 x << 0,01 ta tinh ra:
x=6,0.10" << 0,01
Vay [Ag']l=x=6,10""M ; [NH,] =0,98M
[AgNH:] =1,2.10°M ; [Ag(NH,)$1=0,01 - x = 0,01M
[AgOH] =2,1.10""M
Nhu vay cac gia thiét gin dung o trén déu hoan toan thoa man.

Vi du 2: Tinh ndéng d6 can bang trong dong dich Cd(NOs), 0,01M va HCI
1,00M.

HCl - H*+CI”

Cd(NO,), —» Cd* +2NO;

Cd* +ClI” = cdcr* lgs,=195 ()
Cd* +2CI- =CdCl, Ig5,=2,49 (2)
Cd* +3CI" = CdCl; lgp,,=2,34 (3)
Cd* +4CI" = CdCl}F lgf,=4,64 (4)

Xét cac diéu kién gan ding.

- Moi trudng axit, ¢6 thé boé qua su tao thanh phirc Hidroxo ciia ion Cd*".

- Cy >> C_,.., céc gia tri 1gB khong qua 16n va khong chénh 1€ch nhau nhiéu.
Do d6 ¢6 thé coi [CI'] = C ., hung khong thé coi 1 dang phirc nao 1a chiém uu thé

(B1= B2~ B3 = Pa).
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Khi tinh gan dung, phai ké sy c6 mit cua tat ca cac dang phire cloro cua Cd**
Ap dung dinh luat bao toan ndng do ban dau déi v6i ion Cd*" ta co:
Cg= [Cd**] + [CACI*] + [CdCL,] + [CdCL; + [CACIZ]  (5)

Ap dung dinh luat TDKL cho céc can bang (1) — (4) va thay cac gia tri tinh
dugc cua cac dang phutrc vao (5) ta co:

C, = 0,01 = [Cd**]+ B,[Cd**][CI'] + B, , [Cd*] [CI')*+ B, ; [CA*][CIT?
+ B, 4 [CA*I[CTT* (6)

Sau khi t6 hop ta rit ra:
Cc‘d" (7)

[Cdb:] - 2 3 4
1+gler]+s,[cr ]+, + . cr]
Chép nhén [CI']= C_, = 1. Gidi (7) ra ta co:

[CdCI*] = 1,3.107 ; [CdCl,] = 4,7.107
[CdC1;]=3,3.10%;[CdCI* 1 = 6.6.10"
Viéc kiém tra bang cach thay cac két qua di tinh duoc vao phuong trinh (5) cho
thay:
C... = 9,975.10°M so véi gia tri ban dau (C_,.. = 0,010) thi sai s 1a khong

dang ké (-0,25%).

Cd2+

Néu thay cac Kkét qua da tinh dugc vao phuong trinh dinh luat bao toan néng do
ddi véi ion CI thi:
Co =[ CdCr* |+2[CdCt)+3[ cdcl; |+ 4 cdCry |+ [ I ]=1
. 4
Suyrai o ]=1-Yi[cdcl]=0,9768M

Sai so: 0,977 -1

100=-2,3%
C6 thé chip nhan duoc, néu chi ¥ rang sai s6 ciia cic hang sb can bang c6 thé
dao dong trong khoang 1 - 10%.

Céc két qua tinh toan ciing cho thay trong hé Cd**(010M) + CI'(1,0M) cac dang
phtc t6n tai & mirc 46 ngang nhau, trong d6 ndong do CdCl, hoi 16n hon, c6 néng
d6 CdCl,™ lai bé nhat.

3.2.2. Ion trung tam rat du so véi phéi tir (Cy>> Cp)

Truong hop nay thuong gap khi phat hién dinh tinh céc ion.
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Vi du: Thém 1 giot (0,03 ml) dung dich NH4CNS 0,10M vao 1,00ml dung
dich FeCl; 0,100M khi ¢6 mat HCI 1 M (coi thé tich thay dbi khong dang ké khi
thém thudc thir). Tinh ndng d6 can bang cac cau tir trong dung dich.

FeCl, - Fe +3CI"

HCI - H* +CI”
NH,CNS — NH] +SCN~
, 0,10.0,03 S
C,p =0,10,C, = =3,0.10
C,. =1

Xét cac diéu kién gan ding.

Vi nong d6 16n H' 16n nén c6 thé bé qua su phan li cia ion NH," va su tao
phirc hidroxo ctia Fe’".

Vi CFe3 . >> Cgen- Nén co thé coi phan tmg tao thanh phirc FeSCN** 1a chu
yéu:
Fe* + SCN = FeSCN*™,B,_,o>"
c 0,1 3.107 0
AC -3.10%  -3.107° +3.10°
C 0,097 0 +3.10°

Thanh phan céc ion:

[FeSCN?*] = 3.1073 ; [Fe**] = 0,097
FeSCN?* = Fe* + SCN' (10% = K)

C 3.10°3 0,097
C -X +x
[] (3.103-x) (0,097 +x), x
x(0,097 + x) T
——— =10
3107 -x
Véi x << 3.10°
_ 2,8.107°

=2,9.10°M <<3.107
0,097

Vay  [SCN]1=x=29.10%; [Fe*] = 0,097 + x = 0,097
[FeSCN?*] = 3,0.10° - x =2,97.10°M

Ngoai phitc FeSCN*" trong dung dich con cac qua trinh:
Fe** +2SCN™ = Fe(SCN), g3, =4,97
Fe* +3SCN™ = Fe(SCN), lgf,,=6,37

Fe** +4SCN™ = Fe(SCN); 1gB,, =717
Fe** +5SCN™ = Fe(SCN)Y Ig 5 =7,19
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Viéc kiém tra cho thay:

[Fe(SCN),*} = 7,6.10°
[Fe(SCN),*] = 5,5.10?
[Fe(SCN), 1= 1,0.10"2
[Fe(SCN)*] = 3,1.10™"

déu rat bé so v6i [FeSCN>"]. Vay cach tinh gan dung & trén 1 hoan toan phu hop.

3.3. ANH HUONG CUA pH VA CUA CAC CHAT TAO PHUC PHU PEN
NONG PO CAN BANG CUA PHUC. HANG SO KHONG BEN VA HANG
SO BEN PIEU KIEN

Trén day ching ta da nghién ctru can bang tao phirc trong diéu kién 16n trung
tam va phdi tr chi tham gia vao mot phan tng duy nhat 1a phan tng tao phirc giita
chung véi nhau. Trong thuc té cac trudng hop do rit it gip ma ta thudng gip cic
truong hop trong d6 ion trung tdm hodc phdi tir hodc ca hai thuong tham gia vao
nhitng phan tng phu khac. Vi du: cation Cu®" va anion etylen - diamintetraaxetat
(viét tit 1a EDTA) va duoc ky hiéu 1a Y* khong nhitng chi phan tng véi nhau dé
tao thanh phtirc CUY> ma Cu®" con c6 thé tao phirc voi cac phdi tir khac nhu OH,
NHs,... va Y* con co thé tham gia phan Gmg v6i ion H'. Vi vay, nhiing ion va phan
tir nay (OH", H', NH;...) 1 nhiing yéu t6 1am thay ddi su tao phic ciia Cu+ va
EDTA. Trong truong hop nay ngudi ta thuong dung hang sé bén hodc khong bén
diéu kién dé phan anh nhimg diéu kién cu thé trong d6 phan mg tao phuc dugc
nghién ctru xay ra dong thoi dé don gian hoa viéce tinh toan cac ndng do can bang.

Hing s bén diéu kién.
Gia sir ion kim loai Mn', ngoai viéc tham gia phan tng tao phitc chinh véi
anion EDTA Y*:
M™ +Y* o MY™

con tham gia phan ung phu véi phéi tir L tao nén cac phirc ML, ML,... ML, va
anion Y* con tham gia phan g voi cac ion H dé tao thanh HY?, H,Y*, H5Y,
H,Y. Trong diéu kién nay hang sé bén diéu kién B,y ctia phitc MY™* duoc dinh
nghia nhu sau:

ﬂ' [MYH-4:|

v ]

Trong dé: [M’] 13 tong ndng d6 can bing cac dang ton tai cia Mn", trir phirc
MY™, tire 1a:

(3.11)
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[M’] = [M] + [ML] + [ML,} + ...+ [ML,]

[Y,] la téng cac néng do can bé“mg cua cac dang ton tai cua Y™, trir phtrc MY"™,
tuc la:

[Y']=[Y*]+ [HY*] + [H,Y*] + [H,Y] + [H,Y]

Néu ky hiéu hing sd bén timg nac ctia cac phirc ML, ML,... lan luot 1a P,
B2,... Pm Va céc héng sb axit tung nac cua H,Y lan luot 1a K, Ks, K3, Ky... thi ta
co:

IM1=[M]+ B,IMI[L]1+ B,.B, MLV +...+ B,.8,...8 [M]L]"=
=[M](1+B,[L]1+ B .B[LP+..+ B,.B8,..B8 L™= [M]'au(1.> (3.12)

= e Q] LTl [ 0] L]

K, K, KKK, K.K.KKX,

RS oM 5 N Ca

4 K4 K} K4 K3K2 K4 K3 KZKI

=[Y*].%w (3.13)
Thay (3.12, 3.13) vao (3.11) ta co:
S e B
Bur =7 - = B, (3.14)
" {M ]aM(,_)[Y“ ]'ar(m Crg Ly Ry my "

Do hing sb bén diéu kién chi 14 hang s6 trong nhiing diéu kién x4c dinh. Tai
nhimg diéu kién x4c dinh, gia tri hang s6 bén diéu kién ctia mot phirc cang 16n thi
phirc d6 cang bén tirc 1a trong diéu kién d6 phtic tao thanh cang hoan toan. Hang s6
khong bén diéu kién K'yy 14 nghich dao cia hang sé bén diéu kién.

v
Ky = ] (3.15)

Vi du 1: Tinh hing sb bén diéu kién cua phirc MgY* trong dung dich c6 pH =
11,0. Biét hang sb cua phic do 1a Bmey = 10*’. Hang s6 bén cta phirc MgOH "
BMgoH" = 107, HyY c6 pK, = 2,0; pK, = 2,67; pK; = 6,27; pK4 = 10,95;

Pit B’ 1a hang s6 bén diéu kién cua phirc MgY* tai pH = 11, ta co:
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_ [Me¥™]
(Mg [Y']

Trong do [Mga] - [Mg2+] aMg(OH). va [Y’] = [Y4] Ay iy

ﬂ‘MgY

Hay tinh ougom) va oy @)

=1+ [OH]=1+10*%.10%=1+10"=1,38

Mg(OH )’

e 14 L1 [T [T (]
K, KK, KKK, K.K.KLK
_ 10—ll 10—22 10—33 10—44

+ 10—10,95 + 10—]0,95. 1 0—6,27 + 10—].0,95‘ 1 0—6,27. 1 0-2,67 + 10—10,95- 1 0—6,27' 10—2,67.10—2

-11
=1+ _-189

1 0-10,95

Hang s bén diéu kién cua phirc MgY* trong dung dich c6 pH=11 14

. 1 1
=10%" — —— =10%%
Pur 1,38°1,89

Twc 1a B° ¢6 nho hon B chut it va gia tri nay kha 16n ching t6 trong dung dich
c6 pH = 11 va khong con chat nao khac tao phirc voi ion Mg thi ion Mg®" tao véi
EDTA thanh phurce khé hoan toan.

Vi du 2: Tinh ndng do cin bang & pH = 11 cia cac cau tir trong dung dich
Mg*" ¢6 ndng do ban dau 0,01M va EDTA c6 nong d6 ban dau 1a 0,02M. Trong
thi du trén, ta di tinh duoc hing s6 bén diéu kién ctua phic MgY™ trong dung dich
copH=111ap’=108,28.

Phuong trinh bao toan khdi lugng cia Mg%:

Mg’] + [MgY?*]=10%%

va cua EDTA la:

[Y’]+ [MgY?%]=0,02.

T hai phuong trinh trén suy ra:

[Y’]=0,01 + [Mg’]

Thay [MgY*]= 0,01 - [Mg’] va [Y’] = 0,01 + [Mg’] vao biéu thtrc ctia hang sd

bén diéu kién:

_ [Mgr™] 0,01-[Mg']

P g 7] RO
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Gia str [Mg'] << 0,01 thi: 0,01 _,qss
0,01[Mg']

s 1 -
Mg’} = 1—0—8_2—8=10 528

Nhu vay, gia thiét trén 1a ding vi [Mg'] chi bang mot phan triéu cta 0,01. Ta

biét: [Mg'] = [Mg2+]aMg(oﬁ). Trong vi du trudc ta da tinh dugc « . =1,38; do

do:

Mg(OH)

-8,28
[Mg2+] = 1?38 - 10—8.42
[MgY?] =102 - 1032 ~102

[Y’']=0,02-MgY*=0,02-0,01=0,01

[Y4] = [Y'] =_(&1_
Xyy b

=5,2.107

Nhu vy tai pH = 11 toan bd Mg di tao phirc véi Y.

Vi du 3: Tinh hing s6 bén diéu kién cta phirc NiY” trong dung dich dém NH;
IM + NH,CI 1,78M. Biét réing trong diéu kién do6 néng dd ban dau cua ion Ni*"
khong dang ké so voi ndng d6 NH;. Phirc ciia Ni** v6i EDTA ¢6 hing s6 bén p =
10", Phirc ciia Ni*" v6i NH; c6 cac hing sd bén tong cong lan luot 1a 10%;
10%%; 10%%; 10" va 10+. pk cua HsY di cho trong cic phan trén. Theo dinh

nghia:
ﬂNiY

A wty)y P yin)

ﬂN/Y =

Vi ndng d6 [Ni*"] kha nho khéng dang ké so véi ndng dd6 NH, nén ta coi pH
cua dung dich la pH cua hén hop dém NH; 1M + NH,Cl 1,78M.

[NH;] 1077178

= =10"°
M4 [ NH, ] 1 !

[H']=K

Tinh o).

Ta tinh o) twong tw nhu & vi du 1. Khi [H'] = 107, ta tinh duoc o) = 10",
Ta tinh dugc a,y, =1+ Bri [NHs] + ... + Bys [NH;] thay cac gia tri 8, [NH;]
Tinh a = 10%*. Do d6 ta tinh duoc B'niy

1018,62

Ji =(——)10l_28 0 =10"" =1,38.10°.
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Nhu vay trong dung dich dém NH; + NH4Cl c6 ndng do NH; kha 16m, c6 pH =
9, ion Ni** vira tao phurc véi EDTA vira tao phirc véi NH; nhung khi tinh o’y ta
thy gia tri hang sd d6 rat 16n ching to Ni** tao phtrc dinh lwong v6i EDTA.

34. PHUC CHAT CUA CAC ION KIM LOAI VOI AXIT
ETILENDIAMINTETRAAXETIC.

Trong sb cac chét tao phtrc vong cang (Chelate) voi cac ion kim loai thi nhém
thude thir hiru co ¢o tén chung 1a complexon c6 ting dung rat rong rai trong hoa
phan tich, cic complexon 13 nhitng dan xuat clia cac axit aminopolycacboxilic.

Vi du: Nitrylotriaxetic hay complexon I.

CH,COOH
N & CH,COOH Viét tit Ia HyY

CH,COOH

Axit etylendiamintetraaxetic (EDTA) hay complexon I1.

HOOC—CH, CH,— COOH
/N—CHz—CHz— N
HOOC—CH, CH,— COOH

Puoc viét tit 1a HyY. Vi EDTA tuong d6i kho tan trong nudc nén trong thuc té
ngudi ta thudng dung mudi dinatri ctia nd tan nhiéu trong nudc. Mudi d6 Na,H,Y
duoc goi la complexon III hay Trilon B.

Céac complexon tao duoc phirc bén voi hang chuc ion kim loai. Cac phtrc nay
thoa man cac diéu kién cua nhitng phan tng dung trong phan tich thé tich, vi vay
ngdy nay ngudi ta sir dung rat rong rai phuong phap chuan do tao phic dung cac
complexon duoc goi 12 phuwong phap chuan d6 complexon.

Trong phan nay ching ta s& ban téi d6 bén ctia cac phirc complexon duoc goi 1a
cac complexonnat.

Complexon III tao phirc v6i hau hét cac ion kim loai. Bang sau ddy ghi lai hang
s6 bén ctia cac phtrc d6 va gia tri 1a ctia cac hang sb d6
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Bang 3.1. Hing s6 tao thanh g ciia cac complexonat kim loai

Cation KL Phirc conplexonat /] Igp
Ag” AgY” 2,1.10 7,32
Mg** MgY*> 4,9.10° 8,69
Ca** CaY”> 5,0.10" 10,70
Sr* SrY” 4,3.10° 8,63
Ba™ BaY” 5,8.10 7,76
Mn** MnY?> 6,2.10" 13,79
Fe* FeY” 2,1.10" 14,33
Co*" CoY” 2,0.10' 16,31
Ni** NiY* 4,2.10" 18,62
Cu* CuY”> 6,3.10" 18,80
Zn** ZnY” 3.2.10° 16,50
Ccd* Cdy? 2,9.10' 16,46
Hg* HgY? 6,3.102" 21,80
Pb* PbY® 1,10" 18,04
Al ALY 1,3.10'° 16,13
Fe* FeY 1,3.10% 25,10

Vv VY 7,9.10% 15,90
Th* ThY 1,6.10% 13,20

EDTA 14 axit 4 14n axit, cic hing sb axit timg nic cia no 1a:

K,=1,0.10? pK,=2,0
K,=2,1.107 pK,=2,67
K;=5,4.107 pK,= 6,27
K,=1,1.10" pK,= 10,95

Vi phan tao phuc véi ion kim loai ¢ day 1a anion Y* nén su tao phuc cia ion
kim loai phu thudc vao ban chat ciia ion kim loai (thé hién & cac gia tri hang sd bén
nhiét dong trong bang 3. 1) va vao pH cua dung dich.

D6i v6i mdi ion kim loai ta c6 thé tinh duge pH dé kim loai d6 tao phirc mot
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cach dinh luong véi EDTA.

Ta hay tinh pH cta dung dich phai bang bao nhiéu dé khi tron hai thé tich bang
nhau cua dung dich ton kim loai M"™ va dung dich EDTA c¢6 ndng do bang nhau C,
thi 99,9% lwong ion kim loai tao phirc complexonat 13 MY™™.

Khi tron hai thé tich bang nhau cua dung dich EDTA va cta dung dich M™" thi
ndng d6 cta chung giam di mot nira, bang % Theo dinh lut bao toan khéi lwong
thi:

IMY™] + [M™] =0,5C, (a)
IMY™] +[Y’]=0,5C,

trong d6: [Y'] 1a tong ndng do cac dang ton ton tai cia EDTA trir phirc MeY™".

Tt (a) va (b) suy ra: [M™] =[Y'] (c)
Khi 99,9% lugng 16n kim loai da tao phtrc MY™, tire 1a:
0,1 C C
M =[y]= 2L S G
[ =¥ 100 2 2000

Thay céc gia tri caa [MY™], [Mn'], [Y'] vao biéu thic cua hing s6 bén diéu
kién f', ta co:
[MY™]  2.10°

B = [ 7] = (3.16)

Nhu vay, mudn cho 99,9% lugng ion kim loai tao phirc complexonat thi hflng
4 1 1 A} 6 2 \
s0 bén dicu kién cua phirc phai bang Z.éO . Ta hay tinh pH dé B' bang gia tri do.

Ta di biét, theo dinh nghia:
B

Ay i)

B'=

nén a, ., = %
Gia st ta tim diéu kién dé tao phtrc hoan toan khi nong do ban dau va EDTA
déu bang nhau va bang 2.10°M (ndng do thuong gip trong thuc tién). Trong
truong hop nay:
6
210° _ s

T

Vé&i mbi phtrc, ta s€ tim dugc mot gia tri o,y dé B'= 10%,
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Phuong trinh biéu dién dai luong o,y 12 phuong trinh bac 4 dbi voi [H':

+ + 2 + P +
SN Lol 0 0 O <0 I 8 @
K, KK, K.KK, K.K.K,.K,

Nén khi biét o, ta phai gidi phuong trinh bac 4 dé tim pH la viéc cuc ky kho
khin. Do d6, ta nén v& dd thi biéu dién sy phu thudc cia o,y vao pH clia dung
dich.

Mudn vay ta thay cac gia tri [H'] 1an luot bang 107, 10™... va 10" vao phuong
trinh (d) trén rdi tinh cac gia tri o, twong tmg. Cac két qua tinh duoc tip hop
trong bang 3.2 sau day.

Bang 3.2. Cac gia tri a,@) 0 cac pH khac nhau

pH 1 2 3 4 5 6
o | 1 0713 | 10134 | 10196 | 10%% | 1054 | 1066
pH 7 8 9 10 11 12
o | 1 032 | 10227 | 10" | 10%% | 10 1

Béang 3.1 ghi gid tri § cua cac phtic complexonnat cac kim loai khac nhau. Tu
cac gia tr1 do, ta tim dugc gia tri oy, dé cho B'= 108. Dung dd thi trén ta co thé
tinh duoc pH mg véi gia tri 6. 6 1a pH t6i thiéu khi tron hai thé tich bang nhau
cta dung dich i6n kim loai 2.10°M v&i dung dich EDTA 10°M thi 99,9% lugng
16m kim loai di vao phuc voi1 EDTA.

Bang 3.3 1a cac gia tri o, cua cac phirc kim loai B = 10® tie 1a cac g14 tr1 oLy
can thiét dé cac phtrc d6 duoc tao hoan toan.

Bang 3.3. Céc gia tri oym) dé cac phtrc complexonat kim loai c6 p' = 10°,

Phtrc complexonat Oly(H)
AgY3' 107068
Mng' 19069
CaY* 10>

SrYz_ 1 00,63
BaYz- 10-0,24
MnY? 10>
FeY” 10%%
CoY? 10%
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N iY2- 1010,62
CuY” 1008
ZnY” 10%
Cdy” 1034
H gz- 10138
PbYZ- 10 10,04
AlY 10%
FeY~ 10"
VY 10'7°
ThY 10"

Hinh 3.1. Gian d6 sy phu thudc cua o,y vao pH cua dung dich va trén duong
cong biéu dién su phy thudc d6 co cac chim biéu thi gia tri dé phuc kim loai co B '
= 10%. Tir diém d6 ta tim duoc gia tri pa twong mg trén truc hoanh 1a gia tri pH tdi
thiéu dé 99,9% lugng ion kim loai tao phirc complexonat.

Tir d thi ta thay cac ion Fe (III), In (III), Th (IV), Se (III) va Hg (I) tao bén
phtrc trong khoang pH = 1 - 2. Cac ion Ni (II), Cu (II), Pb (II), Zn (II) va Al (I1I),
Cd (1), Co (II) tao phirc hoan toan trong khoang pH = 2 - 5. Céc kim loai kiém thd
tao phtrc hoan toan trong khoang pH = 8 - 10.

18
16
14}
12}
10

84

o

N

Hinh 3. 1. Gian d6 sw phu thudc ciia o, vao pH.
pH t6i thi¢u dé 99.9% lrong ion kim loai tao phirc complexonat
tir dung dich ion kim loai nong dd 2.10”>M.
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3.5. UNG DUNG PHAN UNG TAO PHUC TRONG HOA HQC PHAN TiCH
3.5.1. Phén tich dinh tinh cac chat
Céc phan trng mau dic trung thuong dugc sir dung dé phat hién cac ion.

a. Cac phuc cua ion kim loai véi amoniac. Vi du Cu(NH;),*" mau xanh dam
dung dé phat hién ion Cu®", phirc Co™" véi NH; ¢6 mau vang CO(NH;)s>" bi oxi
hoa baoi khong khi hoac H,O, tao thanh phirc CO(NH3)63+ cO mau h6ng dac trung.

Phirc thioxyanat kim loai, vi du Fe(SCN),*™ (n = 1 -5) c¢6 mau d6 mau dic
trung duoc dung dé phat hién Fe’*. Phic Co(SCN),” ¢6 mau xanh it bén trong
nudc nhung bén véi dung moi hitu co (axeton, cic ancol, ete etylic) vi viy phan
g gitta Co>” voi SCN™ khi ¢6 mit dung méi hitu co dugc dung dé phat hién Co™".

b. Céc thude thtr hitu co duoc dung dé phat hién ion kim loai kha phong phu:
Phat hién Ni** bang Pimetyl glyoxim, AI’" bang Alizarin d6 hodc Aluminon, Fe*"
bang O - phenantrolin hoic a, o' dipiridin....

3.5.2. Xac dinh dinh luwgng cac ion kim loai.

a. EDTA 1a thudc thir quan trong dugc dung dé xac dinh dinh luong nhiéu ion
kim loai.

b. Phan tng mau gitta nhiéu thudc thir hitu co véi cac ion kim loai duoc dung
dé dinh luong tric quang hodc chiét tric quang cac ion kim loai. Vi du dinh luong
Ni*" bang Pimetylglyoxim, Fe’* bang SCN’, AI’" bang Aliuminon, Pb>" bang
Dithizon va Cu®" bang Dietyl dithiocacbamat... Cd*” bang Amoni Pirolidin dithio
cacbamat (APDC).

3.5.3. Hoa tan cac két taa khé tan, tach cac ion.

Nhiéu thudc thir tao phtrc dugc st dung dé hoa tan cac két ta. Vi du AgCl tan
trong NH; do tao phic Ag(NH;),"; Cu(OH), tan trong NH,CI do tao phuc
Cu(NH;),”"; - cling do dic tinh ndy ma nguoi ta c6 thé sir dung cac thude thir tao
phutc dé tach cac ion, vi du dung NH; du dé tach hdn hop Fe’*, A" va Cu+ do
Fe**, AI’" dugc chuyén vao két tia Hydroxit Fe(OH);, AI(OH)s, con Cu*" duoc
giit lai trong dung dich dudi dang phirc Cu(NH;),™".

3.5.4. Che cac ion can tr¢

Mot trong céc ung dung quan trong ciia phirc chat trong phan tich hoa hoc l1a
che cac ion can tré. Khi mot thude thir co kha nang phan tmg voi ion B ciing co
mit trong dung dich chira ion phan tich A thi ta néi dén ion B can tré phan tng cua
A v6i thudce thi. Dé loai trir anh hudng cua B ta phai két tia B véi mot thude thir
thich hop.
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Mot bién phap tich cuc 1a "che" ion B, nghia 1a khong can tach B ma chuyén né
sang tao phirc véi mot thude thir khac dé né khong can tré phan tng chinh. Chét
dugc dua vao dé lam triét tiéu hodc kim ham phan tng can trd duoc goi 1a “chat

29

che”.

Vi du: ion Fe’" can tré' dén phan tng giita Co”” va SCN' ta che né bang cach
cho Fe’* tao phic v6i F~ vi phiic FeF¢™ bén hon nhiéu phitc Fe(CNS),™> & trén.
Chét “che” phai c6 kha ning tao phtc bén vdi ion can trd dé nd khong con tac
dung vé6i thude thir chinh dung dé dinh luong, ion can xac dinh, mat khac d6 bén
ctia phue gitta chat che va ion can dinh luong phai rat bé dé khong gay can tré cho
phan tng chinh. Ching han, viéc tim ion Cd*" trong dung dich chtra ion Cu®*, Co™,
Ni** bang Na2$ khéng thuc hién duoc vi cac ion ndy cho két tua sunfua mau den
khong cho phép nhan ra két tia CdS mau vang. Dé che cac ion nay ngudi ta ding
KCN, vi chat che nay tao ra cac phitc bén Cu(CN),*, Co(CN),>; Ni(CN),* khong
phan g v6i Na,S, trong khi d6 phic Cd(CN),* kém bén, Cd*" phan ung véi
Na,S.
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CAU HOI - BAI TAP CHUONG 3

3.1. M6 ta cic qua trinh xay ra trong dung dich nudc cia cic chit sau day:
[Ag(NH3)2]C1, [CU(NH3)4]SO4, Kz[HgI4], FCF3.

3.2. Nho rat chdm dung dich NH; vao dung dich CuSOy thi méi dau co két tua
xanh lam xuét hién, sau d6 két tua tan va dung dich tao thanh c6 mau xanh da troi.
Néu thém tiép timg giot HCI lodng vao dung dich thi mau xanh da troi bién mat,
dung dich hoi duc rdi trong sudt va c6 mau xanh nhat, giai thich hién tuong. Viét
cac phuong trinh phan g ion.

3.3. Nho HCl véao dung dich AgNO; dugc két tia trang, thém dan NH; vao hdn
hop thi két tia tan. Thém cham timg giot HNO5 vao hdn hop thu dugc thi lai c6 két
tua tréng xuat hién. Giai thich hién tuong, viét cac phuong trinh phan ing ion.

3.4. Tinh ndng d6 can bang trong dung dich Pb*" 0,1 M va CH;COO™ lam & pH
=20, BPbCH3C00+ =0,56.

3.5. Tinh ndng d6 CH, dé lam giam ndng d6 Ag(NH;)," 0,1M xudng con 1,0
10° M, BAg(NH;)" = 10>,

3.6. Thém 1ml dung dich NH,SCN 0,10M vao 1ml dung dich Fe’ 0,0lM va F’
1,00M. C6 mau dé ciia phirc xuat hién hay khong ? Biét rang mau chi xuat hién khi
CFeCN** > 7.10°M va dung dich duoc axit hoa vira du dé su tao phirc Hidroxo cua
Fe(I1I) khong xay ra. Cho CFe’" (= 0,0 1) <Cg (= 1).

3.1. Hang s6 bén téng cong cua cac phirc tao béi ion Hg*" va ion B, 1an luot 1a:
Bii = 10"%, B, = 10", B3 = 10" va B,4 = 10*"". Tinh cac hing s bén va
khong bén timg nic cta cac phirc do.

3.8. Tinh ndng d6 can bang cua cc ion va phan tir trong dung dich Cd(ClOy),
10°M va KI 1 M. Trong dung dich c6 dit HC104 dé Cd** khong tao phirc dugc véi
OH ma chi tao phirc véi I'; cac phirc ¢6 hiang sé bén tong cong lan luot 1a 10>,
10392 105% 10511

3.9. Tinh ndng do cin bang cua cac ion trong dung dich gém bac nitrat 10°M
va amoniac c6 ndng do can bang la:

a) 10°M va b) 10°M
Céc phirc cia Ag” va NH; c6 logarit hang sd bén ting nac 1a 3,32 va 3,92.

3.10. Tinh nng do can bang cua ion va phén tir trong dung dich HgCl, 10°M.
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Phirc ciia Hg”" va CI” ¢6 logarit hing sd bén tong cong 13 6,74 va 13,22.
3. 11. Tinh néng d can bang ciia ion Fe’" va FeY™ trong dung dich hén hop
Fe' 10”M va Na;H,Y 10°M ¢6 pH =2,0, B ,— = 107",

3.12. Can phai thém NH; vao dung dich AgNO; 10”M dén ndng do can bang
nao dé giam néng d6 Ag" tu do xudng 10°M. Phurc cua Ag” va NH’ ¢6 logant hiang
s6 bén téng cong 1an luot 1a 3,32 va 7,24.
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CHUONG 4
PHAN UNG KET TUA

4.1. PIEU KIEN TAO THANH CHAT KET TUA

Phan ung két tda 13 phan Gng héa hoc xay ra khi mot trong cic san pham tao
thanh 13 chét ran it tan. Chat ran it tan duoc goi la chat két tua.

4.1.1. Tich s6 tan (T)
Khi thém dung dich NaCl vao dung dich AgNO3, s& c6 can bang sau:

NaCl + AgNO, = AgCl { + NaNO,
Cl' + Ag" = AgCli

Qua trinh ding lai khi ¢6 su can bang giira qua trinh hoa tan va qué trinh két

taa:
KT(K)
Ag'+CI = AgCl
HT (V)
Theo dinh luat TDK thi:
V= kl[Ag+] [CI'] Spyc
. V,= k2SAgCl
Taco: V=V, hayk[Ag']1[Cr]. Spyuq = Ky Saga

=% - 4g jerj=K

!

V61 dung dich bao hoa K = const va dugc goi 1a tich s6 hoa tan, ky hiéu l1a T.
Vay T=[Ag'][Cl]

Theo hoat d9, ta co:

Apg- A = TAgCl

Tong quét cho qué trinh: mA™ + nB™ = A_B_{ thi

T, =a%..a%. (4.1)

Hoac coi hoat dong béng néng do thi:

Néu: T, , =[A"]"[B"]" (dung dich bdo hoa)

T, <[A™]"[B™] (dung dich qua bao hoa)
T, > [A™]"[B™]" (dung dich chura bao hoa).
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4.1.2. Do tan (S) ciia két tia, quan hé giira S va T.
Do tan (S) cua chat tan 1a ndng dd mol/l ciia chat dé trong dung dich bao hoa.

Gitra S va T c6 moi quan h¢:.

S = m+n}%’”d’7"" (42)

Vi du: Tinh TMg(OH), & 20°C, biét trong 100ml dung dich bdo hoa & nhiét do
nay co chira 0,84mg Mg(OH)s.

= 0841000 _, "0~ (mol/)
1000x100x58

Mg(OH),4 = Mg* + 20H'
TMg(OH)z = [Mgz+] [OH)?

[Mg*]=S=1,4.10*

[OH] =2S=2.1,4.10"

T o, = 1,4.10%(2,8.10)2 =1,1.107"

4.2. CAC YEU TO ANH HUONG PEN DO TAN

4.2.1. Anh huéng cia ion chung

Ion chung 13 ion c6 trong thanh phan cua két tia. Néu thém ion chung vao dung
dich bdo hoa, tich s6 ndng do ion s& ting 1én, dung dich trd nén qua bdo hoa va s&
xuét hién két ta, tic 1a d6 tan gidam di.

Vi du I: Tinh SPbSO, trong nudc nguyén chéat va trong dung dich Na,SO,
10”M, cho TPbSO, = 1,6.10".
Goi d¢ tan cua PbSO, trong nudc nguyén chit 1a S.
PbSO,l = Pb* + SO
S S S

Theo cong thirc tinh d¢ tan ta co:

S= /T,,,,SO‘ =1,6.10% =1,26.10™* mol/l

D¢ tan cia PbSO, trong dung dich Na,SO, 107M.
Na,SO, — 2Na"2+ N
10—2 2.107 10—2

PbSO, = Pb* +SO}"
S S s

Y[s0F]=107+s5
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Touso, =[ P ][ SO} |=S(S+107)
Gia sir: S << 10 ta c6 T, =5.107 =1,6.10""
— S =16.10° mol/l két qua nay cho thay gia thiét trén 1a ding. Vay do tan cta
PbSO, trong dung dich Na,SO, 1a 1,6.10'6 va théiy rﬁng do tan cua nd nhd hon trong

H,O rét nhidu, cu thé t6i 112_6611(?7 ~100 l4n.

Vi du 2: Tich sb tan ctia CaC204 ¢ 20°C bang 2.10”. Hay so sanh d6 tan cta
no trong H,O va trong dung dich (NH4)2 C204 0,1 M.

Goi d¢ tan cia CaC,0, trong nudc nguyén chét 1a S, theo can bang.
Ta co:

CaC,0, ¥ = Ca** +C,0}F
s s s

Theo cong thuc:
S= T, = J2.10° =4,5.10%(mol /1) > S = 4,5.10°°

- B tan cua CaC,0, trong dung dich (NH4)2 C204 0,1 M
(NH,),C,0, - 2NH; +C,00"

10~} 21071 107!
CaC,0, ¥= Ca®* +C,0}
S S S

Goi dg tan cua CaC,0, trong dung dich (NHy), C,0,4 0,I1M 1a S thi:
[Ca*]=S va [C,0] ]=5+10"
Gia sir: S << 0,1 thi [C,07 | =0,1
Trwco, =[Ca® |[C,077] =8.0,1 =2,10° - $=2.10°

Vay d6 tan ctia nd so véi trong nudc nguyén chat nho hon:

4,5.107 .
2= —=2,2.10° (lan
2.107° (1an)

4.2.2. Anh hwéng ciia ion H'(pH) va chit tao phirc dén dd tan ciia két taa, tich
s0 tan diéu kién

Do tan cua két tua s& ting 1én néu cac ion két tiia c6 tham gia phan Gng phu véi
cac chat la c6 mat trong dung dich. Pé phan anh dugc cac anh hudng cila cac phan
{mg phu, nguoi ta dung tich s6 tan diéu kién.
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Chang han két tia A,,B, trong dung dich c6 ion H+ c6 kha ning phan tmg véi
B va c¢6 chat tao phirc L c6 kha ning tao phirc v6i A, trong dung dich c6 cac ion
biang:

A B l=m4" +nB™

A tao phurc voi L:
A+L = AL B, = [7/1[%]]
AL+ L= AL ﬂ2=[/[4ﬁd]
AL + L= AL i3 =[/£Z[]”[]L]
- B phédn tng phu véi H'
B+H' = HB K,=[B[]f[1;1]+]

HB+H'=H,B... K =[_HB]_[Hj

K, K, 1a hang s6 khong bén ctia phirc HB, H,B ciing 14 hang s phan li cua axit
HB va H,B.

-Néu goi S 1a do tan cua két tua thi:
[A'7=mS=[A] + [AL] + [AL,] + [AL,]
[B'] = nS = [B] + [HB] + [H,B]
Tir cac hing s6 K 1, K, ta tinh duwoc [HB], [H,B].... theo [B] va [H'] Ta co:

[A]=[A]+B,[A] [L] + B,B[AILT + B,B,B;[AIL]
[A’] = [A] x (1+B,[L1 + B,B,[LI2 + B,8,8,[L1")

Goi dai lugng nay la o,
[A’] = [A]aA(L)

Va [B']=[B]+|:H;(][B]+[HI;]K[B]

ol LT
[B]—[B][H R

~
XB(H)

Neu7T,, =[4][BT] =[4] a:(L)'[B]” Xyt =[4]" [B] @0y @am)
=T utm ‘a:,[l,]‘a;[i-l] (4.4)
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Vi du: Tinh d6 tan cua CaF, trong dung dich HCI 10°M cho Ky = 6.107 va
TCaF, (trong nuéc) = 4.10™"".

2+ . 4.10™" 36
CaF, = Ca**+2F ;> S=3——=10"
S S 28 4

Vi Ca*" khong tham gia phan Gmg phu véi F nén [Ca*"] =S.

Trong nudc:

Con F” tham gia phan tng phy: H + F' = HF
Rt
KHF_W_6.104
Y 1 L llE ]
Do d6 [F]=[F]+ [HF] =[F]+ = o

= [F] [1+[£]-}

K

-2
=28[1+ 22 — |=2.107%.16=3,2.10¢
6.10

.

T, =[Ca* J[F T =1075(3,210¢) = 7.10”

]
Dodé S= ,s/”f =5,5.10" (mol /1)

4.2.3. Anh huéng ciia chit tao phirc phu

Céc chat tao phirc phu c6 mit trong dung dich ¢ thé 1am han ché hodc ngin
can qua trinh két tia do su tao phuc voi kim loai: Tinh chat nay duoc dung dé che
cac ion can trd.

Vi du Khi lam két tia Cd*" bang H,S c¢6 mit cua ion Cu®" thi ion Cu®’ s& can
tr¢ qua trinh két tha CdS do su tao thanh két tia CuS mau den. Dé "che" ion Cu*’
nguoi ta cho KCN du vao dung dich. O day xay ra cac qua trinh sau:

KCN— K*+CN-

2Cu* +2CN™ = 2Cu* +(CN"), )
Cu* +4CN™ = Cu(CN)} Ig B, =30,29 (2)
Cd* +4CN~ = Cd(CN). Ig B, =18,85 (3)

Phitc Cu(CN),> bén hon rat nhiéu so véi phitc Cd(CN),> nén khi cho H,S 16i
qua dung dich thi chi ¢6 két tua CdS duoc tao thanh.
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CAd(CN)* +H,S = CdS{ +2CN"+2HCN (K,) (4)
Ki= (10" Ko Ko K2 T3 = 1003897107572 (105 ) 10%! =104

K, khé 16n, phan tng (4) xay ra dé dang. Trong khi d6 phan ung két tia Cu,S
xay ra kho khan:

2Cu(CN), +H,S = Cu,S L +2HCN +6CN”~  (K,) (5)
Ky = BK, Ky Ko T) = (10°2)7 107721074, (105 ) =107

Qua vi du trén ta thdy qué trinh két tia phu thudc vao nhiéu yéu t6: hang sé bén
cua phuc tao thanh gitra ion kim loai va chét tao phuc, tich s6 tan cua két taa, tinh
chat axit - bazo ciia thudc thir 1am két tiia va cua chét tao phic. Khi tinh toan gan
dung co thé ap dung dinh luat tac dung khéi luvong cho cin bang chil yéu hoic tinh
theo hing s6 diéu kién.

Vi du 2: Tron 1,00ml hon hop dém (A) gém NH; 2,0M + NH4NO; 2,0M véi
100ml dung dich B gom FeCl; 2,0.10°M + NaF 0,20M. C6 két tia Fe(OH); hay
khong? Cho T

sFe(OH); — 107
Sau khi tron ta co:
CNH, =C~u: =1,0M
-3 . -
C,. =1,0.10° M;C, =0,10M
Céc qua trinh x4y ra:

Trong dung dich B, Fe’* ton tai chu yéu duéi dang phuc Floro (CF >> CFe’™).

Fe** +F~ = FeF* 1gf,,=58 )
Fe* +2F = FeFy 1gp,=9,3 )
Fe* +3F = FeF, lgf,=12,6 3)
Trong dung dich A:
NH,+H,0 = NH} +OH" 4)
C.. =1.107 =[Fe3*](1+ﬂ, [F]+8, [F']2 + B, [F']’)coi [F]~ Ce=0,10 ta it ra:
1.10° =
Fe* |~ =8,6.107" 5
[ ] 1+10*%10" +10°.107 +1024.10” )

Tir cAn bang (4) ta co:
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NH,+H,0<= NH; +OH K, =107

C 1 1 0
AC -X +x +x
[] 1-x l+x «x
. [NH; J[OH ] x+x) 14
[NH3] 1-x

Giastr x<<1 - x=[OH ]=10""

Ta c6: Cpo Coyy. #8,6.10™(1077) =107 > T, =107 =T,

~ " S(Fe(0H),)
Vay van c6 két tia Fe(OH);
4.2.4. Anh huéng ciia nhiét do.

Vi qua trinh hoa tan thu hodc toéa nhiét, n6 anh hudng khong cé qui luat nén
khong c6 nhitng biéu thirc dinh luong chung. Su thay doi do tan mot chat theo
nhiét d6 c6 lién quan t&i hidu tmg nhiét khi hoa tan. P6i v6i nhiing chét thu nhiét
khi hoa tan thi d6 tan sé& ting theo nhiét d9, thi du Pbl, tan nhiéu khi dun nong. Do
tan ctia AgCl & 100°C 16n gép 25 1an d6 tan ctia n6 ¢ 10°C. Ddi véi nhitng chét toa
nhiét thi nguoc lai, d tan gidm khi nhiét 46 tang. Thi du CaS0O,4.0,5H,0 & 60°C co
d6 tan 16n gap 3 1an do tan cua nd ¢ 100°C.

4.2.5. Anh hwéng cia kich thuéc hat két tia.

Dbi v6i ciing mot luong chat két tia co dang hat nho tan nhidu hon két tia co
dang hat 16n vi bé mat cua cac tinh thé nho c6 cac gbc, canh, cic ion ¢ vi tri goc,
canh dé tan hon nhitng vi tri khac vi cc ion & vi tri bén trong bi giit chit hon.

Ngoai cac yéu t6 ké trén, con cd yéu td khac nhu qua trinh sap xép tinh thé tir
dang nay sang dang khac bén hon.
4.3. KET TUA PHAN POAN.

Néu trong dung dich c6 chira hai hay nhiéu con c6 kha ning tao duoc két tia
cung vé1 mot con khac, nhung cac két tua hinh thanh c6 do tan khac nhau thi khi
thém chat lam két tia vao dung dich cac két tia lan luot dugc tao thanh. D6 13 su
két tua phan doan.

bé don gian cho viéc tinh toan, & cac vi du sau ta bd qua so 1€ thap phan cua
cac dai lugng tich so tan.

Vi du 1: Cac ion CI', I déu c6 kha ning tao két tia v6i ion Ag’, nhung c6 tich
sd tan khac nhau.

Ta co:
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T = [Ag ][ ] 107 (@)
Ty =[ 4g" ][CI7]=107"° (b)

Khi thém AgNO; vao dung dich hon hop g6m Cl' va I, vi Tpag << Tagci nén
dau tién Agl két tiia va khi AgCl bat dau két taa, hai phan tne xay ra trong cling
mot dung dich nén tir hai biéu thirc (a) va (b) ta co: __I_l -10* — khi trong dung

cr

dich xuat hién ca hai két tua Agl va AgCl thi [I']= 10" [CI].
Néu moi c6 Agl két tia con AgCl chua két tua thi:

[AgT)[I]=10"
[Ag*][CI < 107

Khidétysé L] <10 c6nghiala [I< 10°[CI7] thi AgO chua két tisa.

[cr]”

Gia sir ndong do ban dau cua CI(Ccr) gip 100 1an ndng do ban dau cua I-(Cr)
vi AgCl bat dau két tua khi [I'] = 10°[CI'] lac d6 % [I'] con lai trong dung dich la:

i
[ ] x100.
-]

([I'] 12 ndng @6 con lai khi CI” bat dau két taa va Cr 1a ndng do ban dau cia no).

Vi [I]=10°[Cl]va C = 107 [CI].

. 1ofer]
n: —+=——=x100=0,01%
107 CI ]

Nhu vay, trong diéu kién nay khi AgCl bat dau két tiia thi c6 thé coi I' da di vao
két tia hét (chi con 0,01%). RS rang c6 thé két tia lan lugt cac ion I' va O bang
Ag’.

Vi du 2: Tinh ndng d6 16n CI” con lai trong dung dich khi thém AgNO’ vao
dung dich hdn hop gém 102 mol/l1 Cl'va 102 mol/l Crs”, cho Tagcl = 107,
TAg,Cro,= 1072

T =[4g"][CI"] =107
T o0, = 48° | [CrOF]=107"
Khi thém AgNOs vao dung dich hdn hop, Ag,CrO, bat d4u két taa thi:

[Cl' ]2 B 1072

[cror] 107 =107
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Tuc 1a tir khi d6 néng d6 Cl- trong dung dich nho hon hang van lan ndng do
Cr)s”
Theo cac dit liéu ctia bai toan khi Ag,CrO, bit dau két tua thi:
[CIP=10%[CrO>]1=10%10%2=10"
[CI]=10°
Va % CI con lai trong dung dich la:

cr 5
u,loo=m__2.100= 0,1%
c 10

(o
Ciing c6 thé coi khi Ag,CrO, bat dau két tua thi CI” da di hét vao két tua AgClL.
4.4. KET TUA KEO

C6 nhiéu truong hop tich sé con da vurgt qua tich sd tan nhung két tia tao thanh
van khong tach ra duoc ma chi hinh thanh nhimg hat rat nhé lo ling trong dung
moi, dung dich do6 goi 1a dung dich keo.

Nguyén nhan c6 két tua trong trang thai keo 13 do cac hat két tia hip phu cac
hat mang di¢n nén nd mang dién tich. Chéng han, thém Nita vao dung dich
AgNOs3, khi d6 trong dung dich hinh thanh keo AgCl.

AgNO, + NaCl = AgCI{ + NaNO,

Luc d6 s& c6 hai kha ning hap phu xay ra tuy thudc vao luong du Ag™ hay CI
— AgCl

Khi du Ag" thi va du CI
. - T
s - +
Agal|l T T o - AgCll T L+ T+
':E S e
Ag I Ag'

Pé lam dong tu keo nay ta phai thém vao dung dich chat dién li manh khac c6
n6ng do cao va co dién tich 16n.

Nhirng loai keo wa nudce nhu silic oxit (SIO,) thuong c6 khuynh hudng tao nén
dung dich keo rat bén vi céc hat keo dugc bao boc boi 16p dung moi. Mudn cho
keo dong ty trong trudng hop nay phai pha bo duoc 16p vo dung méi thi chét dién
li m&i xAm nhap duoc dé trung hoa dién tich cac hat keo. Pé pha keo silic ta phai
axit hoa bang dung dich axit clohydric va phai dun can kho, doi khi phai dét nong
t6i nhiét d6 trén 100°C thi 16p nude boc hat keo méi bi pha va.
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Khi loc cac két tua keo gdp rat nhiéu kho khin vi cac hat keo thudng nhé nén
phai dung loai gidy loc min, rat kho chay. Khi rira két tua keo, chat dién 1i dimg
lam dong tu keo bi loai bét mot phén, két taa c6 thé tro lai trang thai keo hién
tugng ndy goi 13 su tai keo hay péptin hoa. Vi vay khi rira két tia keo phai chon
chét dién li thich hop dé tranh sy tai keo.

4.5. SUHOA TAN CAC KET TUA KHO TAN TRONG NUOC.

Qua trinh hoa tan xdy ra ngugc véi qua trinh tao két tiia, muodn c6 qua trinh hoa
tan x4y ra can lam gidm tich s0 con cua chat it tan xuong dai luong bé hon tich so6
tan cua hop chat bang cac bién phap sau:

- Hoa tan két tua trong axit hodc kiém.
- Chuyén két tiia sang phire chét bén it phan Ii.
- Chuyén ion cua chét it tan sang dang oxi hoa khur.

- Chuyén hop chét it tan nay sang hop chat it tan khac c6 kha ning tan dé trong
thudc thir thich hop.

4.5.1. Hoa tan két tiia trong axit va kiém
4.5.1.1. Hoa tan cdc hydroxit

a. Cac hydroxit kim loai tan trong cac axit tao thanh mudi tan va nudc it phan
li. D6 tan phu thudc tich s tan ciia hydroxit va hang s6 phan li cua axit.

Vi du 1: Mg(OH), (pTs = 10,9) tan d& trong ca cac axit rat yéu (NH," c¢6 DKa
=9.24).

Mg(OH), + 2NH: <= Mg* + 2NH,+ 2H,0 K=10"

Nhung Fe(OH); (Ts= 1077) chi tan trong it manh, khong tan trong cac axit yéu
nhu NH,".

Fe(OH), + 3NH: <= Fe* + 3NH, + 3H,0 K=10%

b. Céc hydroxit luong linh (AI(OH);; Cr(OH);; Zn(OH),; Pb(OH),)... tan trong
axit va trong kiém du.

Al(OH); + OH = AIO;+ 2H,0
Al(OH), + 3H* = AI’** + 3H,0

4.5.1.2. Hoa tan cic mudi
Cac mudi cua cac axit yéu tan trong axit manh hon dé tao thanh axit it phan li.

a. Cac mudi cacbonat tan trong axit (ké ca axit axetic, H,COs).
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Vi du 2: Danh gia do tan cua CaCO; trong axit axetic.

CaCO, y= Ca® +COF lgT, =-8,3
CH,COOH=: CH,COO™ +H" lgK, =—4,76

H* +CO} = HCO; lgK,, =-10,33

HCO; +H* = H,0+CO, gk, =-6,35

CaCO, { +2CH,COOH = Ca* +2CH,CO0™ +H,0 +CO, IgK, =-114 (1)
Khi néng do CO, vuot qua do tan thi CO, bay ra khoi dung dich. Luc do:
CaCO, +2CH,COOH = Ca® +2CH,CO0™ + H,0+CO, lgK =-1,14 )

co,=co," lgK, =1,48

CaCO, { +2CH,COOH = Ca** +2CH,COO0™ + H,0+CO, T1gK, =0,34 ()

Hing sb can bang cta cac qué trinh (1) va (2) twong ddi 16n K; = 0,072; Ky, =
2,19 cho phép du doan kha ning tan dé ciia CaCO; trong axit axetic nhat 1a khi dun
nong (dudi CO,). Mit khac CaCO; ciing dé& tan trong dung dich bdo hoa khi CO,.

Vi du 3: DPanh gid d¢ tan cua CaCO; trong dung dich dugc bao hoa lién tuc
bang khi CO, & P =1 at.

CaCO, v==>Ca™ +COF  1gT, =-8,3 )
co, T=Co, lgK; =-1,48 (2)
CO,+H,0= HCO; +H* 1gK, =-6,35 3)
COF + H* = HCO; lgK,,=10,33 (4)

CaCO, ¥ +CO, T +H,0 = 2HCO; +Ca* 1gK=-58 (5)

Coi cén bang (5) 1a chu yéu, nghia 1a ndong do Ca>" tao ra tir can bang (5) 1on
hon rat nhiéu néng do Ca®>" do qua trinh (1) sinh ra. V& ndong d6 HCO; ciing 16n
hon ndng @6 HC O;” sinh ra do (3). Tir d6 ¢6 thé tinh d tan theo (5).

CaCO, { +CO, T+ H,0 = 2HCO; + Ca® K =107*
lat 2x X -~

x(zlx)2 —107%8
4 =10 -5 x=17,3.103
—[Ca™]=x=7,310"M;[ HCO; | =1,46.10

Tix (1) —>[CO§"]=%C02*]=7,10'7 «<[ca]

Nhu vay c6 thé coi ndng d6 [Ca>*] chi yéu do (5) tao ra.

Ciing vay, tir (2) va (3).
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Cco,T+H,0= HCO; +H’ lgK =-7,83
lat 1,46.1072
Suyray = [H] = 1078, !

e qgT = bl

[H'] << [HCO;] do @6 c6 thé coi ndng d6 1é6n HCO;” sinh ra do (5) 1a chu yéu.
Vay c6 thé chip nhdn cach tinh gin dung & trén. PO tan ctia CaCO; trong dung
dich bdo hoa CO, 14 7,3.107, trong khi d6 do tan CaCOs trong nudc 1a 7.10° M.

b. Cac oxalat c6 kha ndng tan trong cac axit manh, nhung khé tan trong axit
yéu. Chang han CaC,0, kho tan trong axit axetic yéu hon nhiéu so véi axit oxalic
(pKl = 13255 pK2 = 4327)

Vidu 4:

CaC,0,| + HAc = Ca® + Ac + HC,0;  lgK =-9,24

Do tan cua CaC,0, trong HAC 1M vao khoang 8,3.10" M (HAc la

CH;COOH).

c. Cac Cromat cling tuong tu cac oxalat, tan dugc trong axit manh, nhung kho
tan trong axit axetic (K,(HAc) ~ Ka(HCrOy))

Vidu 3:
2.1  BaCrO,4 = Ba® +CrO} lgT, =-,93
2.1  HAc = H' +Ac” lgK,=-4,76
2CrOF +2H* = Cr0F + H,0 lg K =14,36
2BaCrO, { +2HAc = Ba™ +24c™ +Cr,0} + H,0 lgK =-15

d. Céc sunfua c6 tich s6 tan khac nhau nén do tan trong cac axit cling rat khac
nhau:

MS{+2H' =M™ + H,S
K=T, (Km K, )—I

Bang sau cho gia trj hiang s6 K cta phan tng hoa tan mot sé sunfua trong axit.

Sunfua pTs 1gK Kha nang tan trong axit
MnS 9,6 10,32 Tan dé trong axit, ké ca HAc
FeS 17,2 2,72 Tan dé trong HCI
NiSa 18,5 1,42 Tan dé trong HCI
CoSa 20,4 -0,48 Tan dé trong HCI
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CdS 26, 1 9, 18 Tan dé trong HC1> 1M
CuS 35,2 -15,28 Kho tan trong HCI1
HgS 51,8 -31,88 Kh¢ tan trong HCI

Loi dung tinh tan khac nhau trong cac axit ma ta c6 thé thiét 1ap céac di€u kién
dé tach cac mudi sunfua.

Vi du 5: Thiét 1ap nong d6 HCI dé tach CdS va CuS.
Phan tng hoa tan CdS trong HCI.

CdS{ +2H* +2ClI' = CdCl, + H,0
Cho: K = Ty(K,,, K, " 8, = 10%1.10"92.10>% = 107

Pé hoa tan hoan toan vi du 0,10 mal CdS can thiét lap néng do HC1 béng bao

nhiéu?
Cds!{ + 2H* + 2 = CdCl, + H,S K=10%
C C C C
[] C-0,02 C-0,02 0,01 0,01

. [H,S][cdcr,]  (0,01)

[Hcl]  (C-0,02)

=37

Giai ra ta dugc C = 0,73M
Trong diéu kién nay CuS khong tan. Vi du trong HCI 2M thi:

CuS! +2H*+ 2Cr = CuCl, +H,S K= 1019
C 2 2
[] 2-x) 2-x) X X

Tuong ty trén ta co:

2
X

(2-x)
Nhu vay dé tach CdS khoi CuS chi can thiét 1ap nong do axit HCI khoang 1 -
2M

=107 5 x=7,1.10°M

4.5.2. Hoa tan két tiia trong cac thuoc thir tao phirc

Trong truong hop ion ctua két tua tao duoc phtic bén v6i mot thude thir, thi co
thé dung thudc thir nay dé hoa tan két tua cua ion d6. Do tan phu thudc tich s6 tan
ctia két tiia, hang s6 bén cua phirc tao thanh, pH cua dung dich, nong do thudc
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thur...

Vi dy, mot s ion tao duogc phirc bén véi NH3 do d6 co thé ding NH3 dé hoa
tan két tia hydroxit ciia nhiéu ion kim loai: Cu(OH),, Zn(OH),, Ag,0, Cd(OH)s.
Mot s6 mubi cua cac kim loai ndy ciing tan duoc trong NHs, vi du AgCl tan dé
dang trong NHj:

AgCll +2 NH; = Ag(NH,)*, + CI 1gK =-2,24
Tuy vay Agl, Ag,S, CuS, Zns, CdS c6 tich sb tan qua bé nén khong thé tan
trong NHj:
Agl +2NH; = Ag(NH;)," + T IgK = - 8,76
Ciing vy, HgS khong tan trong HCI bai vi tich s tan ctia HgS quéa bé, mic
dau Hg*" tao phirc bén véi ion CI:
HgS! + 2H* + 4C1" = HgCl? + H,S 1gK =-16,9
Viéc dénh gia gan dang theo can bang trén cho thiy do tan cia HgS trong HCI

1 M vao ¢& S =~ 3,3.10°M. Do tan nay rat bé mic dau 16n gép nhiéu 1an so véi do
tan ciia HgS trong nude (= 102°M).
4.5.3. Hoa tan két tiia trong thudc thir oxi ho4 - khir

Néu ion cta két taa c6 tinh oxy hoa thi c6 thé sir dung phan tng oxy hoa khtr
dé hoa tan két tia béng mét thude thtr thich hop. Do tan phu thudc tich s6 tan cua
két tua va bang hing sb cin bang cua phan tng oxy hoa khir. Vi du cac két tua
sunfua kim loai c6 kha nang tan trong HNOs:

3, MS{ = M*+$* (Ts)
HNO, - H*+NO;

3, 2H* + S =H,S K. Ko)!

3, H,S =S +2H'+2 (K;)

2, NO; +4H"+3e & NO +2 H,0 K)
3MS | +8H"+2NO; =2 3M* +3S 4 +2NO+4H,0  (K)
K=T3 (K, .K,)K,*K;?
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d dﬁy: Kz = 1(2Li00 . Klzloah."/o,ow
Es=E?, = 0,14V

EC=E° =096V

NO; 1 NO
Thay cac dai lugng nay vao biéu thirc tinh K ta co:
K=10" T}
DPbivsi CuS, Ts =107 1gK = 37,4
HgS, Ts = 10°"%; 1gK = - 12,4
Do d6 ta thdy CuS tan dé dang trong HNO;
Con HgS tan rat kho trong HNO;
Ngoai HNO; ¢6 thé diung H,O, (mdi trudng axit) (NH4),S,0s, PbOs.... dé hoa
tan cac két tia co tinh khir. Vi du: Hoa tan két tua trong HCI + H,0O,

CuSd = Cu*+§ (Ts)

§* +2H* & H,S (Kap, Koo)'
2(1,77-0,14)

H202 + st # S + 2H20 Ko =e D022
CuS ! +H,0, + 2H* = Cv** + S + 2H,0 K= 10%

Hoa tan két tia MnO(OH), trong PbO, + HNOj:
2, MnO(OH), + H,0 = MnO; + 4H* + 3e
3 PbO, + 4H* + 2e = Pb* + 2H,0
2MnO(OH), + 3 PbO, + 4H* = 2MnO; + 3Pb* + 4H,0

C6 thé dung mét s6 thude thir ¢6 tinh khir dé hoa tan cac két tua co tinh oxy
hoa: hoa tan MnO(OH),; CO(OH); trong HCly, trong H,O, (méi trudng axit)

2Co(OH);4 + H,0, + 4H* = 2Co™ + O, T+ 6 H,0

MnO (OH),{ + H,0, + 2H* & Mn* + 0,7 + 3 H,0

MnO (OH),{ + 2CI' + 4H* = Mn* + Cl, T+ 3 H,0

Trong mot s6 truong hop su hoa tan két tia 1a két qua phan tng o xi hoa khir va

su tao phuce. Vi du: co thé hoa tan HgS trong hon hop HNO; + HCI, ion S* bi oxi
hoa bai HNO; ddng thoi véi su tao phuc caa Hg*' véi CI:
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3HgS | +2NO; + 8H* =3Hg?** +3S {+2NOT+4H,0 K, =10 "**

Hg* +4ClI' = HgCl1> (B.) =(107)

3HgS + 2NO; +8H*+ 12CI'= 3 HgCl} +3S+2NOT +4H,0
K=10"24(10%2)? = 10724

Phan (g xay ra rat nhanh vi k rat 16n.

4.5.4. Hoa tan cac két tia khé tan bing cich chuyén chiing sang hop chit
khac dé tan trong thudc thir thich hop

Mot s6 két tha khé tan trong céc thude thir thong thuong, Vi du: BaSO4,
CaSOy, SrSO; rat kho tan trong céc axit. Co thé chuyén chung sang mubi Cacbonat
twong ung tan dé trong axit.

Néu tich sb tan cta mudi tao thanh bé hon tich s tan ciia hop chat can chuyén
hoa thi qua trinh chuyén hoé xay ra d& dang. Con néu nguoc lai sy chuyén hoé xay
ra kho khan hon.

Vi du 6: Tinh ndng d6 Na,CO; phai ldy dé 1 lit dung dich nay c6 thé chuyén
hoa hoan toan cac mudi sau:

a) 0.010 mol CaSO,
bi 0,0 10 mol BaSOy4

Dé chuyén hod mudi sunfat thanh cabonnat ngudi ta cho két tia sunfat tic dung
v&i mudi cacbonat tan, Vi du: Na,CO;

a) CaSO,! = Ca** +S0O T, = 10%°
Ca* + CO* = CaCO, ! T, = (103
CaSO, 4 +CO?¥ = CaCO; +SOZ K=10*>* (1)
C C
(] C-0,01 0,01
(c(i’g,lm) =10 - C=0,01M
b) BaSO,{ = Ba®+SO%* T, = 10°%
Ba** + CO = BaCO;d T,= 10%
BaSO,! +CO = BaCO,! +SO% K= 10" (2)
C C
[] C-0,01 0,010
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0,01

— =10 5 C=0,4TM
(C-0,010) ’

O trudng hop (1) chi can nong do Na,CO; 0,010M 1a du. Con & trudng hop (2)

thi can nong do Na,COs 16n gip 50 lan. Thuc té dé chuyén hoa duoc thi phai dung
Na,CO; bio hoa va chuyén nhiéu lan, mdi lan déu phai dun néng dung dich.
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CAU HOI VA BAI TAP CHUONG

4.4. Trong dung dich bao hoa ctua mudi AB,X; ¢6 can bﬁng:
AB,X; = A"+ 2B+ 3X

Nong d6 16n X trong dung dich bang 4,0.10° M

1. Tinh tich s tan cua két tia AB,X;

2. Tinh d¢ tan cia AB,Xj; trong dung dich BCl 5,0. 10°M

3. Tinh d9 tan ciia AB,X; trong dung dich AC11,0.10"*M

4.2. Hay cho biét anh hudng cta cac chit dén d6 tan S cua két tua trong cac
truong hop sau:

1. NH4Cl dén SMgNH,PO, 4. NaOH dén Spbso,
2. NH; trén SMg(OH), 5. NH; dén SAgCro,
3. H" dén Sag.cro,
Giai thich tai sao?

43. Tron 1,0ml K,CrO, 0,120M véi 2,0ml Ba(OH), 0,009M, c6 két tia
BaCrO, xuét hién hay khong, PT . pico,, = 9,93

4.4. Cho H,S 161 qua trung dich CuCl, 0,010M, FeCl; 0,010M va MnCl,
0,010M cho dén bio hoa bang 0,10M. C6 hién tuong gi xay ra? Cho pTs cla cac
chat: CuS(35,2), FeS (17,2); MnS (9,6); pKa cua (H,S): 7,02; 12,9 4.5. Tron 1,0 ml
HCI 0,30M vé6i 1,0ml Pb(NO;3), 0,01M . Cé két taa PbCl, tach ra khong?
Cho T=1,6. 107,

4.6. Tinh d6 tan cua Agl trong:
a) Dung dich KNO3 10°M

b) Dung dich Ba(NO3),M

¢) Dung dich AI(NO;); 10°M

Do tan ciia Agl trong cac dung dich d6 ting bao nhiéu 1an so v6i do tan ciia né
trong nudc tinh khiét.

Tich sd tan cua Agl 6 20°C 14 8,3.107".

4.7. Tinh @6 tan cua CaC,0, trong dung dich (NH4),C,04 5.10>M va so sanh
v6i do tan ciia nd trong nudc. Tich sé tan cua két tia nay 14 1,38.10°M
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4.8. Nguoi ta dung 20ml dung dich NH,NO; dé rira két tia MgNH,PO,. Hay
tinh ndong d6 dung dich NH;NOs theo phan tram khdi lwong dé khi rira khong mat
qua 0,01mgMgO. T =2,5.10".

MgNH, PO,
4.9. Tinh ndng d6 ion H" it nhat can phai c6 trong dung dich CaCl, 0,02M va
K>C,0, 0,1 M dé CaC,0, khong két tua.

Néu dung dich gdm CaCl, 2.10”M, HCI 10°M va K,C,04 10”M thi CaC,0, c6
két tna duoc khong?
TCaCZ 0, =1,78.10-9, H20204 C6 pKl= 1,25, pK2= 4,27
4.10. Tinh d6 tan cua cac sunphua sau: Ag,S, Cu,S, PbS va HgS trong nudc, co
ké dén tuong tac cta ion cua két tia véi cac ion cua H,O.
The,s= 10%, Tow,s=2.5. 10%; Tpy= 6,8.10%
THgS = 10-52 ) H2S Cé pK]= 7 Vé\l pKZ = 14.
4.11. Mg(OH), c6 két tua dugc khong khi thém 1ml dung dich MgO, 1 M vao

100ml dung dich NH; + NH,CI (1 M); Mg(OH), ¢6 T = 107 va NH; ¢6 pK, =
4,75.

4.12. Nong do can bang cua NH; trong 100ml dung dich chia 10°M két tia
AgO phai 1a bao nhiéu dé hoa tan hoan toan lugng két taa do, Tagct = 1,1.10°, cac
phirc Ag(NH;)", Ag(NH;)," ¢6 By = 10>, B, = 10",

4.13. Thém dung dich Ag” 0,1 M vao dung dich hon hop CI' 0,1 M, Br 0,1 M
thi ion nao két ta truéc va khi ion thir hai bat ddu két tia thi con thi nhat c6 nong
d6 can bang 1a bao nhiéu ? AgCl va AgBr ¢6 tich s6 tan 1an luot 1a 10%7 va 107+

4.14. Thém dung dich Ag” vao dung dich hdn hop CI(10"'m)va Cr,* (10°M)

Tinh ndng d6 cin bang cua ion CI” khi két tua do ndu Ag,CrO, bat dau xuat
hién. Tager= 10”7, TAg,Cro, = 107,
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CHUONG 5
PHAN UNG OXY HOA - KHU

5.1. KHAI NIEM VE PHAN UNG OXY HOA KHU
5.1.1. Dinh nghia

5.1.1.1. Phén irng oxy hod khir 13 phan tng trong d6 c6 su thay d6i mirc oxi hod,
chat oxi hoa nhan electron va mirc oxi hoa giam, chat khu nhuong electron va murc
oxi hoa tang.

C6 thé dinh nghia theo nhiéu cach khéc.

5.1.1.2. Chit khir 13 chét cho electron sb oxi hoa ting, hoa tri ting, con chat oxi
hoa 14 chét nhan electron va sb oxy hoa giam.

5.1.1.3. Quad trinh khwr 1a sy nhan eletron qua trinh oxi hod 1a sy nhuong electron.
Vi du: 2Fe + 30, =2 FeCl;
- Chat khir: Fe
- Chét oxi hoé: Cl
- Su khir Fe: Cl’+1e=CI
- Su ox1 hoa CI": Fe - 3e = Fe’"
5.1.2. Can bang phan ng oxi hoa khir (Theo phuong phap thiang bang e).

5.1.2.1. Nguyén tic: Tong electron ma chat khir nhuong di bang tong electron
ma chat oxi hoa thu vao.

5.1.2.2. Cac budc:
a. Xac dinh chat oxi hod, chat khir.
b. Thanh lap phwong trinh electron

c. Can bang phwong trinh electron (Tim BSCNN ciia tong thu va tong nhwong
roi tim hé sédécdan bang).

d. Hoan thién phuong trinh phan ung.

Vi du:
As,S; +  HNO; 5, — > H;AsO, + H,SO, +NO
(Khtr) (oxy hod)
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Budc 1: Chat khtr 1a As,S;; Chat oxy hoa 1a HNO;
Budc 2 va 3: thanh 1ap phuong trinh electron va can bang:

2As* - 2.2e = 2As™*
3S8* -3.8e =3.8%

N3* + 3e = N* + 3e
6As> + 9S* + 28N = 6As™* + 9S%* + 28N*

-28e

84

Budc 4: hoan thién phuong trinh phan Gng:
3As,S; + 28HNO, + 4H,0 = 6H;AsO, + 9H,SO, + 28NO

5.2. THE OXI HOA KHU - CHIEU CUA PHAN UNG OXI HOA KHU
5.2.1. Thé oxi hoa khir - Phwong trinh Nernst
Pé don gian ta xét cap oxi hoa khir lién hop.
Ox + ne =Kh (5.1)

Theo nguyén 1y II nhiét dong hoc, néu AG < 0 thi phan tng xdy ra theo chiéu
thuan, AG > 0 — phan (g xay ra theo chiéu nghich va AG = 0, phan ing dat trang
thai can bang. Néu AG cang am, phan tmg cang xay ra theo chiéu thuan va kha
ning oxy hod cua chat oxi hoa cang 16n khi thé khir ctia cip cang 16n. Thé dang
nhiét dang ap ctia phan tng dugc tinh theo cong thirc:

AG = AG® + RTInK (5.2)
(K 12 hang s6 can bang cta phan tng (5.1))
O trang thai can bang, AG = 0, nghia 1a:
AG=AG" + RTInK =0

Mit khac: AG® = -A' (A' 1a cong hitu ich chuyén n moi electron trong dién
truong c6 hiéu sd dién thé AE, ma A' = -nFAE va dé don gian ta dit AE = E. Vé
mat nhiét dong hoc E dac trung cho TTCB cua phan tng khir Ox + ne = Kh nén n6
dugc goi la thé khtr. V& mat hoa hoc dic trung cho do manh yéu cua cap Oxh/kh
nén goi 1a thé oxi hoa khir. Con vé dién hoa hoc né chi ra thé dién cuc cta cip dién
cuc tao nén nguyén td ganvanic nén dugc goi la thé dién cuc.

Dod6 AG=A'=-nFE = AG’+ RTInK (5.3

Chia ca 2 vé cho - nF, ta co:
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AG° RT

E=.AG° RT
nF nF
=Rl kg ——m [KA] _ E”+RTI lox] (5.4)
nF [0X] [Kn]

O diéu kién tiéu chuan, T = 25°C + 273 = 298°, F: 96.500C. Pong thoi chuyén
InK =2,3.1gK; R = 8,314 J/mol.K

E= po 4+ %059 0,059, [ox] (5.5)
(K]
D6 1a phuong trinh Nernst tinh thé oxi hoa ctia cap oxi hoa khir lién hop.

E° duoc goi 1a thé oxi hoa khir tiéu chuan cta cip oxi hoa khir lién hop duoc do
& diéu kién chuan va nong d¢ dang oxi hoa bang nong d6 dang khir = 1mol/l

Ap dyng (5.5) cho 3 truong hop sau:
*Me™ +ne =Me®° I -E =E’, . +0,059/n 1g [Me™]
* MnO; +8H"* +5e¢ = Mn** +4H,0

MnO,
o

* BrO; +6e+3H,0 =Br + 6 OH

0, 059 [Bro; |

“Tor o T

- E=E°Br0 3 /Br +

5.2.2. Chiéu ciia phan ng oxi hoa khir
Pé xét chiéu ciia phan ng oxi hoa kht, ta dwa vao thé tiéu chudn E° cua céac
cdp. Cap nao cd E° 16n thi dang oxi hoa cua cap do s€ oxi hoa dang khir cua cip ¢
thé tiéu chun nho hon.
Vi du: Cip MnO; /Mn** c6 E° = 1,51V
Cap Fe**/ Fe** c6 E°=0,77V.
MnO; +5Fe**+8H*=Mn**+5Fe*+4 H,0

MnO; oxi hod Fe** —Fe*

C6 nhi€u yéu to anh hudng dén thé oxi hoa khur va chiéu cua phan tng oxi hoa
khur.
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5.2.2.1. Anh hwéng ciia nong dé
Xét chiéu phan ing 2Ag* + 2Hg® = Hg2* +2Ag (1)
a) Khi [Ag']=10"Mva[Hg} 1=10"M
b) Khi[Ag*] = 10'M va [Hg?*] = 10*M
Cho E° 4+ jag= 0,80V E?.. .. =0,79V
Tur (1) ta c6 2 ban phan ung:
Agt +e o> Ag°
NenE o+ a2 =E* . . +0,0591g [Ag’] (E))

Ag*lAg"
2Hg°® - 2e =Hg’"

NenE , =E°. 4299

Hg§/2Hg Hg /Hg

g:'] (E)

a) Khi [Hg> ] = 10" (mol/), [Ag*] = 10*(mol/1)
Ta co:
E, = 0,80 + 0,059 1g 104 =0,57 V

E,=0,79 + £)—%SﬁlgIO' 0,76V

Nhu vay Hg,”" oxy hoa Ag” — Ag”, phan tng x4y ra theo chiéu nghich.
b) Khi [Hg2 ] = 10* mol/l ; [Ag*] = 10" mol/l

E,=0,79 + 0(;591 10* =0,67V

E, =0,80 + 0,059 1g 10" = 0,74V
Luc nay Ag” oxi hod Hg,”” — Hg’, phan tmg xay ra theo chiéu thuan.
2Ag'+2Hg =Hg; +2Ag°
5.2.2.2. Anh hwéng ciia sw két tiia
Xét chiéu phan tGng:
2Cu* +4I' = I, + 2Culd (2)

Cho [I'] = 1 mol/l, Toy = 10"2, Ecwiew = 0,17V, E* = 0,54V

11217

Twr (2) ta cling c6 hai ban phan ing:



2+
+0,0591g[C” ] (E,)

[ ]

I
2l -2e =1, nénE, ,=E;, +0,0591g [ f] (E)
S L]
Do ¢6 két tia Cul tao thanh ma T¢, = 107" rit bé nén néng do Cu’ trong dung
dich giam manh, 1am thé E, ting 1én:

2Cu?* + 2e + 2I' = 2Cul! nén E°

ot iCu’

2+ ~12
E',=0,17 + 0,059 lg[c I 0,17 +0,0591g Cu’* - 0,0591g ~ ‘0 =0,85 (V)
[r]

Pay chinh 14 thé tiéu chuan diéu kién khi (E,’) khi c6 su két tia Cul. Thé nay
16n hon thé E? . =0,54V nén Cu®" oxi hoa dugc I thanh I, theo chiéu thuan.

5.2.2.3. Anh hwong ciia pH
Xét phan tmg AsO; + 2H* + 2I' =2 AsO; + H,0+ |, (€))
Xét chiéu phan tmg ¢ pH = 0 va pH =8 cho E° a0 1m0 =057V, E/ - = 094V

Tur phan tng (3) ta cling tach ra dugc hai ban phan tng:

AsO; +2e+2H* = AsO;” + H,0

0,059, [4sO}] )
nén: £, =E° > g ¢ [H*] (E)
ASO% o ASO% or 2 [ As 0; ] 1
21 -2e =1,
nén E __=E 0,059 05 %) [1 ] ~ (Ep

721 121" [1 ]
Do c6 anh hudng cua [H'] nén d4 1am anh hudng dén thé E,
* Tai pH =0, [H'] = 1mol/1

0,059, [ASOL] _ 0,059
2 g[AsO"] 2

E, =0,57 + lgl+0,57V = 0,57 (V)

Vi E; > E, nén AsO,> oxy hoa duogc I thanh I, theo chiéu thuan.
* Tai pH=8, [H] 10™® mol/l

3-
E =0,57 + %05 lg[AsO‘_] 0,059
2 C[4s0F] 2

Ig(10°%)? = 0,088V

Vi E’; < 0,54V nén I, oxi hoa AsO;’ thanh AsO,> (theo chiéu nghich).
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5.2.2.4. Anh hwéng ciia chét tao phirc
Tinh thé oxi hoa khir tiéu chuan diéu kién cta cap Co>/ Co>” khi c6 mat NH;.

Cho hang s bén téng cong ctia phirc Co(NH3)e’ 14 £ =10*', hang sé bén

tong cong ctia phirc CONNHs)s™ 1l = 10%* E° .. . =184V
Trong dung dich c6 can bang:
Co** +e =Co*
Co® + 6NH, = Co(NH,)>* (B
Co®*+ 6NH; = Co(NH,){" (Bs)
Phan tng oxi hoa khir khi ¢6 mat NH;
Co(NH,)}* + e = Co(NH,)
Khi khong c6 mat NH;:
E—E°. . +0059g:% ] (1)
Co* I1Co™ t g [Coz+]
Khi c6 mat NHj thi:
Co(NH,)
E=E’. . +o,0591g[——(—i)j_l )
[Co(nH,);" ]
Ta c6 céc biéu thirc tinh bang s6 bén 8" & pi -
[Co(NH,);] [Co(NH,);"]
o= feommany * P o iy
3

[co*]= [Co(NH,)¢'} ,[Cou]:[Co(NH;)i*]

lIl [NH ]6 s l{g.[NH3]6
Tur (2) ta co:
[C_OM
o [Co3+:| . BI6 [NH ]
E<E’, .. +0059lg[ on _E7, . +0,059 g m_]
% 1) C NH
E,<E°, . +0,059 Ig Bie khi [_CM_]_1

B [Co(NH,)?*]
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i

Vay Ecoo”/coz* EZ‘ wcer T 0,05911g

1.6

104 39

Egp e =184+ 0.0591lg or =005V (Ey . o 12 thé tiéu chuan diéu ki¢n)

*/Co™*
Nhu vay hoat tinh oxi hoa cdu Co’" giam, hoat tinh khir ciia Co®" ting Ién.
5.3. HANG SO CAN BANG CUA PHAN UNG OXI HOA KHU.

Xét hai ban phan ing sau:

OX, +n,e =Kh, (1)
E =E - [ h’]&AG =AG’ +RT InK,
Y
0X, +nze=Kh (2)
E= E - In . h‘]&AG =AG? + RTIn K,
F [OX]

Gia str OX; la chat oxi hoa manh va Kh; 1a chat khir manh thi:
n,0X, + n,Kh, =n,0X, + n,Kh,
AG=m,AG, -n,AG,
= - m,n,FE, - (-n;n,FE,)
= - n,n,F (E;- E)).
O trang thai cn bang AG = 0, tic 1a
E -E,=0vaE,=E,

Nhu vay lic can bang ta co:

NGO RPN LY

[ox,] =" " F "[ox,]

Nhéan ca tor va mau cua ve trai véi ny, dua vao bi€u thuc logant, nhan ca tr va
mau vé phai v&i n, dura vao biéu thirc logarit, bién doi ta co:

RT N [kn]"[0X,]"

E-E )=
—)nlnz( 1 2) F [Ole]n2 [Khl]n] .
InK = "'_”2(_E‘____EZ_)F (5.6)
RT
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Thay cac gia tri: F = 96.500C, InK = 2,31gK, R = 8,314J/mol. K, T = 298K

Ta co:

1gK = f'_'“_(()%s;_E’_) (5.7)

Khi n; = n, = n thi:

lgK = n(E; - E;)

ALY 5.8
0,059 (>-8)

Vi du: Nguoi ta thém du thuy ngan long vao dung dich Fe’*.10°M. Luc can
bang chi con 4,6% Fe o dang Fe’ (6 298K). Biét thé khur tidu chuan cua cip
Fe*'/Fe*” = 077V Tinh thé khtr cua cip Hg,”" /Hg néu phan Gmg xay ra duy nhét
trong h¢ 1a:

2Hg + 2Fe*= Hg,** + 2Fe?*
Bai giai:
[Fe*] =0,046.10" = 4,6. 10°(M)
[Fe**] = (1 - 0,046) 10°=9,5.10%(M)

[Hg,*] = % [Fe?*] = 4,8.10*(M)
HSCB cuia phan ung trén 1a K:

[Hg ][Fe“]2 4,8.10“‘(9,5.10“‘)2_4,8.10—4.(9,5)2‘10-8

2 - 2 10 =0,26
[Fe' T (4.6.107) (4,6)".10
Theo (5.7):
1gK = 12[}3 i Fett ] Eﬂsz’ *IHg
0,059 -~
2E" . —0,0591g K ) = .

£, reure B2 20772009920 6 79109

g} 12Hg 2 2
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CAU HOI - BAI TAP CHUONG 5

5.1. Thiét 1ap su phu thudc thé - pH dbi véi cac hé oxi hod - khtr sau:

a) Cr,0, + 14H* + 6e =2Cr’* + TH,0 (1)

b) Co(OH),| + e = Co(OH), + OH 2)

5.2. Panh gia kha nang oxi hoa ctia Fe’" ddi v6i I khi ¢6 mit cia F. Gia sir Fe’*
chi tao phtrc vé1 F:

Fe** + 3F = FeF, lgp,= 12,06

va cac qud trinh trao ddi electron:

Fe** + e =Fe® (E,°=0,771V)

FeF; + e=Fe? + 3F (EL=7

5.3. Panh gia kha ning oxi hoa I bai Fe(CN)s> cho biét hing s6 khong bén
téng hop cua FeFg 1a 10™* va ciia FeFs™ 1a 107 va cac hang s6 CB cua cic san
phan ing: Fe** + e = Fe?* va FeF* + e = FeF*

K, K, tuong 1,Ing co Kl = 10, E?/o_oos va K2= 10, E(z)/oms

5.4. Panh gia kha ning oxi hoa - khir ciia cip Ag'/Ag khi c6 mit cua ion
X (X =CI,Br,I, SCN):

Agt+e =Agl E° . =0,799V

Agt I Ag

5.5. Tinh thé oxy hoa khir tiéu chuan diéu kién cua cip Fe(Ill)/Fe(H) trong
dung dich c6 du F dé tao phuc FeFg ' co Bie= 106’1, biét E .. .=077V.

3+ 2+

5.6. Thé oxi hoa khur tiéu chuén cua cap Cu*"/Cu 14 0,337V. Thé oxi hoa khu
tiéu chuan diéu kién khi c6 du NH; dé tao phirc Cu(NH;),*" 14 - 0,07V. Tinh hang
s6 bén tong cong cuia phire do.

5.7. Thé oxy hoa khir tiéu chuan cta cip Cu*'/cu+ 1a E° =+ 0,153V. Tinh thé
oxi hoa khir tiéu chuan diéu kién cua cip khi c6 du thiocyanat SCN™ dé tao két tia
CuSCN co tinh s6 tan ctia Teyseny = 1074,

5.8. Giai thich tai sao bac kim loai khong tac dung véi HCI ma tac dung voi HI
dé giai phong ra Hidro (Hy) cho E°, , = 0,80V, Tage= 107, Tag= 107"

Ag*Ago

5.9. Tinh hang s can bang cac phan Gmg oxi hoa khir:
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a) Ce** + Fe?* = Ce* + Fe**

b) MnO; + 5Fe* + 8H' = Mn?** + 5F¢’* + 4H,0
trong dung dich nng do 16n H+ 1a 1M.

¢) Cr,02 + 6l + 14H* = 2Cr** + 31, + TH,0 ([H'] = IM)

0 _ 0 _
Cho  E). .. =15, Ep o e =136V
0 _ 0 —
EMnO;/MnZ* =15 > EF&*/F«Z* =0,77v
E), =054V,
%

5.10. Tinh HSCB ctia phan tng giita ASOs> va I,
a) Trong moi trudong axit c6 pH =2
bi Trong moi trudong NaHCO; 0,1 M ¢6 pH = 8.

0
ChoEAO

K j’
A.\'();‘

=0,57V, E! , =0,54V.
T
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PHAN THU HAI
CAC PHUONG PHAP PHAN TiCH HOA HQC

Nhu d3 néu & trén hoa hoc phén tich gdm phan tich dinh tinh va phan tich dinh
luong. Phan tich dinh luong gdm cac phuong phap phan tich hoa hoc va cac
phuong phap phan tich hoa 1y. Cac phuong phap phan tich hoa hoc gdm c6 phan
tich khéi lwong va phan tich thé tich. Cac phuwong phap hoa 1y gém phan tich do
mau, phan tich sic ky, phan tich dién hoa.

CHUONG 1
PHAN TiCH KHOI LUQONG

1.1. NGUYEN TAC CHUNG CUA PHUONG PHAP PHAN TiCH KHOI
LUQNG

Phan tich khéi lugng 1a phuong phap dinh luong hoa hoc trong d6 ngudi ta do
chinh xac bang cach can khéi luong cua chat can xic dinh hodc nhimg hop phan
cua n6 da duogc tach ra ¢ trang thai tinh khiét hoéa hoc hodc 1a dudi dang hop chat
c6 thanh phan biét trude.

Thi du, dé dinh luong vang trong hop kim, ngudi ta iy mot mau dai dién cho
hop kim d6 dem hoa tan maiu nay trong mot lugng thich hgp nuée cudng toan
3HCI + 1HNO; dic dé chuyén hoan toan miu thanh dung dich. Pem ché hoa dung
dich d6 bang nhiing thudc thir thich hop, rdi khir chon loc va dinh luong vang (I1I)
thanh vang kim loai (Au). Pem loc, rira két tia Au d6 roi sdy va nung dén khoi
luong khong d6i. Cudi cing can luong Au do trén can phan tich dé xac dinh khoi
luong ctia nd. Tir khéi luong nay, xac dinh ham luong vang trong miu hop kim.

Pé xac dinh Mg, nguoi ta tién hanh nhu sau: hoa tan mau phan tich trong dung
moi thich hop dé chuyén toan bd luong Mg vao dung dich duéi dang i6n Mg*".
Ché hoa dung dich bang cac thudc thir thich hop dé két tiia hoan toan va chon loc
ion Mg™" duéi dang hop chat kho tan MgNH,PO,. Loc, rira két tiia va sy no &
nhiét @6 thich hop dé chuyén hoan toan thanh hop chat Mg,P,0,. Cudi cing cin dé
xac dinh khéi luong cta nd. Dua vao cong thic ctia két taa va khoi luong vira cn
duoc s& tinh duoc ham lwong cua Mg trong mau phan tich. Trong thi du nay hop
chat MgNH,4PO, dugc két tua dé tach dinh luong Mg duogc goi la dang két taa, con
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Mg,P,0; hop chit duge tao thanh sau khi nung dang két tia va dem cén dé xéc
dinh ham lugng cua Mg duogc goi 13 dang can. Phuong phap phan tich khdi luong
Mg nhu trén duogc goi 1a phuong phép két tia. Phuong phap két tia 1a phuong
phap duoc sir dung phd bién nhat trong phan tich khéi luong.

Pé xac dinh CO, trong quing cacbonat ngudi ta phan hiy lugng miu CaCO;
bang axit trong mot dung cu riéng:

CaCO, + 2H* - Ca®* + CO, + H,0

Toan bo lugng khi CO, giai phong ra dugc hap thu hét vao hén hon Cao +
NaOH dung trong mdt binh riéng. Luong CO, d6 duoc xac dinh theo do ting khdi
luong cta binh dyng hdn hop hap thu, phuong phap xac dinh ham lugng CO, nhu
trén goi la phuong phap cat.

Dé xac dinh SO~ nguoi ta két tua no dudi dang BaSO, (dang két tua), loc rua,
sdy, nung, can két tua (dang can), ta tinh ra dwgc ham luong SO,* trong dung dich
nao do.

1.2. YEU CAU CUA DANG KET TUA VA DANG CAN

Pé phuong phap phan tich khdi lwong dat duoc do chinh xac cao, dang két tia
phai théa mén nhiing yéu ciu sau:

- Két tiia can phai thuc té khong tan. Mudbn vay khi tién hanh két tia nguoi ta
phai chon nhiing diéu kién thich hop nhu pa toi vu, ndng d6 thudc thir, nhiét do
thich hop dé két tua hinh thanh thuc té khong tan, hodc nhu ngudi ta néi chat phan
tich dugc két tia mot cach dinh luong, thi du két tia toi 99,99%.

- Két tua thu duoc can phai tinh khiét, khong hip phu cong két va noi hdp cac
tap chat. Chi c6 nhu vay thi dang cdn mdi co thanh phan xac dinh (mg dung véi
cong thirc hda hoc cua no.

- Két tia can thu duoc dudi dang dé& loc rira dé c6 thé tach ra khoi dung dich
mot cach nhanh chéng va thuén g1 nhéat.

Yéu cau quan trong nhit ctia phan tich khdi lugng 13 chit ran thu duoc cubi
cling phai c6 cong thirc xac dinh dé tir khdi lwong ctia n6 tinh ra dugc chinh xac
ham luong nguyén té hodc ton can dinh phan. Pdi véi nhitng két tua loai BaSO, ¢6
cong thirc xac dinh, bén virng ¢ nhiét dJ cao, nén sau khi rira sach va séy kho thi tor
khéi lwong cua n6 sé co thé tinh duoc lugng 16n Ba>* hodc SO, c6 trong dung
dich phan tich. Nhu vay, trong truong hop nay dang két tia va dang can 1a mot hop
chat. Nhung khong it két tia, chang han Fe(OH); va Al(OH); thudng khong co
cong thirc xac dinh nén khong thé chon 1 dang cAn ma phai nung chiing ¢ nhiét do
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cao toi khi c6 khéi luong khong ddi dé chuyén ching thanh Fe,O5 hoic ALO; la
nhing dang c4n phai thoa man nhiing yéu ciu sau:

- Phai c6 cong thirc xac dinh, c6 thanh phan khong doi tir khi sdy hodc nung
xong dén khi can né trén can phan tich. Thi du, dang can khong dugc hut am,
khong hap thy khi CO; c6 trong khong khi, khong bi phan hity boi anh sang... Dé
thoa man yéu cdu ndy can phai tién hanh phan tich theo nhiing k¥ thuat nhat dinh.

Heé s6 chuyén (con goi 1a hé s6 phan tich) cang nho thi cang tot. Thi dy, c6 thé
x4c dinh Cr’" dudi dang can la BaCrO,4 hoac Cr,0;. Gia su, sai ) tuyét dbi khi can
BaCrO, va Cr,05 déu 1a 1 mg, nhung khi can ¢ dang Cr,0; thi sai s 13 52 x 2/152
= 0,7mg Cr, con khi can ¢ dang BaCrO, thi sai s6 14 52x1/253,3 =0, 20mg Cr, nhd
hon trudong hop trudce 0,7/0,2=3,5 lan.

1.3. CACH TINH KET QUA TRONG PHAN TiCH KHOI LUQNG
a/ Hé s6 chuyén con goi 1a hé sd phan tich

Thong thudng dang can khong phai 1a dang can xac dinh ham luong, vi vay, tir
khéi lugng ctia dang can tinh khéi luong ctia dang can xac dinh ham luong. Do do,
dé tién cho viéc tinh két qua phan tich, ngudi ta dua ra khai niém hé sé chuyén. D6
la dai lugng ma ta can phai nhan khdi lugng ctua dang can véi nd dé duoc khdi
luong ciia dang can xac dinh, théng thuong hé sé chuyén 1a ti s6 ciia khéi lugng
ctia mot, hai hodc nhiéu nguyén ttr hodc phan tir hodc ton ctia dang can xac dinh va
khdi lwong phan tir ciia dang can. No6i cach khac hé s6 chuyén chi ra c6 bao nhiéu
gam nguyén t6 (chat) can dinh phan trong 1 gam dang can. Trong truong hop can
xéac dinh Si thi hé sé chuyén tir SiO, (dang can) thanh Si dang can xac dinh la:

K= =04674
0)

1,

Thi du khac: néu dang can la Mg,P,0, va dang can xéc dinh ham lugong 1a Mg;
MgO hay MgCO; thi hé sé chuyén lan luot 1a
2Mg

Kume= =0,2185
Mg, P,0,
K =-2MO _ 360
Meo Mg, R0,
K reco, = -2—Aig—C23— =0,7576
Mg, P,0,

b) Cdch tinh két qud phaén tich

Thong thuong ngudi ta tinh két qua theo % khéi luong ctia chét can dinh phan
trong maAu.
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Gia str lugng cAn mau 1a p (g). Khéi luong dang can 1a q (g). K 13 hé s6 chuyén.
Ham luong tinh theo % khdi luong x.

K.q.100
P

(1.1)

x% =

Néu p (g) mau chira trong v (ml) dung dich ma ldy ra v (ml) dé phan tich thi:
k.q.v.100
DV

x% = (1.2)

Trong trudong hop phan tich khi va hoi thi cach tinh kha don gian. Vi du, dé xac
dinh d6 4m ctia mau, ta 1y p (g) mau, Sau khi siy kho thi con lai p (g). Vay d6 am
ctia mau 1a:

% d6 4m = 2_P 100
p
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CHUONG 2
PHAN TICH THE TiCH

2.1. NHUNG KHAI NIEM CO BAN CUA PHAN TiCH THE TiCH

2.1.1. Nguyén tic ciia phwong phap

2.1.1.1. Pinh nghia: Phuong phap phan tich thé tich 1a phuong phap phan tich dya
trén viéc do chinh xac thé tich dung dich thudc thtr (1a dung dich chuan) da phan
mg vira du véi dung dich phan tich. Tir thé tich va néng d6 cua dung dich chuan
chung ta tinh ra ham luong chat can phan tich.

Dé do thé tich chinh xac cta dung dich chuan d6 ta dung dung cu 13 Bu rét (con
goi 1a dng chuan d¢) con binh dung dung dich phén tich goi 1a binh nén. Bu rét
dugc chia d6 dén 0,1ml, thuong dung 1a 25, 50, 100ml. Con binh nén thudng ding
c6 dung tich 50,100, 250ml.

Qua trinh thém tir tir dung dich thudc thir B tir trén Buret xudng chét dinh phan
A goi 1a su chuén d6.

Piém ma A phan tmg vira du véi B goi 1a diém twong duong. Dé x4c dinh diém
tuong duong ngudi ta cho chi thi vao binh nén. Tai diém twong duong chi thi bi
mat mau hodc xuét hién mau hodc d6i mau do ban than nd phan Gng voi luong du
ctia thude thir (chi can 1,2 giot) la xuat hién hay ddi mau.

Vi du: Khi chuan d6 HCI bang NaOH

HCI + NaOH = NaOH + H,0

Ta cho phenolphtalein vao binh nén chira HCI, dung dich khong mau. Nhung
khi lwong HC1 hét thi 1 giot NaOH du xudng s& lam dung dich chuyén sang mau
hdng do phenolphtalein tic dung voi OH™.

2.1.1.2. Cdc yéu ciu ciia phén teng diing trong phén tich thé tich

Do qua trinh chuan d6 dién ra nhanh lai doi hoi nhan biét d6i mau tic khic dé
két thuc chuan d6 dung lic nén phan tmg trong phan tich doi hoi cac yéu cau sau:

a) Phan iing phdi hoan toan: C6 nghia 13 phan chét con lai sau khi két thuc
dinh phan nho hon sai s6 cho phép.

Vi du: Sai s6 = 0,1% 1a cho phép duoc. Picu d6 c6 nghia la toc do phan ung
phai du 16n, qua tinh toan va qua thuc té toc do phan tmg phai 16n hon 10°.

Néu phan tmg dién ra khong hoan toan thi phai ¢ bién phap thuc ddy phan tng
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bang céach tao phirc hoic két tia v4i san pham, vi du:
2Cu®+41° = 2Cul | +1,

dé phan tng hoan toan phai cho thém KCNS vao dé vira tao phirc bén Cu,(CNS),
vira tranh két tia duc, vira d& nhan biét sy chuyén mau.

b) Phadn itng phdi chon loc: Nghia 1a chi cho mét loai san pham duy nhét khong
kém theo phan tmg phu tao ra cic san pham phu vira kho xac dinh diém tuong
duong vira gdy sai sb 16n vi thude thir (dung dich chuan) hodc chét dinh phan tiéu
tbn mot lugng nao do voi chat la ma ta khong tinh dugc dé loai trir. Dé khic phuc
tinh trang ndy ta phai dung chat chét bang cach thém chat tao phtrc vao nod s& ngin
can ion 14 khong phan tmg véi thude thir hodc chat dinh phén ciing ¢6 trudng hop
chi can diéu chinh pa ctia méi trudng s& ngan can dugc phan ung phu. vi du khi
chuan d6 CI” bang AgNOs, ta phai thyc hién trong méi truong trung tinh hodc kiém
yéu vi néu moéi trudong kiém manh thi:

2Ag* +20H™ = Ag,0+ H,0

hodc axit manh s& phan tng v6i CrO,> (chét chi thi) theo phan tng:
H*+ CrO; = HCrO; bén

lam mat tac dung chét chi thi:

¢) Toc do phan iing phdi di I6n: Trong phan tich thé tich diém tuong duong
duoc xac dinh béng su d6i mau cua chi thi, néu chadm s& du rat nhiéu dung dich
chuan néu phan mg cham thi phai thém vao hé phan g chit xiic tac nao do.

d) Phdi xdc dinh dwoc diém twong dwong bang chi thi: Trong phuong phap
trung hoa ta dung chi thi pH, trong phuong phap oxy hoa khur va trong phuong
phap két tha va tao phirc dung chi thi 1a cac chat v co hodc hitu co c¢6 kha ning
tao voi thude thr du mot san pham c6 mau dic trung.

e) Pwong lwong gam ciia thubc thir cang lom cang tot: dé khi pha dung dich
tiéu chuan sai s6 can 14 nho nhat.

2.1.2. Phan loai cac phwong phap chuin do.
2.1.2.1. Phén logi theo bén chit va co ché phdn ikng: Theo cach ndy c6 bon cach
chuan do:

a) Chudn dg trung hoa (con goi la phwong phdp trung hoa):

D6 1a phép xac dinh ndong do mot axit hay kiém bang dung dich chuan kiém
hay axit, chi thi ctia phép chuan d nay 1a chi thi pH, khoang pH d6i mau cia chi
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thi nim trong budc nhay pH cta phép chuin d6, vi du Phenolphtalein,
metyldacam.

b) Chudn dé oxy hod khir (con goi la phirong phdp oxy hod khit): Phuong phap
nay duoc dua trén viéc xac dinh néng do cac chat oxy hoé (hodc chit khir) béng
cac chét khir (hodc oxy hoa) chi thi ctia phép chuan d¢ 1a chét chi thi oxy hoa khir
c6 khoang thé d6i mau nam gon hodc gan gon trong budc nhay thé.

Vi du chuan Fe*" bang dung dich chuan Cr,0-.

Cr,0% + 6Fe* + 14H* = 2Cr** + 6Fe**+ TH,0

Sau khi lwong Fe** (dudi binh ndn) hét thi Cr,0,> du s& phan tng v&i Piphenyl
quan, lam cho n6 bién ddi tir khong mau sang mau tim xanh. Khi d6 ta két thiic
dinh phan.

¢) Chuan do két taa (phuong phap két tua): San pham tao thanh 13 két tia, song
van nhan biét dugc sy d6i mau chi thi ndo d6. Vi du viéc xac dinh CI” bang
AgNO;, khi du AgNO; nd sé& phan tng véi K,CrO, (12 Chat chi thi & duéi binh
non):

AgNO, +NaCl = AgCI! tring + NaNO,.
2AgNO,du + K,CrO, = Ag,CrO, | + 2KNO,
do6 gach

Mau ctia dung dich chuyén tir duc trang (mau cua AgCl) sang hong nhat bao
hiéu su két thiic chuan do.

d) Chudn dj tao phirc (phwong phdp tao phirc): San phim tao thanh phai 1a
nhing phirc chat dii bén va tan trong nudc. Dung dich chuan ciing 1a nhitng chat
tao phirc, chung tao v6i ion kim loai thanh phirc bén hon phirc ciia chi thi véi ion

kim loai. Sau tuong duong ciling c6 su d6i mau ro rét cia chi thi:

Me?* + MInd* = MiInd + H*

khong mau do6 nho
H,Y* + Melnd = MeY? + HInd + H*
dé nho xanh

2.1.2.2. Phan loai theo trinh tw va thao tdac thi nghiém.

a) Chudn dé tryc tiép: Cho dung dich chuan tac dung truc tiép v6i dung dich
dinh phan.
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A + B C + D

i

B du + Hchi thi = Kmau dic tnmg

b) Chudn d¢ gidn tiép: Do 1a viée xac dinh ndong d6 chat dinh phan thong qua
san pham tao thanh giita A (dung dich dinh phan) va B (dung dich chuén).

Vi du:
A + B = C + D
C + E = H + G

Thue té 13 viéc xac dinh A khong thong qua B ma phai ¢6 C (san pham cua A
va B) tac dung véi E r6i tir E suy nguoc lai gian tiép tinh ra A.

¢) Chudn doé nguoe: D6 1a viée xac dinh A..phai qua hai dung dich chuan (B va
C)

Bdu+A=E+D
Becon+C=G+H
Tinh A theo cong thirc sau: vV, . N, = Vi Ny - V. N
2.1.3. Tinh toan trong phén tich thé tich.
Dé tinh toan ngudi ta phai dua vao loai ndong do co ban 1a ndng d6 duong luong
va dg chuan theo chat dugc xac dinh va phai dung dinh luat duong luong.
2.1.3.1. Nong dé dwong lwong.
a) Nong dg dwong hwong (con goi 1a ndng do chuan hay 1a d6 nguyén chuan).
D6 13 sb duwong lugng gam chat tan ¢ trong mot it dung dich.

= DV (2.1)

Trong d6: a 13 s6 gam chét tan, D 1a duong lugng gam chét tan, V 1a s6 lit dung
dich.
Dé xac dinh duong luong gam (D) ta dira vao biéu thuc:

P

D=~ (2.2)
n

(P 1a phan tir gam cua chét tan n 13 dai luong dic trung cho ting loai phan
ung).

- Trong phan tmg trung hoa, n: S6 mol H * (hoic OH) cua axit(hay bazo) trao
doi.
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+ NaOH + H,PO, = NaH,PO, + H,0

DNaOH = Paon > D Hypo, — P H,PO,
+ 3NaOH + H,PO, = Na,PO, + 3H,0
—_ PHJPOJ
Dy po, = 3

- Trong phan tng oxy hoa khir, n = sd electron ma chit oxy hoa (hodc chat
khtr) trao doi.

2 KMnO, + 10FeSO, + 8H,S0, = K,SO, + 2MnSO, + 5Fe,(SO,); + 8H,0

P KMnO, D — PFL'S()4
- ’ eSO,

D KMn(), 5 1

- Trong phan tng két tia, n = so dién tich trao d6i,

3BaCl, + Cr(SO,), = 3BaS0, | + 2 CrCl,

e i Cn(S0,),
DBaCI, = 22 ’ DC’Z(SOJ)J= 6

b) B chudn theo chat dwoc xdc dinh (Typ)

Do chuan ciia mot thude thir (A) theo chit can xac dinh (B) 13 s gam chit can

xéac dinh (B) tac dung vira ¢t voi 1 ml dung dich chudn A.
T =0,00355 tirc la 1 ml do AgNO; tac dung vira da véi 0,00355g CI'.

AgNO,y
cr-

, a,D
b6 chuan Tas = D,:lolao (2.3)

Trong d6 a 13 1a s gam chit A, DA' DB 1a duong lugng gam cua A, B.
2.1.3.2. Dinh ludt dwong lwong:

Céc chat phan tmg v6i nhau theo nhiing duong luong bang nhau:

my Dy 2.4
m D, (2.4)

Goi Va, N, 14 thé tich va ndng do ciia chat dinh phan A.

Goi Vg, Np 1a thé tich va néng dd cua dung dich chuan B. Theo dinh luét
duong lugng ta co:

VA’ NA = VB‘ NB (2.5)

Pay 1a dang co ban cua dinh luat duong lugng dé tinh toan trong phan tich thé
tich.
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Vi du 1: C6 bao nhiéu gam Ba(OH), hoa tan trong 250ml dung dich néu chuan
do 20ml dung dich nay hét 22,4ml dung dich HCI 0,09884N? Ta c6 phan ung
chuan do:

Ba(OH), + 2HC] = BaCl, + 2H,0

_ P/m(()ﬁ)2 _ 171,35

Ba(OH), — 7

Do d6 D = 85,675 (g)

Ap dung dinh luat duong luong ta co:

N _ 22,4.0,09884
Ba(OH),™ " 5g
_ NBG(OH)z x DBa(OH)z Vv
ag — 1000 0 Ba(OH ),
= 22,40,09884 , 550 -2275(z)
20.1000

Vi du 2: Tinh % H,C,0, trong mau, néu can 0,200¢g mau va hoa tan vao 50ml
dung dich, chuan d6 dung dich nay trong méi truong axit hét 30,5ml KMnOy, o,lon.
Giai: Ta c¢6 phan Gmg chuin do.

5H,C,0, + 2KMnO, + 16H" = 10CO, + 2K* + 2Mn?" + 8H,0

P, 90
DHzC,(), = _Hz;‘_z(), = BY =45(g)

Dung cong thuce: a ,=D,.Vy. Np. 107
Taco:a, = 45.30,5 .0,10. 107 = 0,1372(g)

0,1372

SUY 12 % HiC04 = 52000

x 100 = 68,60%.

2.2. CAC PHUONG PHAP PHAN TiCH THE TiCH
2.2.1. Phwong phap chuian d axit - bazo (phwong phap trung hoa)

Phuong phéap chuan d6 axit - bazo dua trén phan tng trao ddi proion giita dung
dich chuan va dung dich dinh phan dé xac dinh nong do6 cia céac axit va bazo. Céc
phan tng dung trong phuong phap ndy déu théa méin cic yéu cdu cta phan Gng
dung trong phan tich thé tich. Cac dung dich chuin dung trong phuong phéap nay
thuong la cac dung dich axit manh hodc bazo manh. Trong qua trinh chuan do
nong do cua cac ion H' va OH thay doi, tic 1a pH cua dung dich nay thay doi. Vi
vay, dé xac dinh diém tvong duong ngudi ta thuong dung nhitng chit ma mau sic

&9



ctia chung thay doi theo pH cta dung dich. Nhitng chat nay duoc goi 1a chat chi thi
axit - bazo hodc chit chi thi pH. Puong biéu dién su phu thudc cia pH trong qua
trinh chuan do vao thé tich dung dich chuan thém vao hoic lugng chat dinh phan
da duogc chuan do duoc goi la duong dinh phan. Nguoi ta thuong dua vao duong
dinh phan dé chon chét chi thi thich hop nht.

2.2.1.1. Chit chi thi axit-bazo.

Céc chit chi thi axit - bazo phan 16n 13 cdc pham nhudém hitu co. Chung 13 cac
axit hodc bazo hitu co yéu trong d6 dang axit va bazo lién hop c6 mau khac nhau.
vi vy mau cta ching phu thudc vao pa cua dung dich. Ta ky hiéu chat chi thi 1a
axit HInd va bazo 1a IndOH. y rong nudc cac chét chi thi ¢ phan ly nhu sau:

HInd = H'+Ind K.ind (a)
IndOH = Ind + OH Kiina* (b)

Trong d6 cac dang lién hop twong Gng cia mdi chat c6 mau khac nhau.

Su thay ddi mau cta chat chi thi phu thudc vao pH cua dung dich dugc giai
thich bang thuyét ion - mang mau.

Khi pH thay ddi thi cac can bang (a) hoidc (b) s& chuyén dich vé phia phai hoic
phia trai, chat chi thi s& ton tai chu yéu dudi mot trong hai dang lién hop, nén c6
mau cta dang ndo ton tai chu yéu trong dung dich. Vi du: néu chét chi thi 1a HInd
thi khi thém axit vao dung dich ctia n6 thi can bang (a) s& chuyén vé phia trai nén
dung dich c6 mau cia dang axit HInd. Nguoc lai néu giam d¢ axit ciia dung dich
(chang han thém kiém vao) thi cAn bang (a) s& chuyén sang phia phai nén dung
dich ¢6 mau cua dang Ind” (dang bazo).

Khi pH cta dung dich chtra chét chi thi thay doi thi cu tric cia phan tir trong
d6 c6 nhitng nhom mang mau thay doi dan dén sy thay d6i mau cua chét chi thi.

Vi du: Phenolphtalein c6 thé ton tai trong dung dich cac dang cu tric phan tir

sau day:
HO\Q _~_-OH HO\Q _~~_OH
LT O
C\C — < —
\ OH
) C=0 | Co0
= /
Dang lacton khong mau Khong mau
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e Q w O
Ko Koo

Dang quinon mau héng Khéng mau

Vi vdy trong mdi trudng axit va trung tinh phenolphtalein ton tai chi yéu duéi
dang lacion khong mau, trong mdi trudng bazo ton tai chii yéu dudi qui non mau
h@)ng, nhung trong méi truong kiém manh lai ton tai & dang khong mau.

Metyl da cam c6 thé ton tai trong dung dich dudi cac dang sau:

+ , OH"
(CHmNH—@N = N—@ SO —
—_— H+

Mau héng N

(CH3),N '—@N = N—{i» 5073

Mau vang

MG&i chét chi thi axit - bazo thuong c6 mot khoang pH d6i mau. Ta hay xét chat
chi thi 12 axit hiru co yéu HInd. Trong dung dich nudc chira lugng nho ciia chat chi
thi do:

HInd = H* + Ind (2.6)

(1 [

K aHind [HIn d]

Hoic pH = pK .~ Ig L2224 @7
[1na]
Ti 6 [Hind] quyét dinh mau cta dung dich.
Ind”

Mit ta thuong chi phéan biét dugc sy d6i mau khi ti 1¢ ¢ trong khoang

1/10 - 10. No1 cach khac khi néng do cua dang axit chénh Iéch véi néng do dang
bazo khoang 10 lan thi ta chi thdy duoc mau cua dang c6 ndng do 16n. Thay doi ti
s6 ndng do:

[Hlnd] TN [HInd] _

[ind" ] 10 [ Ind" ]

=10 vao biéu thirc (2.7), ta c6:
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pH = pK afiind * ] (2.8)

Nhu vay, khoang d6i mau ma mat ta nhan théy duogc 1a 2 don vi pH. Tuy nhién
ddi véi mot s6 chat chi thi mat ta co thé nhan dugce sy d6i mau nhé hon 2 don vi,
nghia 1a khi ti ) néng dd cua cac dang nho hon 10 lan. Pbi voi chét chi thi loai
IndOH, ta ciing 1ap luan tuwong tu dé x4c dinh khoang pH d6i mau. Trong bang sau
day 1a mot s6 chat chi thi axit - bazo quan trong nhat.

Bang 2. Mt s chit chi thi axit-bazo quan trong

Tén théng dung | Khoang d6i mau pK. Mau cua dang axit-bazo
Thimol xanh 1,2-2,8 1,65 D6 vang
Metyl vang 29-40 3,55 Do - vang
Metyl da cam 3,1-44 3,46 b6 da cam
Bromcresol xanh (3,8 -5.4 4,66 Vang - xanh
Metyl do 4,2-6,3 5,00 Do - vang
Bromcresol tia 52-6,8 6,12 Vang - do tia
Bromthimol xanh (6,2 - 7,6 7,10 Vang - xanh
Phenol dé 6,8 - 8,4 7,81 Vang - do
Cresol tia 7,6 -9,2 8,40 Vang - tia
Phenolphtalein 83-10 9,15 K, - hong
Thimolphtalein 9,3-10,5 9,90 Ky - xanh
Alizann vang GG |10 - 12 11,00 Ko - vang

Doi v6i loai chat thi thi ¢6 mau tirc 14 chi mot trong hai dang axit - bazo lién
hop ¢6 mau, chéng han chét chi thi loai HInd ma dang HInd khong mau thi mau
ctia dung dich s& do ndng d6 dang c6 mau Ind” quyét dinh. Néu C la gia tri ma
néng d6 Ind” can dat t&i dé ta nhan ra mau cta nd va C, 13 ndong d6 ban dau cua
chat chi thi thi pH ctia dung dich tai d6 mau cia Ind bat ddu xuat hién la:

C,-C

pH = pKanna -1g (2.9)

Nhu vay, pH lam ddi mau phu thudc vao néng dd chat chi thi. Vi du, trong
dung dich phenolphtalein bdo hoa, mau hong xuat hién khi pH = 8 con trong dung
dich lodng hon 10 1an thi pH = 9 méi xuat hién mau.

Ngoai khoang d6i mau cua chat chi thi, ngudi ta con dung khai niém chi s6 pT
ctia chat chi thi axit - bazo dé chi pa ma tai do chit chi thi ddi mau ro nhat. Ta
thudng thay gid tri pT trung véi gia tri pK,xq clia chét chi thi.
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2.2.1.2. Dwong dinh phan

Puong dinh phan trong chuan d9 axit - bazo 1a dudng biéu dién sy lién hé gitra
ndéng do can bang cua ion H" va luong axit hodc bazo da chuan d6. Thiét 1ap duoc
phuong trinh dinh phén ta c6 thé v& dugc duong d6 dé thiy duoc su bién thién pH
cua dung dich trong qua trinh chuan do, dé chon chéat chi thi thich hop cho viéc
chuan d6 va khi cé phuong trinh dudng phan dinh ta dé dang tinh sai s6 chi thi.

a. Puong dinh phan khi chuan d6 axit manh bang bazo manh: Gia sir chuan do
Vo ml axit manh HA néng do C, (mol/l) bﬁng dung dich chuin bazo manh NaOH
hodc KOH nong d6 C (mol/1).

Phuong trinh phan tmg chuan do la:

HA + NaOH = NaA + H,0

Hoac viét dudi dang ion:

H* + OH =H,0
Goi F 1a phén axit d3 dugc chuan d9, tirc 1a:
F= _S6 mili mol bazo di thém vao = CC‘I// (2.10)

S& mili mol axit ban ddu

Phuong trinh bao toan proton cta dung dich trong qua trinh chuan do:

- If+VV =lo |- VCfV
f i (2.11)
CV=V,Co _[rm-1_lp :
VotV [OH ] [H ] (2.12)
Pua F vao phuong trinh (2.12) bang cach nhéan 2 vé cta phuong trinh véi
V4V Vo4V CV=CVy (rr1 e NtV
7 ta cé T x a7 _([OH 1-[H# ])——C,,.Vo (2.13)
F-1=(om]-[m])etx (2.14)

Phuong trinh (2.14) 14 phuong trinh tong quat ciia duong dinh phan, né cho ta
biét moi lién hé gitta pH cta dung dich va phan axit di dugc chuan do. Néu biét
duoc gia tri ciia V, ta biét duoc F va dua vao phuong trinh trén ta tinh duoc [H'],
tuc 1a pH cua dung dich.

Khi méi chuin do con twong d6i xa diém tuwong duong, trong dung dich con
nhiéu [H'], nén [H'] >> [OH] nén tir (2.14) suy ra:
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. c.7,
[H]= (I—F)VOTV
Phuong trinh trén cho ta thdy nong d6 [H'] bang néng dd axit chua dugce chuan
d6 da bi pha lodng bang V ml dung dich chuian NaOH dugc thém vao. Tuy nhién,
diéu nay chi dung khi twong ddi xa diém tuong duong. Cang gan dén diém tuong
duong ta phai ké dén sy phan ly ciia nudc. Tai diém twong duong khi F = 1, tir
(2.14) ta co:

[H'] = [OH] = VKmo =107 (5 25°C)
Sau va xa diém tuong duong vi du twong d6i nhiéu NaOH nén [OH] >> [H']
va tir phuong trinh (2.14) suy ra:

[OH] = o =(F—l)%"—

[4°] )V
Sat trude va sau diém tuong dwong [H'] = [OH] nén phai giai phuong trinh
(2.14) dé tinh pH. Can chu ¥ rang, ¢ thé coi CV = C,V,, tuc la:

=Co HoacV"+V =C0+C

v
v, C v C

()

Vi du 1: v& duong dinh phan khi chuan d6 100ml dung dich HC1 0,1M bang
dung dich NaOH 0,1M.

Ap dung cong thuc (2.15), (2.16) két hop véi (2.17) ta tinh duge pH khi cho
nhimng thé tich NaOH khac nhau vao dung dich HC1 dé chuan do HCI. Cac két qua
duogc tap hop trong bang sau:

V(ml) 0 10 50 90 99 1999 | 100 [100,1| 101 | 110

F 0 0,1 { 0509 {099 099 1 |1,001| 1,01 | 1,1

pH 1 | 1,1 | 1,48 228 (330|430 7,0 | 9,70 | 10,7 | 11,68

Nhan xét vé dudng dinh phan axit manh bang bazo manh:

- Trudc va sau diém tuong duong khi F nho hon 0,99 va 16n hon 1,01 thi pH
ctia dung dich bién d6i rat it. Trai lai & ving gan diém tuong dwong pH thay doi rat
nhiéu tao nén budc nhay pH & sat diém tuong dwong.

- Poan pH tng véi thoi diém con 0,1 % luong axit chua duoc chuan va 0,1 %
luong kiém du so véi axit, tirc 1a khoang pH tmng voi F = 0,999 va 1,001 thuong
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dugc quy ude la budc nhay cua duong dinh phan. Trong truong hop nay budc
nhdy cua duong dinh phan 1a 5,4 don vi pH (9,70 - 4,30)

- Dya vao budc nhay ctia dudng dinh phén ta c¢6 thé d& dang chon chat chi thi.
Trong truong hop ndy ta chon bat ky chét chi thi pa nao ¢6 pT nam trong budc
nhay. Tirc 1a trong khoang pH tir 4,3 - 9,7 ta déu nhan ra diém tuong duong véi
sai s khong vuot qua 0,1 %.

eH

12t

nr

071
9+

T T

Tt

08 07 [ I 1l 12 3 F

Hinh 2. Pwong dinh phan chudn dp HCI 0,IM bing NaOH 0,1M

- Nong d¢ axit cang 16n thi budc nhay cang dai.
Ta hay Tinh pH ctia budc nhay.
Khi chuan d¢ thiéu 0,1 % tirc 1a:

V,+V
Cn'Vo

F-1=-0,001=([0H ]-[H"])
Gia sir C va C, gan diém tuong duong nén V gan V,, ngoai ra c¢6 thé bo qua
OH" canh H', nén phuong trinh trén dugc don gian thanh:

- '3=- +_2__
10 [H]C

]

.1_C,.10°
7] e

pH = -1g[H*] =3 +0,3 - 1gC, = 3,3 - IgC, (a)
Khi chuin d6 thira 0,1 % tuc la:
V. +V
F-1=+0,001=([og ]-[H N2
([o -1 ]1e

-

Vi sau diém tuong duong nén ta bé qua H" canh OH va c6 thé coi V = V, nén
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phuong trinh trén dugc don gian hoa thanh:

12 107
+0,001 =[ 0H ]C_”._[H*]C‘ 2
11072
)10
pH = -1g[H*] = 11- 0,3 + 1gC, (b)

Budc nhay bang hiéu sb 2 gia tri pH trén ApH
ApH=10,7+1gC,-3,3+1gC,=7,4 + 2 1gC, (c)
Vi du 2: Tinh pH cua budc nhay trong céac truong hop sau:

Chuén d6 dung dich HCI c¢6 ndng d6 bang: a) 1 M; b) 0,1 M; ¢) 0,01 M va d)
0,005M bing dung dich NaOH cung ndng db.

Sau khi 4p dung cong thirc (c) trén va tap hop cac két qua trong mot bang ta co:
Nong d6 1 0,1 0,01 0,005 0,001
Budcnhdy |7,4dvpH | 54dvpH | 3,4dvpH | 2,8 dvpH | 1,4 dv pH

Ta thdy ngay rang, budc nhay pa tai diém twong duong khi chuin d6 axit manh
bang bazo manh cing ndng d6 cang 16n khi ndng d6 cang 16n.

Sai 56 chi thi:

Trong phan tich thé tich néi chung va phuong phap chuan d6 axit - bazo noi
riéng, ngoai sai s6 thé tich do sir dung dung cu (buret, pipet, binh dinh mtc...) giy
nén, con hai loai sai sé quan trong khac 1a sai s6 do pa cua chét chi thi khong tring
v6i pH ¢ diém tuwong duong goi tat 1 sai s chi thi va sai s6 do xac dinh sai pT cta
chat chi thi, ttrc 1a xac dinh pH ¢ diém cudi duge goi 14 sai sé diém cudi.

Sai s6 chi thi 14 sai s6 do diém cudi dugc nhan ra bang chat chi thi khong tring
v6i diém tuong duong. Ta hady thiét 1ap phuong trinh tinh sai s6 d6 duéi dang sai
s6 twong d6i S. Theo dinh nghia:

_cv-C ¥,
C,V

d 0

S =F-1

hoic dudi dang phan tram: S% = (F — 1).100

Khi F nho hon 1 thi S 1a phan axit chua duoc chuin d6 va c¢6 ddu am. Khi F 16n
hon 1, S 1a phén axit twong duong véi luong bazo du va c6 diu duong. Dua vao
phuong trinh dudng dinh phan, ta 1ap dugc phuong trinh sai s6 chi thi theo pH &
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diém cudi tic 1a theo pT cua chét chi thi. Pdi véi trudng hop chuin d6 axit manh
bang bazo manh tir phuong trinh (2.14) ta co:
- TN A2 4
S=F-1=([oH"] -[H ]),?—V- (2.18)
Trong d6: ¢ 1a chir viét tit cta chit cudi. Néu két thic chuin do & gan diém
tuong duong thi:

C,V,~CV pen HotV _G+C (2.19)
2 C

Trude diém tuwong duong, néu [H'] >> [OH] thi:
Vo +V

=—[H*"| 22— 2.20
S=-[H"], & (2.20)

Sau diém twong dwong, néu [OH] >> [H'], thi:
s=[on] 2’ 2:21)

< G,
Néu ¢ sat diém twong duong thi diung phuong trinh (2.19).
Thi du 1: Tinh sai s6 chuan do dung dich HC1 0,1M béng dung dich NaOH
0,1M néu két thic chuan do ¢ a) pH = 5,0 vab) pH = 10,0.
Truong hop a, ta 4p dung (2. 14):

A=-10°2*01 6 0002 tdc 12 -0,02%.
0,1x0,1

Truong hop b, ta 4p dung (2.21):

0,1+0,1
0,1x0,1

A=10" =0,0002 tuc la +0,2%.

Thi du 2: Néu chuan d6 dung dich HCI 0,1M béng dung dich NaOH 0,1 M thi
can két thuc trong khoang pH nao d¢ sai s6 chi thi khong qua 0,1 %. Ddi véi sai sd
-0,1 % tirc 14 S = - 0,001: nghia 1a lwong NaOH thém vao chua di. Ap dung cong
thure (2.20), ta co:
0,1+0,1
0,1x0,1
[H*] =5.10* - pH=4,3.

- 0,001 =[H’]

Ddi v6i sai 6 + 0,01%; tire 1a S = +0,001; nghia la lugng NaOH thém vao du:

Ta dung (2.2 1):
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0,1+0,1
0,1x0,1

+0,001 =[OH" ]

[H‘]: 107" =5.10"" > pH=9,7.

Lo#”]

Nhu vy, mudn sai sé chi thi khong vuot qua 0,1 % ta phai két thic chuan do

trong khoang pH tir 4,3 va 9,7 hay noi cac khac 1a dung cac chat chi thi ¢ pH nam
trong khoang 4,3 - 9,7.

b. Chudn d¢ don it yéu bang bazo manh
Phan mg chuan do:

HA + NaOH = NaA + H,0

HA +OH =A"+ H,0
Phuong trinh bdo toan proton

) cVv
V. +V

c,V,
V +V

0

[H*] + [HA] - = [OH]

Ta cling dat F = va dua F vao phuong trinh trén, ta dugc:

F-1=L=C%  ((on-]-[#]) Vé:V:/"[;y]Z]K

(2.22)

Phuong trinh trén 1a phuong trinh bac 3 theo [H'] nhung trong cac giai doan
cua qua trinh chuan d6 né dugce don gian hoa.

Khi chua chuan d6 F = 0, V = 0 trong dung dich Axit ndng d6 C, ta bo qua
ndéng d6 16n OH", phuong trinh (2.22) duoc bién d6i thanh:

K .C
[H]=——=2 (2.23)
K,+[H"]
Vanéu [H']>> K, thi [H* =K,.C, (2.24)

Ta c6 cong thirc quen thudc tinh pH ctia dung dich axit yéu va tir cong thirc do
dé dang suy ra: pH = 0,5pK, - 0,51gC, (2.25)
- Sau khi thém v ml NaOH vao nhung con xa diém tuong duwong, thi [H'] va

[OH] thuong nho hon [Na'] va [A] nhiéu nén c6 thé bo qua s6 hang do do
huong trinh ([opr-1-[m* )™, (2.20) tro thanh:
phuong trinh ([op~]-[#"])2=~,  (2:20)

]

I L
F-1 Tk (2.26)

Tur (2.26) suy ra dugc:
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[1°]-E ka (2.27)

Trong phuong trinh (2.27), 1 - F tng véi phan axit HA con lai chua duge chuan
do, con F ung voi phﬁn axit da dugc chuin do dé sinh ra bazo A” lién hop véi nod.
vi vay, phuong trinh d6 chinh 13 phuong trinh tinh pH ctia dung dich dém gom axit
HA va bazo lién hop A"

Tai diém twong duong F = 1, ta c6 dung dich A", nén [OH] >> [H'] va phuong
trinh (2.22) tré thanh:

[ C+C

H+ +K,
L4 ] _ Ko Cﬁc
[H*]+k, [H'] C.C

Hoac

Néu axit khéng qua yéu thi K, >> [H'], nén ta c6 thé bo qua [H'] canh K, va
phuong trinh trén chi don gian thanh:

[HT =Ky 0K, CE,:-CC

(1] CC*CC (2.28)

Pay chinh 14 cong thuc tinh pH cua dung dich A™c6 thé ké dén su pha lodng.
Sau va tuong d6i xa diém twong duong F > 1 ta c6 dung dich bam yéu A™ va
bazo manh NaOH du, nén [OH] >> [H'] va néu:

V,+V
[OH]CV

{) U 0o

[ A]V +V

1’(H+

tuc 1a [HA] << [OH] thi phuong trinh (2.22) chi con la:

_ V.tV
F-1= [OH ] C,,V,,
hoic [OH] = (F - l)V = (2.29)

O vung sat diém twong duong tmg véi 0,999 < F < 1,001 chi bo qua dugce [H']
canh [OH'] va K, thuong khong bé qua duoc sb hang nio trong 2 s6 hang

[H*] 5~ V,+V
Ka+[HJ Al ]C”V,,

ta phai giai phuong trinh:
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Foto_ L] | Kugt,+v (2.30)
K,+[H'] [H']CY,

Vml) | 0 |20] 50 [ 90| 99 | 99,9 | 100 [100,1| 101 | 110 | 150
F 0 102]05109]0,99/0999]| 1,0 1,001| 1,01 | 1,1 | 1,5
pH |2,88/3,4(4,75(58] 6,8 | 7.8 |8,74| 9,7 | 10,7 | 11,6 12,5

4

0.2 05 i 1-$ F

Hinh 2. Puong dinh phin CH;COOH 0,IM bang NaOH 0,IM

Nhan xét vé duong cong chuan d6 trong truong hop chuin do axit yéu bang
bazo manh:

- Cling gidng nhu chuin d6 don axit manh bang bazo manh, trudc va sau diém
tuong duong khi chuin d6 don axit yéu bang bazo manh pH it bién ddi theo F
nhung & sat diém twong duong pH ting dot ngdt theo F tao nén budc nhay cua
duong dinh phan. Néu cling qui uéc budc nhay 1a pa Gng v6i sy chuin do thira va
thiéu 0,1 % luong axit thi trong trudng hop nay budc nhay ngin hon trudng hop
chuan d6 axit manh bé‘mg bazo manh (1,9 don vi pH so v&i 5,4 don vi pH).

- Khac voi truong hop chuin do axit manh khi chudn d6 axit yéu pH tai diém
tuong dwong khong bang 7,0 ma 16n hon 7 vi san pham cta pa phan tng chuan do
1a bazo yéu CH;COONa.

- Budc nhay cua dudng dinh phan phu thudc vao cuong do axit. Axit cang yéu
thi buéc nhay pH & ving diém twong duong cang ngan. Ta hdy gia sir chuan do cac
dung dich axit HA ndéng d6 0,1 M bang dung dich chuan NaOH 01M. Cac axit d6
cO pha lan luot 12 3, 4, 5, 7 va 9. Trong truong hop nay ta s€ tinh pH tai diém
tuong duong va budc nhay 1a gia tri ApH khi chuan d6 thiéu va thira 0,2%. Ta ¢6
bang sau:
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Cuong do6 axit (pK,) | pH tuong duong | Budc nhay pH ApH
3,0 7,85 5,7+ 10,0 4,3 dv
4,0 8,35 6,7 + 10,0 3,3dv
5,0 8,70 7,7+ 10,0 2,3 dv
7,0 9,85 9,7+ 10,3 0,43 dv
9,0 10,85 10,84 + 10,9 1 0,06 dv

Qua céac két qua trén ta thdy, cic dung dich axit cing nong do nhung co pK,
khac nhau thi véi axit cang yéu, tirc c6 pK, cang 16n thi pH tai diém tuong duong
cang 16n hon 7 nhiéu va budc nhay pa tai diém duong duwong cang ngan. Khi pK,
bang 9 thi thyc té khong c6 budc nhay. Dbi véi axit c6 pK, bang 7 budc nhay pH
chua dat duoc 0,5 don vi pH; nén kho chon dugc chit chi thi dé c6 thé phan biét
dugc sy doi mau bang mat thuong. Dbi voi axit c6 pK, bang 8 hodc 9 thi khong thé
chuan do dugc vi khong thé chon duogc chat chi thi.

- Budc nhay cua duong dinh phan con phu thudc vao nong dg cua axit can
chuan d6 va nong do cua dung dich chuan bazo manh.

Ta hdy tinh nuéc nhay duong dinh phan khi chuan do cac dung dich
CH;COOH pK, = 4,75 ¢6 cac nong do 1a 1,0; 0,1; 0,01; 0,001M bang cic dung
dich chuan NaOH cung ndng d6. Trong trudng hop ndy gia sir budc nhay tng véi
F - 1=+ 0,002; tic 1a chuan d6 thiéu va thira 0,2% lugng axit can chuén do. Sau
khi giai phuong trinh (a), ta duoc cac két qua sau:

Nong d6 CH;COOH va NaOH pH budc nhay ApH
100 M 7,45-11,0 3,55 dv pH
0,10 M 7,45-10,0 2,55 dv pH
0,01 M 7,44 -9,0 1,50 dv pH
0,001 M 7,37-7,8 0,43 dv pH

Qua cic vi du trén ta thdy budc nhay cang ngin néu ndng do axit cang nho. Cac
dung dich ndng do nhé hon 0,001M gan nhu khong c6 budc nhay, nén néu chuan
d6 s& méc sai s6 chi thi rat 16n hodc khong thé chon dugc chat chi thi.

Phwong trinh tinh sai sé chi thi khi chudn d¢ axit yéu bang bazo manh: Ti

phuong trinh dudng dinh phan ta rat ra phuong trinh tinh sai s6 chat chi thi:
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_ (4], A [y Vet
S=F.-1 =_m+([0fz ] -[# ])T“;o (2.31)

Nén di€ém cuoi gan diém tuong duong thi:

[H *] - +11\C, +C
S=Fq.-1 S THTE :Ka +([on],-[#],) o (2.32)
Tuy theo pT cua chat chi thi, ta c¢6 thé don gian héa dugc cac phuong trinh trén
hon nira.
Vi du 1: Tinh sai s chi thi, khi chuan d6 dung dich CH;COOH 0,1 M bing
dung dich NaOH 0,1M dung céc chit chi thi co pT béng a) 4,0; b) 8,0; c) 9,0.
Trudc hét tinh pH tai diém twong duong theo (2.28)

s 0,140,1

[H*]: 10710 =1,72.107.

1x

3 b

pH = 8,74

a) Truong hop pH = 4:

Vi[H'1=10"va [OH] = 10"" nén co6 thé bo qua s6 hang thir hai trong phuong
trinh (2-31) dé tinh sai sb:

-107® P
S T T -0,85 tuc la -85%.

Nghia 14 mic sai s6 am rét 16n: 85% luong axit chwa dugc chuan do.
b) Truong hgp pH = 8:

Ta két thirc chuan do trudc diém tuong dwong nén van bo qua sé hang thu 2
trong phuong trinh (2.31) dé tinh sai s6:

-107"
EETRENSTR

hoic -0,056%. Sai s6 kha nho vi chi con 0,056% luong axit chua bi chuan do.

=10"% =0,0005%

¢) Truong hop pH =9:

Ta két thuc chuan d6 sau diém tuwong dwong khi di du luong nho kiém cua
dung dich chuan. Trong truong hop nay ta bo qua s hang thi nhit trong phuong
trinh (2.31) dé tinh S:

_ 107 (0,1+0,1)

107 01x01 =+0,0002 hoic +0,02%.
b x b)
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Sai s6 rat nho vi chi chi chuan d6 thira 0,02% luong axit.

Vi du 2: tinh sai sé chuan do dung dich CH;COOH 10°M bang dung dich
NaOH cung nong d6 va két thuc chuan d6 khi pH = 7.5.

Ap dung phuong trinh (2.28) dé tinh pH diém twong duong:

pH =0,5pK ,, ,+0,5pK, -0,51gci=7+2,38-0,15+0,51g0,001 =7,73
Khi két thuc chuan do & pH = 7,5 tirc 1a sat trudc diém tuong duong, ta tinh sai
s6 theo phuong trinh (2.32).

= 107 10 —107)—2_ —_0.0026
T 10 1078 +(10° - )0,001 -

Tuc 14 -0,26%. Sai s6 nay chip nhan duoc.

¢) Phwong trinh dwong dinh phdn bazo yéu bang axit manh: Tét ca cac 1ap luan
d6i v6i truong hop chuan do axit yéu bang bazo manh ciing dung cho trudng hop
chuan do don bazo yéu bang axit manh. Vi vay, chi can hoan vi H cho OH va
thay K, bang K, trong phuong trinh (2.22) ta s& duoc phuong trinh duong dinh
phan dung dich don bazo yéu bang dung dich don axit manh.

W +V [OH _]
F-1=(|H"|-|OH ||]-&—~- 2.33
[ Hon Vo e
Phuong trinh ¢ biéu thi F - 1 theo [H'] va [OH] va K,. Nhung ta ciing c6 thé
thiét 1ap phuong trinh duong chuin do theo cach twong ty va biéu thi F -1 theo
[H], [OH] va K, 13 hang sb axit cta axit yéu lién hop v6i bazo. Phuong trinh do
nhu sau:

V.+V K
F-1=(|H"|-|OH ||)¥—- a 2.34
([ ] [ ]) c,V, [H*:|+Ka ( )
Pé vé duong dinh phan hodc tinh sai s chi thi ta c6 thé dung phwong trinh
(2.33) hodc (2.34) déu dua dén cing mot két qua.

Ciing twong ty nhu dudng dinh phan don axit yéu bang don bazo manh, dudng
dinh phan don bazo yéu bé“mg don axit manh, thi du: chuan d6 dung dich NH; béng
dung dich chuan HCI c6 nhitng tinh chit twong ty nhau. Déi véi trudong hop nay,
pH & diém tuong duong khong phai 1a 7,0 ma nhé hon 7 va phu thudc vao ndéng do
dung dich bazo can dinh phéan vi dung dich ¢ diém twong dwong 1 dung dich don
axit lién hop véi bazo can dinh phan. Puong dinh phén ciing ¢6 budc nhay pH &
vung diém twong duong va budc nhay ndy ngin hon budc nhay cua duong dinh
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phan don axit manh. Budc nhady dai hay ngan con phu thudc vao cuong do bazo va
nong dJ cua no, bazo cang yéu thi budc nhdy cang ngan, nong do bazo can dinh
phéan cang nho budc nhdy cling cang ngan.

Ta hiy dung phuong trinh (2.34) dé tinh pH tai diém tuong duong va pH budc
nhay (voi qui wdc chuan do thiéu va thira 0,2% luong bazo) khi chuan d6 dung
dich NH3 ¢o6 néng do khac nhau 1 M; 0,1 M; 0,001 M béng dung dich HCI cung
nong do.

Tai diém tuong duong tic 1 khi F = 1, phuong trinh (2.34) dugc don gian hoa
khi bé qua [OH'] canh [H'], K,= Knn,* = 107 canh [H'] va Cy = C nén khi d6 -
tro thanh %tV vataco:

CoVo

2 1
-1=0,nén —(H']=
F ,I’lel'lco[ ]m

pH= 0,5pK, +0,51g2 -0,51g C,
=4,63+0,15-0,51gC, =4,78 -0,51g G,

0—9,25

v:‘a[H*]2=% K,C,

Khi giai phuong trinh (2.34) v6i F -1 =+ 0,002; tirc 1a dau budc nhay ta 6 the
bo qua [OH] canh [ H'] va KNH, " canh [H'] dong thoi thay Vo +V _ 2

c,V, G,

- Khi giai phuong trinh (2.34) voi F — 1 =+ 0,002 ttc 1a cubi budce nhay khi da
du 0,2% luong axit can dé trung hoa NH; ta bo qua sd hang thir 2 trong phuong
trinh d6 va dong thoi bo qua [OH] canh [H'] ¢ s6 hang thtr nhat. Véi sy don gian
d6, sau khi giai ta dugc cac két qua sau:

Nong d6 dung dich NH; (mol/l) | pHy (F = 1) | pH buéc nhay (F - 1 = 0,002)
1,00 4,78 6,55 - 3,00
0,10 5,28 6,55 - 4,00
0,01 5,78 6,56 - 5,00
0,001 6,28 7,16 - 5,97

Dé tinh sai s6 chi thi trudc hét ta ciing tinh pH tai diém tac dung dé don gian
hoa viéc gidi phuong trinh:

. A\ +V K,
S=F—1=([H ]C‘[OH Jc)cJ‘rV —[H*] +K
) c a

Vi du: Tinh sai s6 khi chuan d¢ dung dich NH; 0,1 M bang dung dich HCI
0,1M dung chét chi thi co pT bﬁng a) 5;b) 4,0.
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a) Truong hop két thac chuan d6 khi pH = 5. Ta tinh pH tai diém tuong duong

pHy = 4,78 - 0,51g0,1 = 5,28

Khi pH = 5,0 tic 12 [H] = 10” nén c6 thé bé qua [OH] canh [H'] va bo qua
KNH,* canh [H']. Vi pH nay gan pH tai diém twong duong va vi C = C, nén thay
V.+V 2

cVv, C,

0

s 2 107% 5 10-425 =
S=|10 -(-)——1 - T0° =2.10"°-10"*% = +1,44.107 = 40,0144 %.

b) Truong hop két thiic chuan do khi pH = 4,0. pH nay tuong dbi xa pH diém
tuong duong, nén ta bé qua sé hang thir 2 trong phuong trinh tinh sai s6, bé qua
[OH'] canh [H'] trong s6 hang th{r nhat.

S= 10*.%:@10-3 hoic +0,2%.

d. Puong dinh phdn chudn dé da axit bang bazo manh:

Ta hay thiét Idp dwong dinh phdn chudn do dung dich da axit H-A nong dé méi
la C, bang dung dich chuan ba manh NaOH néng dé C.

Su chuén d6 nay dugc tién hanh theo 2 nic:

H,A + OH - H,0 + HA (a)
HA + OH - H,0+ A™? (b)
Trong truong hop nay ta ciing biéu thi mirc do chuan d6 bang dai luong F véi
dinh nghia:
F= cv
cV

Tuc la phﬁn axit da duge chuan do.

Khi chuan do theo cic nic thir nhat, tirc 13 tién hanh chuan do theo phan tGng
(a) thi tai diém twong dwong thir nhét, ta c6 F = 1. Khi chuan d6 theo nac thir 2, tirc
1a tiép theo phan tmg (b), tai diém twong duong thir 2, ta c6 F = 2.

Trong truong hop chudn do da axit ndy ciing co F - 1 14 sai s6 khi chudn do
theo nic thir 1 va F - 2 14 sai sb chi thi theo néc thir 2.

Ta hay thiét 1ap phuong trinh duong dinh phan theo nac tht nhat.

Ta viét phuong trinh bao toan proton xuat phat tir san pham phan tng (a), tirc 1a

tr HA™ & H,O khi ¢6 mat H,A va da thém vao V ml NaOH.
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LYo rop]- 4]

+V V. +V
CcV-C,V, 1, G K\ K, [HF
—ZW— [OH] [H ]+[A2] [H A] [OH] [H ]+V+V [H’] K[H*]+K X,
Nhan 2 vé ctia phuong trinh trén véi ¥, +V ta dugc:
cV
KK j[H‘]z
Fo1=(on]-[a Ll 25 (2.35)

CYo [HT+K[H T+K K,

Phuong trinh trén 1a phuong trinh bac cao theo [H'] nhung c6 thé dugc don
gian héa trong timg giai doan ciia qua trinh chuan do.

Khi chua chudn 6 V =0, F = 0. Ta b6 qua duoc [OH] va [A*] canh [H,A] nén
(2.35) dugc don gian hoa thanh:

K.C,

2.3
H'+K, (2.36)

[H']=

Khi méi chuan do con xa diém twong dwong tht nhat. [H']; [OH] va [A?]
khong dang ké so voi H,A va HA', phuong trinh (2.35) duoc don gian hoa thanh:

F-1= [fghi}K
[H']=k :F (2.37)

Nhu vay, khi K; >> K, va thuong nhu viy nén ta c6 thé coi H,A nhu don axit
yéu noéng do C, va c¢6 K4 = K, va ta c6 phuong trinh tinh pH cua dung dich dém
cua hé H,A va HA.

Sat diém twong duong thir nhat (budc nhay pH thir nhat cua dudng dinh phan)
ta thuong bod qua dugc [OH] va hai sb hang [H']* (twong tng v6i phan HoA rét
nho chua duge chuan do) va KK, (tvong tng véi lwong A* ciing rit nho do HA”
phan ly ra) trong vé phai ciia (2.35) nén phuong trinh d6 dugc don gian héa thanh:

+V + KI'KZ _[H’T

AR (2.38)

F—l—-[H*]

Tai diém tuong dwong thit nhat, khi F - 1 =0, C.V = C,.V,, phuong trinh (2.38)
tré thanh :
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[H+:|C° +C _ K K, "[H*]Z
C,C K.[H']

<A A A A 4 +
Bién d6i, chuyén vé ta tinhra H':

(2.39)

16n hon nhiéu K, thi c¢6 thé bo qua K, trong mau s6 biéu thuc

z c.C
Néu —2
C,+

trong can cua (2.39) va (2.39) tr¢ thanh:
[H]=JKK, (2.39)

Pé lap phuong trinh dwong dinh phéan cho nic thit hai, ta viét phuong trinh bao
toan proion ciia dung dich xuat phat tir cac san pham ciia phuong trinh chuan do
néc d6 1a A va H,0

[ )+ [Ha ]+ 2[H, 4] 25:/ 7 [OH-]-foV

Y2 Ys [on-]-[H*]-[ Ha ]-2[H,4]

V. +V
+ + 2
o ][] G K[ H 21T ]
VotV | [H] +K[H" ]+ KK,

V,+V

Nhan 2 vé ciia phuong trinh trén véi ta dugc:

0" o

Fo2=(on - [ah e K o2 ] 240)

[H ]+K[ T+ KK,

Phuong trinh (2.40) trén ciing 1a phuong trinh bac 3 theo [H'] nhung trong giai

doan cta qua trinh chuin do né cé thé don gian hoa. Khi dang chuin do nac thu
hai, con xa diém twong duwong tht 2 ta c¢6 thé bé qua duoc [H'], [OH], [A¥] va
[H,A] nén (2.40) dugc don gian hoa thanh:

H*]

F-2=- _[_
[H‘ +K,

va suy ra [H] Kzf If (2.41)
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Phuong trinh (2.41) chinh 1a phuong trinh tinh pH cta dung dich h¢ dém HA
va A% trong biéu thuc (2.41), 2- F, ung voi néng dd HA’ con lai chua bi trung hoa.
Con 1-F tng v&i néng d6 phan HA™ bi trung hoa thanh A*. O sat diém tuong
duong thtr 2 ta ¢ thé bo qua duge [OHT], [H,A], [HA] nén phuong trinh dudng
dinh phan con la:

e
F-2=[OH" ]V+V [H[ ]+]1< (2.42)

Tai diém twong duong thr 2, F=2, CV =2C,.V,, 2C0C G V,,; 4 nén:
[on- ]2C rc_ [#] (2.43)

[H*:IJrK2

Tuy theo gia tri cia K, so v6i nong d6 ion H' diém twong duong (gia tri H'
thuong 16n hon 107) ma phuong trinh trén con don gian hda hon nita. Sau diém
trong duong ngoai budc nhay khi du OH, ta bd qua su thiy phan cua A, tac 1a
b6 qua s hang thir hai vé phai phuong trinh (2.35) nén phuong trinh chi con:

V.+V 107" V,+V (2.44)
l | Cl 0

Vi du: v& duong dinh phan chuan d6 dung dich H,C,0, 0,1M bang dung dich
NaOH O,IM, H2C204 co pK1 = 1,25 va pKz = 4,27

Pé vé duong phan dinh hay tinh pH khi F = 0,5; 0,9; 1,00, 1,1; 1,5; 1996; 2,00
va 2,004; 2,5.

F- 1_[0H]

Ap dung cong thirc trén ddy, tinh pH tai cac diém cta duong dinh phén ta duoc
cac két qua sau day:

F 0,51 0,9 | 1,00 | 1,10 | 1,50 | 1,996 | 2,00 | 2,004 | 2,5
pH | 1,15] 2,2 | 2,76 |3,32| 3,27 | 6,67 |835| 9,97 | 12,16

Nhan xét: axit oxalic ¢6 pK; kha nho tic 1a K, kha 16n, K; va K, khong 16n hon
nhau nhiéu nén khi chuin d6 budc nhay ¢ diém twong dwong thir nhat hau nhu
khong co, chi ¢ budc nhay ¢ diém twong dwong thtr hai nhu khi chuan d6 axit
axetic cung nong do. Vi vay, khi chuan do axit oxalic ta chi chuan d6 theo nac thir
2 va c6 thé dung cac chét chi thi ¢c6 pT nam trong khoang pH tir 7,0 dén khoang
gan 10.
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1 /

+ 7T . //

i ’/
e

1 1-35 2 2.s F

Hinh2.3. DPudong dinh phan dung dich H,C,0, 0,1M
bang dung dich chuin NaOH 0,1M.

e. Dinh phdn da bazo bang don axit manh:

Chung ta xét truong hop cu thé: dinh phan dung dich CO;> mot tia bazo rat
thuong gip trong thuc té. Vi du: phai chuan do dung dich (Vo ml) Na,CO; ndng do
C, bang dung dich chuan HCI ndng d6 méi C. Phuong trinh dudng dinh phan:

Chuén d6 CO5* theo nic thr nhit:

CO.* + H* = HCO;

Pé thiét 1ap phuong trinh dudng dinh phan va phuong trinh sai so chi thi ta
cling viét phuong trinh bao toan proton xuat phat tir san phdm phan tng 13 HCO;
va Hzo

Ta cling dat F = V

00

[} -

cv-C,V, +|_ -4 _lrn2-
—V;V—=IH |-lo-|+[#,c0,]-|cor ]

+[H co,)=[or]+[cor]-Lete

Nhén 2 vé cta phuong trinh trén véi Vé+ 4 ,

o o

V4V, (2] -K K,
G, [H] +K.[H']+K K,

cv-C,V,

o7 = F-1=(H"]-[OH ])=2

(2-45)

Phuong trinh trén 14 phuong trinh tong quat, nd ciing dugc don gian hoa trong
ting giai doan ctia qua trinh chuan do.

- Khi chua chuan do F = 0, ta bo qua duoc [H] canh [OHT], [H,CO;] canh
[CO5>] nén (2.45) duoc don gian hoa thanh:
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[OH‘]_ K, o 107 K,
[H]+k, c[H] [H*]+K

Tt phuong trinh trén suy ra:

K,. 10"“
[H ]— o (2.46)

Tai viing gan diém tuong dwong, cac gia tri [H'] va [OH] khong dang ké so voi
[HCO5] va [CO;”] nén phuong trinh (2.45) dugc don gian hoa thanh:
[H] -k.K,
K.[H"]
Tai diém tuong duong thir nhat, F - 1 = 0, phuong trinh (2.47) tro thanh:

[HT?=K,.K, (2.48)
pH = 0,5 (pK, + pK,) = 0,5(6,35 + 10,32) = 8,35.

F-1= (2.47)

Khi chuén do tiép tuc theo néc tht hai:
HCO, + H*=CO, + H,0

Pé thiét 1ap phuong trinh dudng dinh phén ta ciing ¢ thé viét phuong trinh bao
toan proion cta dung dich xuat phat tir san pham cta phan ung 1a CO, + H,O hoic
14y phuong trinh F - 1 - 1, phuong trinh cudi cung thu duoc:

Vo4V K[H']+2K K,

F-2=(H"]-[oH :l) C.V [H+]2+Kl,|:H*]+K,-Kz_

(2.49)

Tai ving sat diém twong dwong thtr 2 phwong trinh (2.49) duoc gian hoa thanh:

20 +C K
2=[H] ettt & 2.50
[H] CcC [H‘]+ K, (2.50)

Vi du 1: Tinh sai s6 chi thi khi chuan d6 dung dich Na,CO; 0,1M bang dung
dich HCI 0,1 M. Theo nac thir nhat khi ding chat chi thi c6 pT = 9.

Ap dung phuong trinh (2.47) dé tinh F - 1 tai diém pH = 9 ta duoc S = - 0 0477
tire 14 sai s6 bang -4,77%.

Vi du 2: Tinh sai s6 chi thi khi dung chat chi thi c6 pT = 4 dé nhan ra diém
twong duong khi chuan do dung dich Na,CO; 0,1M bing dung dich chuan HCI
0,1M. Gia thiét 1a toan bd CO, con lai trong dung dich.

Dé tinh sai sb ta dung phuong trinh (2.50) dé tinh F - 2. Khi thay [H'] = 10", C
=C, = 0,1 vao ta tinh duoc:
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F-2=-0,00146 =-0,0015.

F-2 T S
S= — = -0,00075 tirc la sai sO thiéu 0,075%.

Vi du 3: Can thém bao nhiéu ml dung dich HCI 0,05M vao 20 ml dung dich
Na,CO5 0,1M dé pH cua dung dich thu duoc bang a) 9,0 va b) 5,0. (Gia sur khi pH
bang 5,0 toan bo khi CO, con lai trong dung dich.) ¢) khi pH = 5,0 dem dun soi
dung dich dé luong CO, trong dung dich khong dang ké thi pH cta dung dich bang
bao nhiéu va khi thém tiép HC1 0,1M thi can thém tiép bao nhiéu ml HCI vao dé
pH ctia dung dich = 4,0. Gia sir luc nay ndong d6 CO, ciing khong dang ké.

a) Goi thé tich dung dich HCI can thém vao dé pH cta dung dich thu duoc bang
9,0 1a V. PBé tinh V ta dung phuong trinh (2.47):

cv _1=|:H+:|2 -K K,

F-1= CV K.[H]

Thay C,=0,1; [H]=10"; K, = 10%%, K, = 10", C = 0,05 vao phuong trinh
trén, giai ra dugc V = 38,09 ml.

b) Ciing str dung phuong trinh trén va thay cac dai luong vao nhung véi [Hi] =
107 rdi giai thi ta duoc V = 78,48 ml.

¢) Néu khi thém HCI vao dén pH = 5, ta dun séi dung dich dé loai CO, khoi
dung dich thi pH cua dung dich 1a pH cua HCOj3™ con lai chua dugc chuin do hét
theo nic thr hai. pH cua dung dich d6 gan bang 0,5 (pK; + pK») = 8,35, tirc 1a pH
lai tang 1én.

Sau khi dun s6i dung dich & pH bang 5 néu ta tiép tuc chuan do va gia sir CO,
van khong dang ké, vi du do ta lac manh dung dich khi tiép tuc chuan do thi c6 thé
xem nhu chuan d6 bazo manh va ta dung phuong trinh:

F-2=[H12
Cv'Vo
0,05V ' \ T —
Thay F = 0_1__26;[]{*]:10*‘; V,=20 vao, ta giai dugc: V = 80,20 ml.
,1x

Vay sau khi thém HCI vao dén pH = 5, loai CO,, ta can thém tiép vao 80,20 ml
-78,48 = 1,72 ml HCI 0,05 M thi pH = ctia dung dich bang 4,0.

g. Dinh phdn hon hop axit va hon hop bazo.

Trong thyc tién ta thuong gip nhiéu truong hop phai xac dinh nong do timg
axit hodc timg bazo trong cac hdn hop ctia chung. C6 rat nhiéu hdn hop axit hodc
bazo nhung khong c6 nhiéu truong hop co thé chuin do lan luot ting axit bang

dung dich chuén bazo manh hodc chuén d6 lan luot tung bazo béng thi Fluorexein
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vao dung dich Clorua can chuan d6 thi trudc diém twong duong AgCl do hip phu
ion CI tich dién 4m nén cac hat két tia khong hap phu mudn FInd cta chat chi thi.
Nhung ngay sau diém twong duwong cac hat két tia AgCl do hip phu cation Ag”
tich dién duong s& hap phu mudn ciia chat chi thi n6 bién dang va d6i mau lyuc sang
mau hdéng. Chit chi thi ndy 1a mot axit hitu co yéu c6 pK, = 8 nén pH cua dung
dich phan tich phai 16n hon hay bang 6,5. FInd” phén ly ra di 1am chét chi thi d6i
mau rd rét nhung pH cua dung dich phén tich khong dugc vuot qua 10 vi két tua
Ag,0 mau den hinh thanh s& ngin can viéc nhan ra diém cudi. Néu thay
Fluorexein bang eoxin (Tetrapromo - Fluorexein) 1a axit manh hon Fluorexein thi
6 thé dung chét chi thi nay dé chuin d6 brommua, iodua va thioxianat tai nhirng
pH thap hon (pH = 2-4). Tuy vdy, ta khong thé dung eoxin lam chat chi thi dé
chuan do clorua vi muén ciia chat chi thi nay c6 thé day CI bi hap thu yéu hon ra
khoi két tha ngay khi con nhiéu clorua trong dung dich. Khi dung cac chat chi thi
hap phu ndng d6 cac halogenua phai nam trong khoang 0,005 - 0,25M vi néu dung
dich phén tich loing qué thi sy chuyén mau ciia chat chi thi khong ro rang néu
dung dich khac dic thi két tiia bac halogenua dé von cuc & gan diém tuong duong
1am giam hiéu ing hap phu gay kho khin cho sy chuyén mau cta chét chi thi.

c) Phuwong phap Volhard

Nha héa hoc nguoi Puc Jacob Volhard dé nghi dung dung dich chira ion Fe
(II1) 1am chat chi thi dé chuan d6 16n Ag" bang dung dich thioxianat SCN". Khi
chuén d6 hét bac, ngay sau diém tvong duong luong du rat nhé ion SCN” ctia dung
dich chuan tao véi ion Fe’” mot phirc mau d6 mau Fe(SCN)** 1am trung dich c6
mau hong da cam trén két tua tring AgSCN. Uu diém cia phuong phap 1a tién
hanh chuan d6 dugc trong dung mdi axit manh. Can mdi trudng axit dé chéng su
thity phan ctia ion Fe’*. Phuong phap nay duoc ap dung dé chuin d6 nguoc mudn
CI' va Br’. Pé xac dinh CI" ngudi ta thém vao dung dich phén tich luong du dung
dich chuan AgNO; di biét trude nong d6. Loc bo két tia AgCl rdi chuan do lugng
Ag’ con lai bang dung dich chuén thioxianat véi chi thi 1a phén sit hoa tri II1. Dé
dinh phan bo sau khi thém lugng du dung dich chuin AgNO; khong can loc bo két
tia AgBr vi do tan ctia AgBr nho hon do tan cia AgSCN ma két tia ngay trong
dung dich phan tich r6i chuan d¢ luong 16n Ag” bang dung dich chuan SCN” véi
chét chi thi sit héa tri 1L

2.2.4. Phwong phap chuin dj oxi héa - khir

Trong cac phuong phap chuan d6 oxi hoa - khir ngudi ta thuong tién hanh phan
tmg chuan d6 1a phan tGng trao d6i electron gitta dung dich chuan chira chit oxi hoa
(hodc khir) véi dung dich phan tich chtra chat khir (hodc chat oxi hoa). Pé nhan ra
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diém twong duong cua phan tng chuan do ngudi ta ciing dung cc cht chi thi.

[(%-%)]c

V.

o

C = CH,PO,, =

Pé tinh sai so chi thi khi chuan d6 hdn hop céc axit da bazo nhu truong hop
nay, cach tot nhat, it bi nham 13n khi tinh toan 1a dua vao thé tich dung dich chuan
g véi diém cudi va diém tuong duong.

Néu goi V, va Vi 1a thé tich dung dich chuan tGng voi diém cubi va diém tuong
duong thi sai s6 (twong ddi) chi thi la:

Va

Vi du 1: Can phai thém bao nhiéu ml dung dich chuan NaOH 0,05M vao 20 ml
dung dich hdn hop HC1 0,05M + H;PO,4 0,1M dé tinh pH cta dung dich hdn hop
thu duoc bang a) 4,0 va b) 9,0. Tir d6 tinh sai s6 chi thi d6i voi mdi chat HCI va
H;PO, khi chuan d6 hon hop ciia chiing bang dung dich NaOH 0,05M dung chat
chi thi c6 pT =4, pT =9 va tinh nong do mdi axit nhu trén da trinh bay.

Dit V, 1a thé tich dung dich hdn hop hai axit (20ml), V, va V, 1a thé tich dung
dich thém vao lan luot dé duoc pH =4; pH =9. Co 13 ndng d6 méi cia dung dich
HCI (0,05M), C,’ 1a néng do méi ciia HyPO4 (0,1M) va C 1a ndng do dung dich
chuan NaOH (0,05M).

a) Tinh thé tich V, ctia dung dich NaOH can thém vao dé pH = 4, phuong trinh
bao toan proton Xuat phat tir H,O va H,PO,:

[H*]—%—ﬂHf@]—% =[oH"]- VCIIV, +[ HPO} |+2[ PO} ]

0 1 o 1 0

Tai pH = 4 ta bd qua dugc [OH'], [HPO4*], [PO,’] trong phuong trinh trén, sau
khi don gian héa phuong trinh, thay cac ndng do can bang ciia chung bang cac biéu
thirc theo K va [H'] don gian hoa bang cach bo cac sd hang bé bén canh cac sb
hang 16n, thay céc gia tri bang sd ciia cac dai lugng d6, giai phuong trinh ta tim
duoc V;=159,43 ml.

b) Tinh thé tich V, can thém vao dé pH cta hdn hop bang 9,0: Phuong trinh
bao toan proton Xuat phat tir H,O va HPO,*:

+[PO}']

[H*]——%’%+2[H3P04]— ¥ \[1,po;]=[on"]-—22
o 2 4

V,+, v+,

0

Khi pH = 9, ta c6 thé bd qua cac gia trj ndng d6 [H'], [H;PO4], [PO4"] trong
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phuong trinh trén. Gidi phuong trinh do, sau khi da dugc don gian hoa céac dai
lugng nho bén canh cac dai luong 16n ta duge V, = 99,37 ml.

Nhu vy néu chuin d6 H;PO, theo mot nac dya vao sy doi mau ciia cac chat
chi thi c6 pT =4, pT = 9 thi thé tich theo thuc nghiém la V, = 99,37 - 59,43 =
39,94 ml. Theo d4u bai, vi ndng do cua H;PO, = 2 1an nong d6 NaOH nén thé tich
NaOH tng véi diém tuong duong khi chuan d6 theo mot nac 1a 20x2 = 40,00ml.
Do d6 sai s6 ddi vai HiPO, 1a:

_40,00-39,94
40,00

%S x100 =-0,15%

Thé tich tng véi diém cudi khi chudn do HCI 1a: 59,43 - 39,94 = 19,49(ml). Vi
ndéng do ciia HCI va NaOH bang nhau nén thé tich NaOH chuan d6 HCI tng véi
diém twong duong 1a 20,00ml. Sai s6 ddi v6i nong do HCI 1a:

_19,49-20,00
20,00

%S x100 =-2,55%

Trong phan trén (2.48) ching ta biét rang co thé chuan d6 da bazo Na,COs
bang dung dich chuan HCI dung 2 chét chi thi 1 phenolphtalein (v6i diém twong
duong thir nhat) va metyl da cam (v&i diém tuong duong thir hai). Vi vay, ta ciing
c6 thé chuan d6 dung dich hdn hop NaOH va Na,CO; bang dung dich chuian HCI,
hai chit chi thi d6 twong tu nhu chuan do dung dich hén hop HCI + HsPO, biang
dung dich chuan NaOH d trinh bay trong phan trén. Khi phenolphtanein d6i mau
ta dd chuan do NaOH va nac tht nhét cta Na,CO:;.

NaOH + HCl = NaCl + H,0O
Na,CO; + HCl = NaHCO, + NaCl

Khi metyl da cam doi mau, ta da chuin do Na,COs, theo nac th 2:

NaHCO; + HCl = Na(Cl + H,0 + CO,

Dt thé tich dung dich hon hop hai bazo trén 1a V,, néng do dung dich chuan
HCI 14 C, thé tich dung dich HCI khi phenolphtalein d6i mau 13 V, khi metyl da
cam doi mau 13 V,, thé tich dung dich HCI dung dé chuin d6 mot nac ctia Na,COs
1a V, — V; (Céc thé tich d6 dugce tinh tir diém 0 ctia buret). Thé tich HCI chuan d6
NaOH 1a V| - (Vo — V) =2V, - V,. Do d6 biéu thirc tinh ndng d6 ting chat l:

I A _2(h-K)C
NaOH = v, ’ Na,CO, — v,

Vi du 2: Can thém bao nhiéu ml dung dich cho 0,05M vao 100ml dung dich
hdn hop NaOH 0,1M + NaHCO; 0,02M dé pH cua dung dich hdn hop thu duoc
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bang a) 9,0 va b) 4,0. biét H,CO; c¢6 pK; = 6,35; pK, = 10,3.

Pit thé tich dung dich hai bazo 1a V,, nong d6 HCI 1a C, thé tich dung dich
chuan HCI thém vao dé pH dat duogc 9,0 1a V,, dé dat duoc pH=41a V, (V|, V,
tiéu duoc tinh tir diém cua buret). Nong d6 cua NaOH trong hdn hop 1a C,, cua
Na,COs 1a C, .

a) Tinh thé tich HCI can thém vao dé pH = 9,0.
Phuong trinh bao toan proton xuat phat tir H,O va HCO5:

coz"]——-c'o 7,

a
- @)

[H+ VCV [

Khi [H] = 107, ta bo qua dugc [H+], [H,COs], [OH'] dung phuong trinh trén,
nén no chi con:

Ch __Cct,

V +V Vo +V

.7,

a,
o @)

+[co;

. q_CV, K
ver [CQZ]‘V +V, [H+]2+K

Thay gia tri cia cac dai luong vao cac phuong trinh (a’) gidi ra ta tinh duoc
V;=238,1 mlL

b) Tinh thé tich V, bing bao nhiéu ml dé pH cuia dung dich bang 4,0.

Phuong trinh bao toan proion Xuét phat tir H,O va H,COs:

()35 =o)L s hcos ]+2([002] 5””/) (b)

O dung dich [H] = 10, thi phwong trinh (b) dugc don gian héa khi bé qua
[OH], [CO;™] thanh:

[H ] _ G S, K,
V+V v+, V,+V,[H |+K, "V, +V,

(’)

Sau khi thay cac gia tri da biét vao phuong trinh trén (b), giai ra ta duoc
V,=279,64 ml.

Nhu vay thé tich HCI dung dé chuan do 1 nic ctia Na,CO; la:

279,64 - 238,1 = 41,54 ml.

Nong d6 cua dung dich Na,COs 1a AL34x0.05 0,0208M

100
0,0208 - 0,02

Saiso la: %S= =0,0385 hay 3,85%.
0,02
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Thé tich dung dich chuan HCI ding dé chuan d6 NaOH 1a

238,1 - 41,5 =196,56.
196,56x 0,05

Nong d6 cua dung dich NaOH 1a 100 =0,09828M
sai s6 13: %S =%’3‘62’1‘—:E= ~0,0172 hay -1,72%.

Bang phuong phap twong tu, chung ta c6 thé chuan do dung dich hdn hop
NaOH + Na;PO, bang dung dich chuin HCI dung hai chat chi thi 1a phenolphtalein
(khi da chuén dd toan by NaOH va Na;PO,4 thanh Na,HPO,) va metyl da cam (khi
chuan do Na,HPO, thanh NaH,PO,).

2.2.2. Phwong phap chuan dd tao phirc

Céac phuong phap chuan d6 tao phirc dya trén phan tmg tao phiic ciia cac chat.
Trong phén tich thé tich, ngudi ta thuong dung cic phuong phap chuan do tao
phuc sau day:

Phirong phdp thity ngan II. Phuong phap nay dua trén phan tng tao phirc bén
giita con Hg*" v6i cac anion clorua, bromua, iodua va xianua. Thi du:

Hg*?*+ CIT <= HgCl*
HeCl* + CI' = HgCl,
Hg? +41 = Hgl?

Phuwong phdp bac: Phuong phap nay dya trén phan ung tao phuc cla ion Ag’
va ion xianua.

Agt+2CN < Ag(CN);

Phuwong phap complexon: Phuong phap nay dua trén phan tng tao phuc cua
cac ion kim loai véi nhom thude thir hitu co ¢ tén chung 12 complexon nhu da néi
trong chuong 3 & trén.

Complexon 13 nhitng dan xuét cta axit aminopolycacboxilic. Trong sd cac
thudc thir d6 thi complexon III (mudi dinatri cta axit etylendiamin - tetraaxetic) 1a
hop chit duoc str dung phd bién nhat. Cac complexon néi chung va complexon m
ndi riéng tao phirc bén véi hang chuc ion kim loai. Cac phan tmg tao phirc nay thoa
mén cac diéu kién cua cac phan Gng dung trong phén tich, do d6, ngay nay phuong
phap complexon 1a phuong phap dugc st dung rong rii nhat trong phan tich thé
tich. Trong churong nay ching ta dé cap chu yéu dén phuong phap chuan do nay.

O phan nay ching ta xét phuong phap chuin d6 dung dung dich complexon III
lam dung dich chuan.

116



2.2.2.1. Chiit chi thi trong phwong phdp complexon

Pé xac dinh diém twong duong ciia phuong phap chuan do complexon, ngudi
ta dung mot sb loai chat chi thi, loai chat chi thi duoc sir dung nhiéu nhat (c6 t6i
hang chuc chit khac nhau) dugc goi la cht chi thi mau kim loai. O day chung ta
chi xét loai chat nay.

Céc chét chi thi mau kim loai 1a nhirng chit mau hiru co ¢6 kha nang tao véi
cac ion kim loai phirc cang cua c6 mau va trong nhitng diéu kién xac dinh mau cua
phtrc d6 khac vdi mau cua chét chi thi tu do. Cac chét chi thi mau kim loai thuong
1a nhitng axit hitu co yéu hodc bazo yéu, phan tr ctia ching chtra nhitng nhém
mang mau va tro mau nén ciing 1a nhitng chat chi thi pH. Do dic diém ké trén mau
ctia chat chi thi loai nay bién doi theo pM (pM = - 1g[Mn']) va theo pH cua dung
dich.

Khi chon chét chi thi cho sy chuan d6 mot ion kim loai nao do6 béng phuong
phap complexon, ngudi ta phai chon pH thich hop (bang cach dung cac dung dich
dém thich hop) dé phan tng tao complexonnat kim loai xay ra hoan toan, chét chi
thi tu do va phuc cua chét chi thi v&i ion kim loai phai c6 mau khac nhau, dé phan
biét va su d6i mau cta chét chi thi phai xay ra & rat gan diém tuong duong, d6 bén
ctia phtrc giita kim loai vdi Complexon bén hon véi chi thi.

Khoang d6i mau cua chét chi thi mau kim loai 1a khoang tim trong d6 c6 thé
xay ra sy bién d6i mau cia chat chi thi.

Gia str Ind 1a dang cua chét chi thi tao v&i ion kim loai phtrc mau. Dua vao cén
bang:

M + Ind = MInd
ta c6 thé tinh duoc khoang d6i mau ctia chét chi thi (¢ day dé don gian hoa trong
can bang trén ta khong viét dién tich cta cac ion). Thi du, xét truong hop cua ion
Mg* va chét chi thi Eriocrom den T (thuong duoc viét tit ET - 00).

ET - 00 la da axit yéu, ta ky hi¢u HsInd, anion Ind> ¢6 mau da cam, tao ion
Mg*" phirc chat c6 mau do:

Mg?* + Ind>* = MgInd (a)

da cam do
Hang s6 khong bén ctia phtrc do:

ol

=107 (2.51)
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Ion Ind® con phan ung véi ion H™ tao thanh nhimg dang axit c6 mau khac

nhau:
Ind* + H* = HInd* pK;=11,5 )
da cam xanh
HInd* + H* = H,Ind pK,=6,30 (©)
xanh do

Pit Ind” 13 néng do cia cac dang cua chat chi thi khong lién két voi ion kim
loai dung dich, ttrc 1a:

[Ind’] = [Ind*] + [HInd*] + [H,Ind] (2.52)
Hing sb khong bén diéu kién cua phurc gitta Mg”” va ET- 00 la:

K’ = [Mg“][]nd |

= [Mglnd"] (2.53)
Tt biéu thirc cac hang sé can bang (b) va (¢), ta suy ra:
(ind] = tng*] + L 1], [ T T
K, K, K,
+ +?
= [nd] [“[111_3]*[?1{%1‘} = [nd™] % (2.54)
Tur (2.53) va (2.54), suy ra:
Mg* || Ind*
k=L lngg]I';:u:'] ]a,”d(,,) = Kty (2.55)
va [Mg“] =K '%:—I (2.56).
Mglnd~
pMg = -1g[Mg*"] = pK’ -~ Ig [vetns”] [iz 7 ]
pMg = pK’ — 1g Fmac) - 1g|:11/[—glmf—:I | (2.56a)

[Ind"]

Nhu vay tng voi mdi gia tri cta ting, tai pH xéac dinh, ti s6 [MgInd}/[Ind>] ¢
gi4 tri xac dinh. Mau sic cua dung dich phu thudc vao ti sé d6. Ta phan biét mau
ctia mot trong hai dang khi nong do cua nd 16n hon dang kia mét s6 1an (thong
thuong khoang 10 1an). Va trong truong hop nay khoang d6i mau cua chit chi thi
1a pK = 1, khi pM > pK + 1 dung dich c6 mau ctia chét chi thi ty do khi pM < pK-1
dung dich ¢c6 mau cua phuc Mglnd. Mau sdc cua chat chi thi tu do con phu thudc

118



vao pH cua dung dich, khi pH < pK, chét chi ton tai trong dung dich chu yéu duéi
dang HyInd mau dé. Khi pK,<PH<pK; chét chi thi ton tai chu yéu trong dung dich
dudi dang HInd> mau xanh va khi pH > pK; chat chi thi trong dung dich ton tai
chu yéu duéi dang Ind® mau da cam.

Dya vao phuong trinh (2.56) ta c6 thé vé duoc gian dd su phu thudc cua
khoang d6i mau cua chat chi thi vao pH cta dung dich. Trén hinh 2.4 1a gian d6 d6
dbi voi truong hop ET - 00 - Mg,

Ciing nhu trong phuwong phép trung hoa dé chon chat chi thi thich hop cho su
chuan do mét ion kim loai nao dé, trong phuong phap complexon nguoi ta ciing
dua vao duong dinh phan hodc viéc tinh sai s6 chi thi.

Trén hinh 2.4 1a gian do biéu dién su phu thudc khoang doi mau cta ET - 00
d6i voi ion Mg®* va pH ciia dung dich. Dya vao d6 thi nay va dudng dinh phan khi
chuan d6 magié ta théiy duoc viée chon diéu kién nhu thé nao (chon pH dung dich
nhu thé nao) dé khoang d6i mau nam trong budc nhay cta duong dinh phén.

100
3 Ind*
- de HInd*
pMg H,Ind do A-dacam
xanh et
50 -
P e
,
, -
’ 'f
/
] 1/ ! 1 ) 3 1
2 4 8 10 12 14

Hinh 2.4. Khoang d6i mau ciia ET-00 phu thudc vao pH dung dich

2.2.2.2. Dwong dinh phan trong phwong phap complexon

Gia str chuan do V, ml dung dich mudi kim loai c6 nong do méi 1a C, biang
dung dich complexon III ¢6 ndong d6 méi 1a C. Puong dinh phan 1a duong biéu
dién sy bién thién cua phi theo phan chuan do F, pM = f (F) trong d6 ciing nhu &
cac chuong trude, pM = -1g[M] va F = CV/C,V, 1a muc do lugng ion kim loai da
duoc chuan d6 hay 1a phan 16n kim loai d tao phirc v6i complexon. Ta hiy thiét
1ap phuong trinh cua dudng dinh phan.

Trong qué trinh chudn dé trong dung dich c6 cac can bing sau:

- Can bang tao phic gitta Y* va ion M™ (dé don gian ta khong viét dién tich
cua cac ion):
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M+Y = MY
- Céc can bang cua 4 nac phan ly coa axit HyY:
Y* + H* = HY*
HY*+ H* = H,Y*
H,Y* + H' &= H,Y
H,Y+H" = H,Y
- Céc can bang tao phirc phu cia M™ véi cac ion khac co trong dung dich nhu
v6i ion OH™ hodc 1a mot thanh phan cua dung dich dém (NH;).
M+ OH = MOH
MOH + OH" = M(OH),
Goi [M']va[Y'] la téng cac néng do can béng cua cac dang cua ion kim loai M

va ctia EDTA trir phirc MY gitta M va Y. Dé tinh [M'] theo F ta dung cac phuong
trinh sau:

[M7]
T kel (a)
[M[Y]
> —_ C()'Vo
M’] + [MY] = VA (b)
: e
[Y']+ [MY] Vv (c)
. CV-CV.

A _ z LS N =¥ "9 lo d
Ldy (c)—(b), taco [Y'] - [M’] vy (d)
S 4 \ N . A £ o Vo+V

buaF = CV vao (d) bang cach nhan 2 vé cia (d) vdi A
ta dugc: ([Y']-[M"]) VotV g hoic:
C.v, e
LA V3 | LAy . (2.57)
ﬂ'[M '] C()'l/a

Phuong trinh (2.57) 1a phuong trinh duong dinh phéan khi chuan d¢ 16n kim loai
M bang dung dich chuan EDTA. Bang phuong trinh d6 ta c6 thé tinh chinh xac M’
theo F tir do suy ra theo cong thuc:

vy = 1

ay

rdi tir cac gia tri ctia F va [M] tuong Gng ta v& dudng dinh phan. Phuong trinh d6 1a
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phuong trinh bac 2, nhung né c¢6 thé duoc don gian hoa trong ting giai doan cua
qua trinh chuan do:

- Trudce va tuong ddi xa diém twong duong, néu B’ kha 16n. [Y'] s& khong dang
ké canh [M'], phuong trinh (2.57) dwgc don gian héa thanh:

[M ]V +V “1-F
V,+V
[M]=0-F) c; (2.58)
- Tai diém tuong duong F = 1, vay: [Y'] = [M’] hodc:
~[p]
V + V
M'
g~
[M’] rat nho so véi oo , nén c6 thé bo qua, vay:
C,V,
2.5
[M']= (V +V) B 2.59)

- Sau va tuong ddi xa diém tuong duong [M'] khong dang ké so véi [Y’] vi khi
do c6 du complexon trong dung dich, nén:

ret’ o po
G,
Cn‘V; _[ v]
Hoic: VotV .V"+V=F—1
ﬂl[M'] Co'I/o

Vi M’ rat nho so véi f{"V phuong trinh trén dugc don gian hoa thanh
1 . 1
————=F-1hoidc [M'|=
ﬁ'[M'] . [ ] ﬂ'(F—l)
Ngay sat trudc va sau diém twong dwong khi 0,999 < F < 1,001; thi [M'] va
[Y'] xap xi nhau, nén phai dung phuong trinh day du (2.57). Trong trudng hop nay

(2.60)

c6 thé khong ké [M'] so véi  _Cole , néntaco:
v, +V

1 qa Vv B
____E[M']—[M ! a7 =F-1 (2.61)

Céch tinh B' xin xem céc chuong trudec.

Thi du: v& dudng dinh phan khi chuan d6 100 ml dung dich mubi Mg*" 0,01M
dugce dém bang hdn hop dém NH; + NH,CI1 dé giir pH = 10 bang dung dich EDTA

121



0,01M. Phtrc Mg* v6i EDTA ¢6 = 10",
Trong dung dich nay c6 ion Mg>" thyc té chi tao phirc voi EDTA do d6 hang sb
bén diéu kién cua phuc la:

D)

B =By —
[Mg ][Y] Qyny

trong do: Pumgey = 1037 va

w] (] [w] _[#]

K, KK, KKK, K.KLKLK,

Xyy = 1+

Thay [H'] = 10" vao biéu thirc trén ta duge a,gy= 10"*. Tir d6 tinh dugc B’ =
10%. Ap dung cac cong thirc tir (2.58) dén (2.61) dé tinh phia ta duoc cac két qua
sau:

Thé tich
EDTA F |Mg2+| pMg | V(ml) | F | Mg2+ | pMg
(ml)

25,00 0,25 | 10** | 2,2 | 100,10 | 1,001 | 10>" | 5,10
50,00 0,50 | 10>* | 248 | 101,00 | 1,01 | 10™7 | 5,70
75,00 0,75 | 10*® | 2,85 | 110,00 | 1,10 | 10®*" | 6,70
90,00 0,90 | 10**® | 3,28 | 125,00 | 1,25 | 10™'° | 7.10
99.00 | 0,99 | 10*° | 430 | 150,00 | 1,50 | 107* | 7,40
99.90 |0,999 | 10*”° | 4,94
100,00 | 1,00 | 10> | 5,00

Hinh 2.5. la dwong dinh phén vé theo cdc so liéu ciia bing trén.

Qua duong dinh phan chung ta thiy rang trudc va sau diém tuong duong pMg
ting chaim nhung ¢ vung diém twong duong tung ting nhanh tao nén budc nhay &
diém twong duong trén dudng dinh phan. khi F tang tir 0,99 — 1,00 va tir 1,00-1,01,
tac 1a 1 % thi pMg 0,7 don vi. Budc nhdy cua duong dinh phan phu thudc vao
nong do dung dich chuan EDTA va hang s6 bén diéu kién cta phirc gitta EDTA va
ion kim loai. Khi céc dai lugng d6 cang 16n thi budc nhdy cia duong dinh phéan
cang dai.
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8-0 .
pMg

60

450 I~

0 02 06 150 1.4 1-8
Hinh 2.5. Pwong dinh phén khi chuin d$ dung dich Mg®* 0,01M

Thi du: Néu quy udc bude nhay 13 hiéu pMg khi F ting tir 0,99 - 1,01 thi budc
nhay khi chuan d6 Mg”>" 0,0IM & pH bang 10 bang dung dich EDTA cing ndng
do 1a 1,4 don vi pMg, budc nhay khi chuan do dung dich 0,1M ciling & pH dé béng
dung dich EDTA cing nong do 1 2,4 don vi pMg. Hang s6 bén diéu kién phu
thudc vao pH cua dung dich. Thi du ddi v6i ion Mg®" khi ting pH néu hang sé bén
diéu kién cang 16n thi budc nhay cang dai. Dya vao duong dinh phan va gian d6
d6i mau cua chét chi thi d6 cho viéc chuan d6 mot ton kim loai bang EDTA. Thi
du theo gian d6 24 tai pH bang 10 chét chi thi ET - 00 d6i mau trong khoang ting
tir 4,3 - 5,7; khoang d6 nam trong budc nhay cua dudng dinh phan cua cac dung
dich Mg (1) 0,1 M va 0,01 M bang dung dich chuan EDTA cung néng do.

2.2.2.3. Mt s6 chit chi thi quan trong ding trong cdc phwong phdp chuin dé
complexon

Ngay nay nguoi ta di tong hop duoc hang chyc thude thir hitu co 1am chét chi
thi mau kim loai trong chuan do complexon. Sau day la mot s6 chét chi thi quan
trong nhat duoc sir dung rong rai trong cac phong thi nghiém phan tich vi sé luong
cac chat chi thi rat nhiéu, nén tinh phd bién cua cac phwong phap chuin do
complexon ngdy cang dugc mé rong va ngudi ta ndi cac phuong phap chuan do
complexon la hat nhan ctia phan tich thé tich hién dai.

Eriocrom den T (ET- 00)

D6 1a mubi natri cta axit (1-oxi -2 -naphtylazo)-6-nitro-2-naphtol-4- sunfonic.
Cong thuce cAu tao cua chat chi thj 1a:
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H,0._ _OH,
o— M 0

—0,8 N=N — 0,8

Cong thitc clia ET - 00 Cong thirc phitc MInd

ET - 00 1a chat mau, chét chi thi ty do c6 mau khac nhau phu thudc pH cua
dung dich hoa tan n6. Chat chi thi 14 da axit HsInd. Khi pH = 6 chat chi thi c6 mau
d6 nho, trong dung dich c6 pH nam trong khoang 7 - 11 né ¢6 mau xanh biéc, khi
pH = 11,5 n6 c6 mau dé da cam. Vi HsInd c6 pK,; =6,3; pK, =11,5 5.

ET - 00 tao phirc 46 hodc hong véi cac ion kim loai Mg™, Zn**, Cd*" thudng
dugc dung dé chuan do tryc tiép cac ion d6 trong madi truong c6 pH = 10 dung hon
hop dém NH; - NH,". Ngoai ra né con duoc dung dé dinh phan gian tiép cac ion
kim loai khac nhu dinh phan Ni**, Pb*" bang phuong phap chuan do nguoc véi
mudi Zn*" (pH = 10), chuan do Ca>" & pH = 10 bang cach thém phirc MgY?* vao.

Murexit

Murexit la mudi amoni cua axit pupuric CgHsOgNs. Trong mdi trudng axit
manh anion Hylnd- c6 cong thurc cau tao nhu sau:

/O- O
NH—C \}: -
oc< C—N= < >co
NH—C, ,C—NH
AN\
o) 0]

Anion HyInd- cua Murexit trong dung dich axit manh, axit pupuric la da axit c6
pK, =0, pKy = 9,2, va pK; = 10,9. Nén mau cua cac dang cta chit chi thi phu
thudc vao pH cua dung dich.

Trong dung dich nuéc ¢ pH < pK, chét chi thi c6 mau do6 tim, trong khoang
pH tir pK, - pK3 c6 mau tim hoa ca va khi pH = pK; chat chi thi c6 mau xanh tim.

Murexit tao phirc voi cac ion kim loai sau: véi Ca** khi pH = 12 phtrc mau do;
v6i Co®', Cu®" va Ni*" khi pH trong khoang 7 - 9 (dung dich dém amoniac) phirc
c6 mau da cam; vdi ion Ag’ trong dung dich dém NH; pH = 10 - 11,5 phtic c6 mau
do.

Murexit 1 chit chi thi tét cho viéc chuan dé truc tiép cac ion Ca®", Cu*", Ni*
vaAg'.
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2.2.2.4. Phwong phdp bac. Chuin dp xianua

Trong phuong phap tao phic ndy ngudi ta chuan do dung dich xianua bang
dung dich chuan bac thuat.

Trong qué trinh chuan d¢, truéc diém twong dwong, trong dung dich ¢ du cac
ion CN™ nén x4y ra cac phan ung tao phuec:

Ag" +2CN'S Ag(CN),
Hiang sd bén tong cong ciia phic d6 B, = 10°%°
Sau d6 Ag” két tiia véi ion phic Ag(CN),™:
Ag' + Ag(CN), S Ag[Ag(CN),]

Két tia trén co tich s6 tan T = 10"*. phtrc,gitta Ag" va OH™ kém bén so voi
phuc gitta Ag” va O". Su thuy phan ctia CN™ ¢6 thé bo qua, nén trong qua trinh
chuan do trong dung dich chu yéu chi xdy ra 2 phan tGng (a) va (b). Su xuat hién
két tia Ag[Ag(CN),] 1am guc dung dich c6 thé ding lam dau hiéu chi thi két thac
chuan d6 16n CN bang dung dich chuidn Ag" theo phan tng (a). Ching ta c6 thé
tinh sai s6 khi két thac chuan d¢ tai thoi diém két tia Ag[Ag(CN),] méi xuét hién
dira vao céac cin bang (a), (b) va cac hang sd twong Ung.

2.2.2.5. Phwong phdp thiiy ngéin, chuén d¢ cdc halogenua

Ton CI tao phirc kha bén véi ion Hg* (B;= 5,5.10°, B, = 3.10°). Do d6 néu chuan
d6 dung dich clorua bang dung dich Hg>" (dung thuat) thuy phan II) thi trong qua
trinh chuan d6 xay ra phan tng:

Hg?* + 2CI' - HgCl,

DPé nhan biét diém tuwong dwong nguoi ta dung chat chi thi 1a diphenyl -
cacbazol. Chat d6 tao v6i Hg™" phtrc ¢6 mau xanh tim. Ngay sau diém tuong
duong ion Hg”" ctia trung dich chuén s& tao phirc mau vé6i chat chi thi d6. Khi dung
Oiphenylcacbazol thi pH cua dung dich phai trong khoang 1,5 - 2,0. Nguoi ta co
thé dung chét chi thi khac diphenylcacbazon, trong trudng hop nay pH cua dung
dich phai trong khoang 2,0 - 3,5 vi chi nhitng pH d6 ion Hg*" ciia dung dich méi
tao phirc mau véi chat chi thi, phwong phéap thity ngan con dung dé chuan do cac
halogenua khac nhu bromua, iodua va c4 xianua va thioxianat. Tuy nhién phuong
phéap nay khong c6 nhiéu wu diém nhu phuong phap két tia dung dung dich chuan
bac nitrat nén ¢ day ching ta khong xét toi.

2.2.3.Chuin d két tia
2.2.3.1. Nguyén tic chung ciia phwong phdp
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Phuong phap chuan do két tia dua trén viée sir dung cac phan tng tao thanh
cac hop chét kho tan (két tua). Cac phan ung két tia duoc sit dung phai thoa méan
cac yéu cau sau:

- Két tiia duoc tao thanh trong phan tng chuan do phai thuc té khong tan, tic 1a
phéan rng phai hoan toan va theo mot ti lugng xac dinh.

- Téc d6 tao thanh két tia phai du 16n, tic 1a khong tao thanh dung dich qua
bao hoa.

- Phan tmg phai chon loc, nghia 14 anh huéng cua cac qua trinh cong két, hap
phu, két tiia theo phai khong dang ké.

- Phai c6 chét chi thj thich hop dé xac dinh dugc diém twong dwong. Tuy sd
luong cac phan Gmg két tia rat nhidu nhung thuong khong thoa man cac yéu cau
trén nén da sb cac phan ung do6 chi dugc ap dung trong phan tich dinh tinh con rat
it duoc ap dung trong phan tich dinh luong. Trong thuc té phan tich, ngudi ta
thudng chi dung cic phuong phap chuan do két taa sau:

- Phuong phap bac, trong d6 dung dung dich chuan AgNO; dé chuan d6 cac ion
halogenua CI', Br', I' va thioxianat SCN"

Agt+X =AgX {

Ngoai ra con dung phuong phap két taa tao thanh cac mudi it tan ctia Hg (1)
nhu Hg,Cl,, Hgyl, va phan tng tao thanh két tia K,Zns[Fe(CN)]. Nhung & day
chung ta chi xét dén phuong phéap bac 1a phwong phap chuan d6 két tiia co nhiéu
g dung thyc tién.

2.2.3.2. Phwong trinh dwong chuin d¢ cdc halogenua

Gia st chuan d6 V, ml dung dich chira anion halogenua X ndng do C, (mol/lit)
bang dung dich chuan AgNO; ndng d6 C (mol/lit).

Phuong trinh phan tng chuan do:
Agt+X =AgX ! (1)

Khi thém vao dung dich phan tich V ml dung dich chuan dé (1) xay ra thi cac
ion Ag” va X c6 ndng do can bang lién hé v6i nhau bang cac hé thirc sau:

[Ag"X] = TAgX (D)
X1+U= e @)
[AgT+U= e 3)

(]
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Trong d6, U 1a s6 mol két tua tmg véi 1 1it dung dich.

V
C V
(2) va nhan 2 vé ciia phuong trinh nhan duogc véi Co'Vo - ta dugc:
V,+V
cv-C, V,+V
R =F-1=([4g"]-[x]) C:VO (2.62)
hodc ([Ag ]- e ]J C+VV (2.63)

Cac phuong trinh (2.62) va (2.63) trén dung dé v& duong dinh phén tuc 1a
duong biéu dién su phu thudc cia pAg (tic 1a -Ig [Ag'] hodc pX tic 1a - 1g[X]
theo V hoic theo F). Cac phuong trinh d6 1a phuong trinh bac 2 cua [Ag'] hoic
[X] nhung chung s& duoc don gian hoa trong timg giai doan ciia qué trinh chuin
do.

Trudc va xa diém tuong duong [Ag’] rat nhé so véi [X] co thé coi nhu khong
dang ké. Nén (2.62) duoc don gian hoa thanh:

F_lz_[X_llg TLVV
T V. +V
F-1= —-‘[-A—Ag&\;].-a?;—
hodc
V. +V
[4¢']- (FAgXI) C+V (2.64)

Tai diém tac dung, tirc 12 khi CV = C,V,, F - 1, ta co:
T

3

Sau va tuong ddi xa diém tuong duong khi du Ag”, X rat nho coi nhu khong

[Ag']=[X]=- (2.65)

dang ké, nén ta co:

V,+V
F-1=[4g ]CV
[4g"|=(F- 1)V > (2.66)

Rét sat diém twong dwong ta khong bo qua duoce [Ag'] hodc [X] nén phai giai
phuong trinh (2.62) hoac (2.63).

Vi du: vé duong dinh phan chuan d6 100 ml dung dich NaCl 0,1M bang dung
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dich chuan AgNO; 0,1M.
F Cl'0,1M Cl1o0M o, lM

pCl | pAg | pCl | pAg | pl PAg
0,50 1,48 | 852 | 0,48 | 9,52 | 1,48 | 14,52
0,90 228 | 7,72 | 128 | 8,72 | 2,28 | 13,72
0,99 330 | 6,70 | 2,30 | 7,70 | 3,30 | 12,70

0,999 | 430 | 570 | 330|670 | 430 | 11,70
1,000 | 500 | 500 | 500 | 500 | 800 | 8,00
1,01 6,70 | 330 | 7,70 | 2,30 | 12,70 | 3,30
1,10 7,70 | 2,30 | 8,70 | 1,30 | 13,70 | 2,30
1,50 7,97 | 0,03 | 7,67 | 033 | 15,67 | 0,33

Pé vé duong dinh phan trong vi du niy ta tinh phd hodc pH theo F khi F =
0,999 ta ap dung cong thic (2.63) dé tinh phd va tir pho tinh pH. Khi F = 1,01 ta
dung cong thirc (2.65) & rat sat diém tuwong duong néu mudn tinh ta dung cac cong
thirc (2.62) va (2.63”).

Trén bang (2.62) 1a cac gia tri di tinh dugc cta phd, pH va tri khi chuan do cac
dung dich cac dung dich CI, I bang cac dung dich AgNO; cting ndng do.

2.2.3.3.Dwong dinh phan

Ta thdy cac duong dinh phan cac dung dich CI" va I' bang dung dich chuan
AgNO; ciing ndng d6 1a cac duong co bude nhay theo phd tai ving sat diém tuong
duong va dudng dinh phan d6i xtng qua diém twong dwong. Tai diém twong
duong ndng d6 cua cic ion tao nén két tia bang nhau. Nong do dung dich cang
16n, tich sb tan cua két tia cang bé thi budc nhay pAg tai diém twong duong cang
16n (hinh 2.6).
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pAg ' PA, _

101

Hinh 2.6. Pwong dinh phan ciac dung dich Cl' va I’
bang cac dung dich chuin AgNO; cung ndng do.

2.2.3.4. Sai s6 chudn dp
Ciing nhu trong phuong phép trung hoa dé tinh sai sb chi thi ta st dung phuong
trinh dinh phan 1a tién loi nhat.

Phuong trinh tong quat dé tinh sai s chi thi la:

s=r-1=([4g"] -[x] )2, (2.66)

[ 2

Phuong trinh d6 c6 thé dugc don gian héa. Néu dung chat chi thi két thic
chuan d6 trudc diém twong duong thi:

V+V T V,+V

S=F-1=-[Xx" =- 2.67
L or 7 v oA 67

Néu két thiic chuan d¢ sau diém tuong dwong thi:

V+V

S=F -1=|Ag" | =— 2.68
L -1=[4g"] G (2.68)

Néu két thiic chudn do sat diém tuong duong thi:

T, C,+C

S=F -1=||dg"| -—& 0 2.69
il e

Vidu 1:

Tinh sai s6 khi chuan do dung dich CI" 0,IM bang dung dich chuan Ag" cung
ndng d6 néu két tua chuan do khi pAg = 4,3. Ly tich s6 tan caa AgCl 1a 1077,

Két thac chudn do pAg = 4,3 tic 1a khi [Ag"] = 5.10. Ap dung phuong trinh
pAg g p dung p g
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(2.69) ta co

=9,6.10" tic 1a S=+0,1%

S=(5.104_ 107" ]o,1+0,1

5.10° } 0,1.0,1
Vidu 2:
Chuén d6 dung dich NaCl 0,1 M bang dung dich chudn AgNO; 0,1 M.

Mubn sai s6 chuan do khong vuot qua 0,2% thi phai két thuc chuan do trong
khoang phé na0? Cho Tagc1 = 1071,

Ta phai tinh pho khi F - 1 == 0,002.
Khi F - 1 =-0,002.

. 10 0,140,
- 0,002 =([Ag ]"[ ag'] o,:o,l J

Giai ra, ta duoc [Ag']. = 10. 10°°, tic 1a pAg=06,0.
Khi F — 1=+0,002.

+0,002 = ([Agl __[10""’ o,1+o,1]

4g*] 0,101

Giai ra ta dugc [Ag']. = 10.10-4, tirc 12 pAg = 4,0.

Vay phai két thuc chuin d6 trong khoang pAg tir 4,0 dén 6,0 thi sai s6 khong
vuot qua 0,2%.
2.2.3.5. Chudn dp hon hop

Trong mot $6 truong hop khi mot con, vi du Ag’ tao dugc két tia voi hai hodc
ba 16n khac ma céac hop chit khoé tan duoc tao thanh c6 tich sb tan khac nhau nhiéu
thi cac két tia do s& két tia 1an luot hodc 14 két tiia phan doan va ta co thé tién
hanh chuan d6 phan doan, vi du chuan d6 hdn hop CI + Br hodc CI' + Br' + I bang
dung dich chuan AgNO:s.

2.2.3.6. Cdc chit chi thi ding trong phwong phdp bac

Phuong phap bac 1a phuong phap chuin d6 két tia duoc str dung rong rii nhat
trong cac phuong phap két tia. Trong phuong phap nay ngudi ta dung dung dich
AgNO; lam dung dich chuan dé dinh phan cac anion CI, Br, I, SCN". Trong
phuong phap bac c6 thé ding mot sé cach dé xac dinh diém cubi.

a. Phuong phap Morh

Nha héa hoc Morh dé nghi sir dung dung dich CrO,* dé 1am chét chi thi dé xac
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dinh céac anion Br, CI" bang dung dich chuan Nitrat bac vi ion Ag" tao véi anion
CrO,> mot két tia mau d6 nau. Két tha ndy co do tan 16n hon do tan cia AgCl va
AgBr. Néu thém vao dung dich phan tich mot it dung dich chira ion CrO4> thi
AgCl hoic AgBr sé két tua trudc va dén khi Ag,CrO, mau d6 nau (bo gach) bat
dau két tua thi lvgng Br va CI” dd két tia hoan toan. Ta hdy tinh ndng do 16n CrO4*
trong dung dich phai bang bao nhiéu dé Ag,CrO, bat dau két tia tai diém tuong
dwong khi chuan d6 CI' bang dung dich chuan Ag’, vi Taec; = 107, nén tai diém
twong duong [Ag’]=10". Nong d6 CrO,” phai bang:

M’T =0,02M
[45°]

Nhung véi ndng d6 ndy mau ciia cromat qua dam. Vi vay thuong ding nong do
Cromat 13 0,005M dé sy xuat hién mau do gach duoc rd rang. Phuong phap Morh
dugc dung dé dinh phan CI hodc Br chtr khong dung dé dinh phan I' va SCN™ vi
v6i cac anion ndy sy hip thu say ra kha manh. Phuong phap Morh duoc dung dé
chuan do ¢ nhiing pH trong khoang 6,5 - 8,5 vi & nhiing pH thap hon néng d6 16n
cromat s€ giam do tao thanh ion HCrO,4 theo phan ung:

H*+ CrOy =HCrO;
con ¢ nhitng pH cao thi s& két tia Ag,O khé tan mau den
b. Phuong phap FaJans

Phuong phap niy duogc goi 1a phuong phép chét chi thi hip phu do nha héa hoc
ngudi Ba Lan dé nghi nim 1926. Theo Fajans mot sd chat mau hitu co nhu
Fluorexein hodc eosin khi bi hép phu & dang anion trén bé mit két tua tich dién
duong s& bi bién dang va thay d6i mau. Néu thém mot luong nho chat chi dung
dich axit manh twong tu nhu chuin d6 1an luot cac nic cua da axit nhu H;PO, hodc
da bazo nhu Na,CO; véi cac chét chi thi thich hop véi d§ chinh xac chép nhan
dugc nhu ta da thay trong cac phan trén.

Gia sir ching ta ¢6 hon hop hai don axit HCI va CH;COOH ndng do khong
khac nhau nhiéu. Thoat dau ta c6 thé tudong rang c6 thé chuan do lan luot ching
bang dung dich chuan NaOH vi mét axit 14 axit manh (HCI ¢6 K v6 cuing 16n) va
axit con lai 1a axit yéu (CH;COOH c6 K =10"*"). Nhung khéng phai nhu vay vi
khi thém tir tir dung dich chuin NaOH vao hdn hop hai axit d6, dwong nhién dau
tién HCI bi trung hoa vi n6 13 axit manh, nhung axit CH;COOH ciing bi chuin do
ddng thoi voi HC1 khi lugng HCI con kha nhiéu va trong thuc té€ néu dung may do
pH dé theo dai sy bién thién pH trong qua trinh chuan d6 hdn hop nay thi ta thay
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trén dudng dinh phan chi c6 mot budce nhay pH tng véi sy chudn d6 tong s ca hai
axit chtr hau nhu khéng c6 budc nhay pHé diém twong duwong thir nhat ddi voi su
chuan d6 mot minh HCI. O ving gan diém tuong dwong thir nhat thi CH;COOH da
bat dau su chuin d6 sinh ra CH;COO™ tao thanh mot hé dém (CH;COOH +
CH;COO) nén pH bién thién rat tir tir lam dudng dinh phan khong c6 budc nhay
pH ¢ diém tuwong duong thir nhat do.

Trong phan trén ching ta da biét, d6i véi dung dich HyPO, 13 da axit c6 pK, <<
pK; << pK; va pK,; = 7,21 khong qua nho nén ta co thé chuin d6 duoc tung nac
ciia dung dich axit d6 voi hai chit chi thi 1a metyl d6 (cho nac thir nhit) va
phenolphtalein (cho nic thir hai). Vi vay, trong trudng hop nay ta c6 thé chuan do
duoc hdn hop hai axit HC1 va HyPO, dung hai chét chi thi ¢6. Khi thém dan dung
dich NaOH vao dung dich hdn hop 2 axit d6, dau tién HC1 bi chuan d¢:

HCl + NaOH = Na(Cl + H,0
sau d6 dén H;PO, duoc chuin d6 theo nic thi nhat:
H,PO, + NaOH = NaH,PO, + H,0O

Khi metyl d6 hodc metyl da cam d6i mau tri toan bd HCI va nic tht nhit cia
H;PO, da duoc chuan d6. Vi vay khi tiép tuc chuan d6 thi luc nay chi mot minh
nac thir 2 cia H;PO, bi chuan d¢ thoi:

NaH,PO, + NaOH = Na,HPO, + H,0

Néu dit C, 12 nong do HCL, c¢6 C,' 12 nong do cua H;PO, trong hdn hop cua
chung. C la néng dd cua NaOH, V, 1a thé tich cia NaOH d3 duge thém vao dén
khi metyl da cam d6i mau va V, 1a thé tich cia NaOH da duoc thém vao dén khi
phenolphtalein d6i mau (V, va V, déu dugc tinh tir diém khong ctia buret) thi V; 1a
thé tich dung dich NaOH da dung dé chuan d6 toan bd HCI va nic thir nhét cua
H;PO,. V, — V, 1a thé tich dung dich NaOH da tiéu tdn dé chuan d6 mot nic cta
H;PO,.

v-(n-R)Jc _(2n-n)c
v 7

o o

Dod6 C,=C, =

2.2.4.1. Chiit chi thi oxi héa - khir

Dbi v6i chuan do oxi hoa - khir trong mot sd truong hop cé thé nhan ra diém
cudi bang sy thay doi mau ctia dung dich khi du mét giot dung dich chuan. Vi du,
khi chudn d6 dung dich cac chat khir khong mau bang dung dich chuin
pemanganat, thi mot giot dung dich chuan du ra ciing du lam dung dich c6 mau
hong. Mot trudng hop khac nita 1a mot trong hai dang oxi hoa hodc khtr tao chit
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mau v4i mot chat khac chang han tét tao mau xanh véi ho tinh bot thi ciing dung
chat 6 (hod tinh bot) lam chét chi thi cho phan tmg chuin do t6t hodc dung dich
chat khir bang dung dich chuan tét. Truong hop nay ho tinh bot khong tham gia
phan tng oxi hoa - khir. Trong dai da sd céc trudng hop chét chi thi trong phuong
phép oxi héa - khir 13 nhitng chit oxi hoa - khir ma dang oxi hoa va dang khir cua
n6 ¢6 mau khac nhau. Vi vay, mau cia chét chi thi phu thudc vao thé oxi héa - khtr
ctia dung dich. Mdi chat chi thi oxi hoa - khir ciing c6 mot khoang d6i mau. Ta hiy
xét mot chét chi thi oxi hoa - khu. Gitra dang oxi héa va dang khur cuia n6 c6 can
bang trao dbi electron.

Indy, +ne S Indg, (a)
Phuong trinh Nernst d6i voi hé nay la:

0,059, [ind,,]

[I ndy, ]

Gia su rang ta phan biét dugc mau ciia mét dang khi nong do can bang ctia no

E=E;, +

16n hon dang kia khoang 10 1an. Do d6 khoang thé d6i méau ctia chat chi thi oxi hoa
- khu tur:

E=E,, +Mlgl =E,, _&_(_)29_(1/) (2_7())
10 n
0,059

n

V) (2.71)

Sau day 1a mot s6 chat chi thi oxi hoa - khir thuong dugc sir dung.

Diphenylamin: CcHs - NH - C¢Hs.

Puoc sir dung dudi dang dung dich 1 % trong axit sunfuric dic. Chat nay co
thé tiéu chuan E° = +760mV (+0,76V). Dang oxi hoa c6 mau tan dang khtr khong
mau.

DPiphenylbenziin: Chit chi thi c6 cong thirc cAu tao:

{(ml AL LD

N6 dugc st dung dudi dang dung dich 1 % trong axit sunfuric dac. Chét chi thi

c6 thé tiéu chuan = +0,76V. Dang oxi hoa c6 mau tim dang khtr khong mau.

Phirc ciia Fe®' véi 2.2' - dipiridin: Cong thic ciu tao la:
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Fe?* J A\ 4 A\

=—=N N—" |,

Puoc sir dung dudi dang dung dich HCI lodng. Chat chi thi ndy c6 thé oxi hoa -
khtr tiéu chuan 1a +0,97V. Dang oxi hdéa mau xanh nhat, dang khir c6 mau do.

Feroin:
Phtrc ciia Fe* véi 1,10 - phenaltrolin:

Chét chi thi ndy c6 cong thirc cdu tao la:

B\ /7 N/ \

=N N=—= 2

Dung dich chét chi thj duoc chuin bi béng cach hoa tan 1,26 g phenal - trong
clohydrat va 0,695 g FeSO, trong 100 mi nudc. Chét chi thi ndy c6 E° 1a + 1,06V.
Dang oxi héa mau xanh nhat, dang khir mau do.

Axit fenylantranilic Chat chi thi nay c6 cong thtrc ciu tao 1a:

COOH
/“g_ 7/ N\
Lo

N6 thuong dugc su dung dudi dang dung dich 0,2% trong nudc hoac 0,1%
trong dung dich Na,CO; 0,2%. Thé tiéu chuan E° 13 +1,08V. Dang oxi hoa c6 mau
tim dang khtr khong mau. Dé chon chét chi thi cho mot phép chuin do nguoi ta
thudng ding phuong phap vé duong dinh phan va phuong phap tinh sai s6 chi thi
tuwong tu nhu cac phuong phap chon chat chi thi trong chuan d6 trung hoa, chuan
do complexon.

2.2.4.2. Duong dinh phan
a. Chuan Fe*" bang Ce*"

Thiét 1ap phuong trinh duong dinh phan khi chuan d6 V, ml dung dich Fe™,
ndéng do duong luong N, bang dung dich chuin Ce*" ndng d6 dwong lugng N. Cho
biét cac thé tiéu chuin cta cac hé 1a:
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E = 0,68V

Eo = 1,44V’ : 3’/Fe

Ce** /Ce™

Phan tng trao doi electron cua tung chat trong cap cia no:

Ce* +e= Ce* E2, =+144V
Fe* -e = Fe** Ey = 0,68V

Do d6 ndng do duong lugng cua cac dung dich Ce*” va Fe*" déu bang ndng do
moi ciia chung. Phan tmg chudn d9 1a:
Ce** + Fe¥ = Ce* + Fe’* (1)

Phuong trinh bao toan electron cta dung dich xuét phat tir san pham phéan Gng
(Ce™, Fe’), khi thém V ml dung dich Ce*" vao V, ml dung dich Fe*

= 4+]_V+V—[ 1~ 1717 o
WV—NOVO _ e4+ _ e2+ ’
—f,;—;f,“‘*[c 1-[Fe*] 2

N . , N ,
NV dua F vao (2') bang cach

0o

Goi F 1a phan Fe** bi chuan 0, tac 1a F =
nhan 2 vé ciia 2") véi ¥, +V  tacd;
NOV{) ’

F-1=(fce* |- [Fez*])%;/—r/

oYo (3)

Céc nong do can bang trong phéan tir A 1a ndong do mai sé& tinh tir cac phuong
trinh bao toan khdi luong ciia Fe*™ va Ce*". Tur (3) ta tinh duoc cac ti s6 ndng do
ciia Fe’'/Fe*” va Ce*’/Ce’" theo F va thiét 1ap dugc phuong trinh chuan do 1a
phuong trinh biéu dién sy phy thudc cua thé oxi hoa - khir ctia dung dich vao F.

* Trude diém tuong duong tirc 13 khi F < 1, trong dung dich con du Fe*', ngoai
ra vi phan tng xay ra kha hoan toan (K = 1012,8), nén [Ce*"] khi d6 rat nho, khong
dang ké so voi [Fe*'], nén phuong trinh (3) trd thanh:

F-1=Jrer ] LotV
NV, (4)
NV
F 3+ + F 2+ 0o’ o
Ta biét rang: [Fe™] + [Fe™] = Vv

0

nén suy ra: V,+V

W, [T

Nén (4) tro thanh:
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]

F-1=-| Fe* 4’
[ :] I:Fe3+:] Fe2+] ( )
Chia tir va mau s cia vé phai phuong trinh (4') v6i Fe™, ta co:
F-1=- 31
| Fe
1+
.Fe o
Twr do suy ra:
Fe*| F
Fe*| 1-F

Phuong trinh dudng dinh phan la:
E=E’ +0,0591 i
Fe** | Fe® i g 1-F (2.72)

F
=+0,6 591g ——
E =+0,68 + 0,059 gl—F 2.72)

* Tai diém twong duong, khi luong dung dich Ce*" thém vao twong duong voi
luong Fe®', 2 chat tac dung vira i voi nhau, thic laF=1vaF - 1=0, ta co:

[Ce™] = [Fe™]
Ngoai ra, ta luén co: [Ce**] = [Fe**]

Do do, ta suy ra:

[ce* ][ Fe* ] )
[Ce3+ ] [Fe’z+ ]

Twr 2 phuong trinh Nernst cua 2 hé:

E,=E, +0, 0591g[ <) (2.73)

LCe” ]
% % 2.73)

Ta suy ra E tai diém tuong duong:

2E,, = (Eé +E) +0,059 Ig 1
E, = 1/2 (1,44 + 0,68) = 1,06V.

E,, =E2, +0,0591g

* Sau diém tuong duong, tirc 1 khi F > 1, ta d3 thém vao nhirng lugng dung
dich chuan Ce*, nén ta bé qua duoc [Fe*'] trong (3) va phuong trinh d6 tré thanh:
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V.+V
F— — 4+ O
1=[Ce ]NoVa (5)
V.4V _ 1

Ny, [FeT+[Fe]

Thay <va [Fe*] = [Ce?] Vao (5), roi bo qua [Fe*] vi

qua nho ta duogc:

[c] ., ©)

Do d6 phuong trinh dinh phéan la:

E = Elu o +0,0591g(F-1) (2.74)
=1,44 + 0,059 1g(F-1) (2.74)

Nhu vy, trudc diém twong duong ta tinh thé oxi hoa - khir cia dung dich bang
phuong trinh Nerst cua cip lién hop chira chat khir (cip Fe’*/Fe’") sau diém tuong
duong ta tinh thé cAn bang phwong trinh Nernst cua cip chta chit oxi héa
(Ce*"/Ce™). Tai diém twong duong thé cua dung dich dugc xac dinh bang phuong
trinh Nemst cta ca hai cip va thé d6 13 hang sé chi phu thudc vao E° cta hai cip.
Bang sau cho ta thdy cac dit kién tinh theo cac phwong trinh trén dé v& duong dinh
phan khi chuan d6 dung dich Fe** 0,1M bang Ce*" 0,1M.

Thé oxi hoa - khir E trong qua trinh chuin d¢ dung dich Fe*" 0,1M bang dung
dich Ce*" cung nong do.

F 0,1 0,5 0,9 | 0,99 10,999 |1,000 1,001 1,01 | 1,10 | 1,50
E(v)| 0,62 | 0,68 | 0,74 | 0,78 | 0,86 | 1,04 | 1,26 | 1,32 | 1,35 | 1,42

Twr cong thirc trén va vi du vé dudng dinh phan ta c6 nhitng nhan xét sau: Dang
ctia dudng dinh phan khong phu thudc vao ndng d6 cia dung dich chuan ciing nhu
chit can xac dinh.

Khi méi bit ddu chuin do va dic biét ¢ diém twong duong d6 ddc cua dudng
cong rat cao va tai diém tuong duong c6 budc nhay thé. Tai ving xung quanh F =
0,5. Thé bién thién rét it ta c6 thé dung dung dich dém thé.

- Dang cua duong dinh phan khong phu thudc vao pH, tuy nhién axit lam thay
d6i dang cua cac chat (Fe (III) va Ce (IV)) do 1am mat su thity phan hodc su tao
phtic 1am thay d6i thé tiéu chuan cua cac hé.
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E(V)
14+

101

06+

02 ol; T s
t] 3. F

Hinh 2.7. Pwong dinh phan dung dich Fe’* 0,1M
bang dung dich Ce*" 0,1M.

Can cha y 12 dbi voi ca hai hé vira xét hé s6 cua chat oxi hoa va chat khir lién
hop trong phuong trinh trao ddi electron 1a bang nhau nén cic phuong trinh thiét
lap dé tinh thé khong phu thudc vao ndng do cia cac chat. Tuy nhién dbi véi
truong hop cac hé s6.bat doi xung thi cac két qua sé khac di. Ta hdy tinh thé trong
qua trinh chudn d6 dung dich Fe*" bang dung dich chuin Cr,O,> trong méi truong
axit.

b. Chuan Fe*" biang Cr,0,> Gia st ta cAn v& dudng dinh phan khi chuin do
dung dich Fe** 0,1M bang dung dich chuin K2Cr2070,03M trong mdi trudng axit
c6 [H] = 1M. Biét cac thé tiéu chuin

E? =+0,68V

Fe** 1 Fe® Eg’zo.lz- 1P = +19 33
Phuong trinh chuan d6
CrO; + 6Fe* + 14H" = 2Cr** + 6Fe* + TH,0 (1)

Phuong trinh bao toan electron dugc viét xuat phat tir cic san pham phan tmg
1a Cr’* va Fe’* khi thém V ml dung dich chuan Cr,0,> vao V, ml dung dich Fe*":

N, WY
[Fe™]- v 6[Croy]- 5 (2)
Mt - 6 cror ][ o] @)

Goi F 12 phan Fe** bi chuan d6 tic 1a F = -Kx— . Pua F vao (2') bang cach nhan

0 [
[}

N,

ca 2 vé cua (2°) voi , bién d6i ra ta co:
F-1=(6|cror |-[rer )LtV
Nl)V() (2.75)
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Phan tng giita Fe*" va Cr,0,> xay ra rat hoan toan vi thé tiéu chuén cua hai cip
khac nhau nhiéu (K = 10°*"). Do d6, truéc diém tuwong dwong ta bé qua dugc
[Cr,0,%] bén canh [Fe*'] trong phuong trinh (2.75), phuong trinh d6 con:

F-1=-{re ] 075

Két hop véi phuong trinh

NV
F 3+ + F 2+ _ 0 o
[Fe™] + [Fe™] Vv
Ta di dén phuong trinh dudng dinh phan
E=E, +0,0591 .
= Breire *1-F . (2.76)

Tai diém tuong duong, khi NV, =NV, ta cé:

[Fe**] = 3[Cr**] va [Fe**] = 6] Cr,0; "]

(ng’ e+ Eo pan) +0,0591g[ Cr** |
1NV, .
Trong d6 [Cr® ] YA 1/3[F *] 2.77)

Sau diém tuong dwong. Khi F> 1, ta bd qua ndng do [Fe*'] trong phuong trinh
(2.77) va tinh thé theo phuong trinh Nernst ctia hé Cr,0,°/Cr’":

0 0,059 0,059 1
Etd = ECr,O-}'/Cr —1 (F D+ 6 lg —Cr3+-
Trong do [Cr“] = % ;VOV;/ (2.78)
[ +

Ap dung céc phuong trinh trén ta duoc cic gia tri thé trong qua trinh chuan do
Fe* 0,1M bang Cr,0,> 0,1M va v& dugc dudng dinh phan cta phép chuan do nay.

Néu qui udc bude nhay tai diém twong dwong 14 hiéu thé hiéu img v6i F — 1 =+
0,002 thi ta tinh dwgc hiéu thé d6 12 0,552V.

Nhu vy, trong trudng hop khi c6 ion H tham gia vao phan ung chuan d6 va
khi hé s6 cua cac chat oxi hoa - khir lién hop trong phuong trinh phan tmg chuan
d6 khong bang nhau thi thé oxi hoa - khir khir cia dung dich tai diém twong duong
va sau diém tuong duong phu thudc vao do axit ciing nhu vao ndng do cia chat oxi
héa hogc chét khir.
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Hinh 2.8. Pudng dinh phéin dung dich Fe** 0,1N
bing dung dich Cr,0;* 0,2M

2.3. NOI DUNG VA UNG DUNG CUA CAC PHUONG PHAP PHAN TiCH
THE TiCH

2.3.1.Phwong phap trung hoa
2.3.1.1. Bén chit va néi dung
Phuong phap trung hoa dugc dya trén phan g trung hoa.
H"+ OH =H,0

Do d6 c6 thé dung axit dé xac dinh ndng d6 cac bazo (goi 1a phép do axit) hoic
duing cac bazo dé xac dinh ndng d6 cac axit (phép do bazo)

a) Phép do axit: & day ta phai dung cac axit c6 néng do chinh xac, d6 1a cac
axit géc (H,C,04.2H,0, ax Tactrics, (... C4HgOg) chét géc cua phan tich thé tich 1a
chat phai dam bao ba yéu cau:

- D& diéu ché, d& két tinh & dang tinh khiét ho4 hoc.

- Bén khi dé ngoai khong khi (khong bi phan huy boi anh sang, oxy, khong khi,
khong hit nude, khong hap thu CO,).

- C6 ndng d6 6n dinh sau khi pha dung dich.

Nhu vdy ta phai pha dung dich chuan géc 1a H,C,04.2H,0 16i tir d6 x4c dinh
n6ng do NaOH, tir NaOH lai xac dinh néng do cac axit nhu HCI, HNOs, H,SOy,
CH;COOH.

b) Phép do bazo.
Ta dung chat géc 1a Na,CO;.10H,0; Na,B,0-.10H,0 dé xac dinh néng do cac
axit HC], HNO3, HzSO4. ..
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2.3.1.2. Ung dung va tinh todn

Phuong phép trung hoa duoc ding dé xac dinh néng do cac bazo tir axit goc
hodc nguoc lai. Vi du, dung H,C,0, tiéu chuin dé xac dinh nong d6 NaOH véi chi
thi 1a phenolphtalein, sau do6 lai dung NaOH dé xac dinh néng do HC1, CH;COOH
v6i chi thi phenolphtalein, roi tir HCI ta lai xac dinh néng do NH4OH véi chi thi
metyl da cam. Dé xac dinh nong do cta ching ngudi ta tién hanh chuan do truc
tiép H,C,0,4, HC1, CH;COOH bang NaOH va chuén d6 truc tiép NH,OH bang HCl
va tinh toan truc tiép theo cong thirc cua dinh luat duong luong.

V.. Ny=V;. N,
VANA

—')NB =
B

Chung ta chi xét chi tiét ba truong hop sau day:

a) Xac dinh no”‘ng dé hon hop bazo va hon hop axit:

* Xac dinh néng do hon hop bazo (NaOH + Na,COs) bing HCI. Viéc chuén do
hon hop bazo x4y ra theo hai buéc:

- Budc 1: ing véi viée trung hoa toan bd NaOH va nac thir nhat cia Na2CO3,
vi diém twong duong cua chuan d6 NaOH bing HCI c¢6 pH = 7 va diém tuong
duong ctia chuan d6 nac 1 ctiia Na,COs chinh 14 pH cta dung dich HCO;™ dugc tinh
theo cong thuec:

pH = 0,5 (pK, + pK,) = 0,5(6,35 + 10,32) = 8,35

Ca hai gia tri pH nay déu nam trong khoang d6i mau cua phenolphtaelin, nén
néu dung phenolphtalein lam chi thi thi khi phenolphtalein doi mau, toan b NaOH
va nic tht nhét ctia Na,CO; duoc trung hoa. Poc thé tich HCI tiéu tén, taco V.

Budc 2: Tiép tuc chuan do dung dich con lai bang HCI, khi d6 HCO; —
H,COs;, pH ctia dung dich nay dugc tinh theo cong thirc cua mdt don axit yéu:

1 1
PH = EPKl - ElgCa
Néu coi: &= 107, ta cé:
pH = 1.6,35 - Lo01=395
2 2

Gia tri pH nay nam trong khoang chuyén mau ctia metyl da cam. Do d6 c6 thé
thém tiép metyl da cam vao dung dich vira chuan d6 (nic 1) va chuan bang HCIl
dén khi metyl da cam d6i mau tir vang da cam sang d nhat da cam thi dimg chuan
do, ghi thé tich V,.
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Vi thé tich HCI tiéu ton cho nic 1 va nic 2 bang nhau nén 2V, 1a thé tich HCI
tiéu tén cho chuén do toan bd Na,CO;. Con thé tich HCI tiéu tdn cho viéc chuin
riéng NaOH: V; +V, -2V, =V, -V, (ml)
VHC/'NHCI - (Vl “VZ)NH(:/

vV 14

h? »

(2.79)

Do d6: Nyuon =

\ 2V,.N
va NNa,Co, = __2V._’ﬂ

h

(2.80)

Néu xac dinh néng do chung cta hdn hop NaOH va Na,COs ta chi viéc chuan
do truc tiép hdn hop bang HC véi chi thi 1a metyl da cam va:
N e Z:’K%ﬂlﬂ =Ny +N NayCO, (2.81)

hZ

b. Xdc dinh néng dg hon hop HCI va H;PO,; bang NaOH: Néu chi chuan riéng
H;PO, bang NaOH, khi nac 1 ciia H;PO4 & muc trung hoa (H;PO, — H,PO,) (pH,
= 4,6) tng v6i sy chuyén mau cta metyl da cam. Khi nic 2 caa H;PO, duoc trung
hoa (H,PO4 — HPO, va pH, = 9,6) tmg v&i sy chuyén mau cta phenolphtalein)

Khi thém dan dung dich NaOH vao dung dich hdn hop HCI va HyPO, co cing
nong d6, dau tién HCI bi chuan do:

HCl + NaOH = NaCl + H,0
Sau d6 dén H;PO, & mirc chuan do theo nac thi nhat:
H,PO, + NaOH = NaH,PO, + H,0

Do d6 néu cho chi thi 1a metyl d6 hodc metyl da cam vao hdn hop va chuan do
bang HCI, khi chi thi d6i mau thi nic 1 caa H;PO, va toan bo HCI duoc trung hoa.
Ghi lay thé tich V;(HCI) tiéu ton.

Cho phenolphtalein vao va tiép tuc chuéan do dung dich thi nic 2 cta H;PO, 1a
H,PO, dugc trung hoa.

NaH,PO, + NaOH = Na,HPO, + H,0

Vi ndc 2 ciia H;PO, duoc trung hoa bdi lwong NaOH ciing bang nic 3 cia nd,
nén thé tich NaOH chuan cho nic 2 va nac 3 nhu nhau ciing bang thé tich NaOH
chuin cho nic 1 cta HsPO,4 do d6 thé tich NaOH chuén cho riéng H;PO4 14 3 V,,
con thé tich NaOH chuén riéng cho NaOH 1a V- V,.
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Do d6: Nyq= .(.V_IZ_VZ_)EE_CL

2.82
72 (2.82)
3V,.N
HPO, = Ml (2.83)
Vo
Con ndng d6 chung ctia hdn hop HC1 va H;POy:
N ,.=Nyo + Ny s, (2.84)

b) Xac dinh do cung cua nuoc:
* P cimg tam thoi ctia nude duoc tinh bang s6 mat duong luong gam mudi
cacbonat axit magi€ va canxi trong mot lit nuéc
Pé xac dinh Krr ngudi ta chuan do truc tiép nudc cimg bang dung dich chuan
Ho v6i chi thi metyl da cam, phan tng chuan d6 xay ra:
2HCI1 + Me(HCO,), = MeCl, + 2H,0 + 2CO,1

Khi metyl da cam d6i mau thi dimg chuan d6 va ghi thé tich HCI tiéu tén (V).
Do do¢:

Ko = 2Nac 1000 (2.85)
Hy0
Sau d6 dun s6i dung dich chuan d6 dé dudi hét CO,. Pé nguodi dung dich va xac
dinh do cung tong cong clia nudc.

* P cung tong cong (Krc) duoc tinh bang tong sé mit duong lugng gam mubi
Me*" (Ca*", Mg™) trong mdt lit nude. Dé xac dinh né, ngudi ta ding phuong phap
chuan d6 nguoc.

Dau tién, két taa toan bd Me”" bang hdn hop NaOH, Na,CO; d3 biét nong do &
trén, khi d6 thé tich hon hop 1a Vi’
Mg* + 2NaOH = Mg(OH), | + 2Na* (1)
Ca®* + Na,CO, = CaCO, | + 2Na* (2)
Sau d6 chuan do lugng hdn hop con lai bang HCI véi chi thi 1a metyl da cam:

HCI + NaOH = NaCl + H,0 B
2HCI + Na,CO, = 2NaCl + H,0 + CO, (4)

Khi metyl da cam d6i mau, ghi thé tich HCI tiéu tén (V>):
Do do:
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V,N,-V,
Ko =22 21000 (2.86)

H,0

* D6 cirng vinh ciru (Kyc) cia nude 13 tong mit duong lugng gam mudi Me™" ty
do, c6 san trong mot lit nudc. Do do:

KVC - KTC - K'rr (2.87)

2.3.2. Phwong phap oxi hoa khw
2.3.2.1. Phép do Pemanganat
a) Ban chat va diéu kién Ap dung ciia phép do:
Nguoi ta dung dung dich chuén géc H,C,0, dé xac dinh néng do KMnOy, vi
ban than KMnO, khong phai 1a chat gbc:
2KMnO,+ 5 H,C,0, + 3 H,SO, = K,SO, + 2MnSO, + 10 CO, + 8 H,0.
Do d6 phai chudn d6 truc tiép bang. Khi H,C,0,4 phan tng hét thi dung dich

KMnO, du s& nhuém dung dich thanh mau hong nhat, lic khong tan thi dimg
chuan d¢. Ta tinh ndng d6 KMnOy, theo cong thirc.

N - VHICzO,.N H,C,0,
KMnO, " T 1,

VKMnO,,
Tir KMnOy4 ngudi ta ¢6 thé xac dinh Fe*', HI, H,0, theo co ché twong tu.

Vi E° = 1,51 V ¢6 gia tri kha 16n, nén MnOy 1a chat oxi hoa manh, do d6

MnOy | Mn**
khong dugc chuan d6 trong méi truong HC1 ma phai chuin do trong méi trudng
H,SO,.

Mit khac, dé phan Gng chuan d6 xay ra nhanh ta phai dun nong dung dich
true khi chuan d 1én t6i 60 — 70°C.

b) Ung dung: tng dung quan trong cua phép do 1a viéc xac dinh nong d6 Ca*
trong dung dich (tham chi ca Pb*").

Dau tién két tia Ca** béng luong C,0, du:
Ca®* + C,0¥ =CaC,0,| 1
Sau d6 dem loc rira va hoa tan két tua bing H,SO,4 néng:
CaC,0, + H,SO, = CaSO, + H,C,0, (2)

Cudi cung chuan d6 luwong H,C,0, giai phong ra bang KMnO, theo phan tng
trén:
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2KMnO, + 5H,C,0, + 3H,SO, = 2MnSO, + K,SO, + 10CO, + 8H,0 (3)
Theo cac phuong trinh phan tng trén thi:

VN_a = VN, = VN

c,0f MnOj

N
MnO; MnO;
N NCa’* e
Cat

2.3.2.2. Phép do Bicromat.
O day nguoi ta dung dung dich chuan gbc 1a K2Cr207 dé xac dinh truc tiép
Fe" voi chi thi 1a Diphenylamin:
Cr,0,% + 6Fe* + 14H* = 2Cr** + 6Fe** + 7TH,0
Ngudi ta cho vao binh nén dung dich Fe**, xac dinh (VEe*") axit H,SO, va
H;PO,, Piphenylamin chuin d6 Fe®" bang K2Cr207 tir trén buret xudng. Khi

luong Fe** phan ung hét thi Cr,0,% du s& phan ung véi Diph (dang khir) chuyén
thanh DPiph (dang oxy hod) c6 mau tan xanh.

Nhu da néi ¢ trén, trong phép chuan do nay ta phai cho thém H;PO, vao dé
PO,* lién két véi Fe*™ thanh phuc [Fe(PO4)2]3 " bén, 1am cho thé cua hé & dau budc
nhay giam va khoang thé d6i mau cua Piphenylamin nim gon trong budc nhay
thé. Khoang thé d6i mau cua Piphenyllanin 12 E = 0,73-0,79 (V).

Ta tinh truc tiép ndng do cua Fe*" theo biéu thirc:

N

N _CROF T e}
g = — it

Fe* VFeZ*
2.3.2.3. Phép do lod

a. Ngueoi ta xdc dinh cdc chat oxi hod (hodc khir) nho cdch gian tiép.

- Chét oxi ho4 + Klg, — I, + loat san pham khac.

- Sau d6 chuan d6 I, giai phong ra nho Na,S,0; véi chi thi 13 ho tinh bot.

2Na,S,0; + I, = 2Nal + Na,S,0q

Khi mau xanh dam bién mat (mau cua phirc ciia hd tinh bot véi 1) thi dimg
chuan do.

b. Trong phwong phdp nay can lweu y mot sé diém sau:

- Khong dugc tién hanh chuan d6 tir dung dich ndng vi I, d& bay hoi.
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- Phai cho KI du dé I, sinh ra éutic hoa tan do tao phirc KI5 (Poliiodua), dong
thoi dé chét oxi hoa phan tng hét.

Khéng duoc tién hanh chuan d6 trong moi trudng axit manh vi gdy ra phan tng
phu:

SO, ¢
Na,S,0, + 2H* -S4 + HZSO3<
H,0

- Khéng duogc tién hanh chudn do trong moi truong kiém manh vi khi d6 sinh
phéan Umg phu:
20H +1, =10+ I' +H,0
Chinh 1O lai tdc dung véi Na,S,0;.

- Phai cho ho tinh bot vao lac dung dich c6 mau vang rom vi I, phan tmg nhay
v6i ho tinh bot, nén chi can luong nhé cling du c¢6 mau dac trung va I, tu 16 tréng
tinh bdt "chui" ra phan ung.

b. Ung dung:
- Thuong dung phép do I, dé xac dinh Cu®* nho phan tng.
-Cu* + 4I' =2 Culld +1,
-L+8,0% =5,0 +2I
N . = Weor

Cu®*
ch 1+

- Na,S,0; phai duoc xéac dinh lai ndng do sau khi pha nhd phép do Iod:
+ Cho dung dich chuéan K,Cr,0; tac dung vo1 KI du.
Cr,0% + Cl,, + 14H*=2Cr’* + 31+ 7H,0
+ Chuén d6 luong I, giai phong ra bang Na,S,05:
L+ S0 =S,0) +2I

(crot)

N =

s,0r

5,08
2.3.3. Phép chuian dé két tia:
2.3.3.1.Phwong phap Mor.
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Chuén d¢ truc tiép Cl' nho dung dich chuan AgNO; véi chi thi K,CrOy:
AgNO,; + CI'=AgCl { +CI
duc tréng
2AgNO; du + CrO? = Ag,CrO,{ + 2NO;
do gach
Khi dung dich chuyén tir duc tring sang hdng nhat lic khong tan thi dimg
chuan do.

Phuong phap Mor chi duoc chuan d6 trong méi truong trung tinh hodc kiém
yéu vi néu trong moi truong axit manh thi vai tro chi thi cia CrO,* bi bién méat do
c6 phan tng.

H* + CrO = HCrO; (bén)
Con trong moi truong kiém manh thi Ag” s& phan tmg phu:
2Ag* +20H = AgOH - Ag,0 + H,0
Dung dich phai ving mit Ba®", Bi*", Pb®" vi chung ciing tao két tua dé gach véi

CrO,”. Ngoai ra dung dich phai ving mat mudi amoni, vi n6 s& hoa tan AgCl do
tao phuc vo1 AgClL.

2.3.3.2. Phwong phap Vothard
Xéc dinh CI bang cach chuan do nguoc bang AgNO;.
- Pau tién cho CI” két tia bai Agno3du
AgNQO,,, + CI'= AgCl{ + NO;
duc trang
Sau d6 chuan do AgNO5 con bang dung dich chuan KCNS véi chi thj Fe**

KCNS + AgNO, = AgCNS { + KNO,
duc tring
3KCNS,, + Fe** = Fe(CNS), + 3K*
dd méu
Phuong phap Volhard chi dugc ding trong mdi truong axit manh vi néu trong
moi trudng trung tinh hodc kiém yéu thi Fe*" bi thuy phan - & day khong can ving
mit Ba®, Pb®" nhung lai khong duoc c6 mit mudi amoni vi khi d6 sé& tao phirc
gitra AgCl va NH;

AgCl +2NH: = [Ag(NH,),IC] + 2H*
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Viéc tinh toan nong d6 CI” theo phuong phap ndy cé phtic tap hon.
N = VNAg* ~VNys-
cl- 14
Ccr-
2.3.4. Phép chuian d6 phirc chat
2.3.4.1. Phép chuin dp Komplexon

Phép chuan d6 komphexon dua trén su tao phirc bén va tan trong nudc cia
komplexon v6i cac ion kim loai. Trong d6 ti€u biéu nhat 1a Trilonb, né chinh la
muoi hai lan thé cua axit etylen diamin tetraaxetic.

NaOOC =CH,
N CH, - COOH

N - CH, - CH, -N
HOOC = Clz ™ T » - COONa

Viét tit 1a Na,H,Y

Chi thi cta phuong phép 1a Eriocrom den T (viét tat 1a ET_OO) hay Murexit.
Vi phtrc cua chi thi véi kim loai kém bén hon phirc ctia Trilonb véi kim loai nén
khi cho dung dich trilonb xubng dung dich chita phirc kim loai véi chi thi (Meind),
thi phtrc nay bi phd huy va ion kim loai s€ tao phtrc véi Trilonb.

Toan bd qua trinh chuan do duoc mo ta béng so do sau:
- Cho chi thi (Eriocrom den T) vao dung dich chtra ion kim loai thi ion kim loai
phéan ng véi chi thi:
Me?* + HInd* = Melnd + H*
Xanh D6 nho
Sau d6 chuan dung dich chtra ion kim loai bang Trilonh thi ion kim loai tu do
s€ phan g voi Trilonb.
Me?* + H,Y* = MeY? + 2H*
Sau khi hét ion kim loai tu do thi:
H,Y? + Melnd = MeY?*+ HInd* + H*
Do nho Xanh da troi

Khi dung dich chuyén tir d6 nho sang xanh da troi thi dimg chuan d6 voi
phuong phap nay can luu y may diém sau:

- Vi Trilonb phan g véi cac ion kim loai ¢6 hoa tri khac nhau déu giai phong
ra2H":
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Me*+ H,Y? = MeY” + 2H' )

Me? + H,Y* = MeY? + 2H* . Dod6: D = 385 _ 168,8

[\

Me* + H,Y*= MeY" + 2H*
Me* + H,Y* = MeY" + 2H* -

- Moi phan tmg chuan do déu sinh ra H' nén ta phai thém hdn hop dém amoni
vao dé 6n dinh pH cua dung dich, hén hop dém amoni c¢6 pH = 8§ -10, nhu vady mau
ctia phtic bén.

- Phép chuan d6 thuong hay dung dé xac dinh d6 cing ciia nude vi trong nudc
c6 rat nhiéu Ca®*, Mg”".

- Tinh toan theo phuong phap chuan do truc tiép:

Me1+
VM(.‘:’

Co ché tao phuc giita Me*™ va Trilonb dugc biéu dién bang so dd sau:
NaOOC ™ CH, < CH,  COONa

Me2* + Na,H,Y—» 0QO0C- CH, > 1\\1\ N CH,” 000 +2H*
Adind

Me

Nhu viy ion kim loai lién két v6i Trilonb nhd hai lién két chinh v6i hai nhom a
xé tat va hai lién két phdi tri voi 2 nguyén tir N nén phirc nay da bén khong mau va
tan trong nudec.

2.3.4.2. Phwong phdp thuy ngin chudn d cdc halogennua

Ton CI tao phtrc kha bén véi Hg™ (B, = 5,5.10°, B, = 3.10°).Do d6 néu chuan do
dung dich clonla bang Hg’" thi trong qua trinh chuan d6 xay ra phan ng :

Hg** + 2Cl" —Hg(l,.

Dé nhan hét diém twong duong ngudi ta dung chi thi 1a Piphenylcacbazol, no
tao vi Hg”" thanh phirc ¢c6 mau xanh tim. Ngay sau diém twong dwong Hg*" s& tao
ngay voi chi thi lam dung dich c6 mau xanh tim nhat. Khi dung Piphenylcacbazol
thi pH phai & khoang 1- 2. Ngudi ta c6 thé dung chi thi khac 1a Diphenylcacbazid,
khi d6 pH tao phirc 12 2,0 - 3,5. Phuong phép thuy ngan con dung dé chuan do cac
Halogennua khac nhu Br, CNS’, I'. Tuy nhién n6 khong c¢é nhiéu wu diém nhu
phuong phap chuan CI” biang AgNOs;.
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CAU HOI VA BAI TAP CHUONG 2

2.1. Phan tich thé tich va su chudn d6 1a gi? Tinh toan cta phén tich thé tich
dua trén co s nao? Cho vi du.

2.2. Ban chét va pham vi ung dung cta phuong phép trung hoa, cach pha ché
dung dich chuan cua phuong phap trung hoa.

2.3. Chat chi thi cia phuong phap trung hoa, oxi hoa khir két tia va tao phic.
2.4. Nhan xét vé cac dang duong cong chuan do ciia phuong phap trung hoa.
2.5. Ung dung cua phuong phap trung hoa.

2.6. Nhan xét vé budc nhay cua dudng cong chuan d6 pH, oxi hoa khir va quy
tac chon chi thi.

2.7. Ban chat cia phuong phap oxi hoa khir. Nong d6 dang oxi hoa va dang
khir anh huong thé nao dén budc nhay thé.

2.8. Hay trinh bay cach xac dinh diém tuong dwong trong phwong phap oxi ho
khir.

2.9. So sanh vé duong cong chuan do trung hoa va chuan do oxi hoé khur.

2.10. So sanh sy gidng va khac nhau vé phép do Pemanfanat va phép do
Bicromat.

2.11. Chi thi mau ctia oxi hoa khtr 13 gi? Ho tinh bot c¢6 phai 1a chét chi thi nay
khong?

2.12. Ban chét va dic diém va tung dung ctia phép do Iod.
2.13. Ban chét dic diém va tng dung cta phép chuan do két tua.
2.14. Ban chét dic diém va ung dung ctia phép chuan do Komplexon.

2.15. Pé pha dung dich chuan Na,COj; ngui ta can chinh xac mot luong 1,325g
mudi Na,CO; tinh khiét sau d6 dem hoa tan trong binh dinh mtc 250ml va thém
nude dén vach muec. Tinh do chuin va do nguyén chuin cua dung dich thu duogc.

2.16. Pha lodng 2,9ml H2SO4 diéu kién 96%(d= 1,84 g/ml) trong binh dinh
muc 1 lit s& thu duge dung dich ¢6 d6 nguyén chuin bang bao nhiéu?

2.17. Khi chuan d¢ dung dich Na,CO; bang HCI 0,12N thi hét 22ml axit. Tinh
$b gam Na,CO; trong dung dich va tir d6 suy ra do chuén ctia HCI theo Na,COs.

2.18. Tinh (khong ké sy thay d6i thé tich) budc nhay pH khi chuan 20ml dung
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dich NH,OH 0,2N bang dung dich HCI 0,2N cho Knm, = 1077

2.19. Tinh (khong ké sy thay doi thé tich) budc nhay thé va thé tai diém tuong
duong khi chuan ¢6 100ml dung dich FeSO, 0,1N bang dung dich chudan KMnO,
0,IN trong mdi trudng axit c6 nong do 16n H™ 1a 1 mol/ll, cho
E’ =151V, E° =0,77V

MnOj | Mn** F&* | Fe**

2.20. Hoi ¢6 bao nhiéu gam canxi trong 250 ml dung dich CaCl,, biét rang néu
cho 40 ml dung dich (NH,4),C,0,4 vao 25ml dung dich CaCl, d6 thi sau khi tach két
tia phai dung hét 15ml dung dich KMnO, 0,02N dé chuan do lugng (NH,),C,0,
khong tham gia phan tng, cho Ca= 40.

2.21. Chuan hdn hop NaOH, Na,CO; bang dung dich H,SO, 0,1N, chia 1am hai
phan bang nhau:

a) Phan thtr nhat chuan bang Phenolphtalein hét 20ml axit H,SO,

b) Phan thtr hai chuan bdng metyl da cam hét 25 ml. Tinh thanh phan % cua
hdn hop, choH=1,C=12,0 =16, Na = 23.

2.22. Tinh p Ag va p Cl khi chuan d6 25 ml dung dich AgNO; 0,1 M bang
dung dich chuan NaCl 0,1M tai cac diém khi thém 24,0; 25,0; 26,0ml NaCl cho
AgCl=10""

2.23. Tinh sai s6 méic phai khi chuan 50 ml dung dich AgNO; 0,1 M bang
AgNO; 0,1M néu két thuc khi pAg = 4,9 va bang 5,25.

2.24. Thém 20 ml H,C,0, 0,25M vao mot mau can 1,2340g PbO, dé khir PbO,
— Pb*" va hoa tan PbO. Trung hoa dung dich bang NH; dé toan bo Pb*" két tua hét
o dang mudi oxalat. Nudce loc dem chuin bﬁng dung dich KMnO, 0,04M hét 10ml.
Két tia loc duge dem hoa tan trong axit va chuan béng KMnO, hét 30ml. Tinh
thanh phan% khdi luong ciia PbO va PbO, cho PbO = 223,2 va PbO, = 239,2.

2.25. Tinh sai s6 mic phai khi chuan d6 dung dich HCI 0,1M béng dung dich
NaOH 0,1M néu két thic chuan d6 & pH = 3,0 vapH = 11.

2.26. Tinh sai s6 méc phai khi chuan do dung dich CH;COOH 0,1 M bang
dung dich NaOH 0,1 M néu két thic chuan do & pH = 6,0 va pH = 11.

Vi du 2: Tinh ndng do can bang & pH = 11 clia cac ciu tir trong dung dich
Mg2+ c6 noéng d6 ban dau 0,01M va EDTA c6 nong do ban dau 1a 0,02M. Trong
thi du trén, ta da tinh dugc hing s bén didu kién cua phirc MgY* trong dung dich
copH=111ap =108,28.

Phuong trinh bao toan khdi lugng ciia Mg
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[Mg’] + [MgY?] = 102
va cua EDTA la:

[Y’]+ [MgY*]=0,02.
Twr hai phuong trinh trén suy ra:

[Y’]=0,01 + [Mg’]

Thay [MgY*]1=0,01 - [Mg’] va [Y’]1=0,01+[Mg’]l vao biéu thic cia

hang s6 bén dicu kién:

g o MY 001-[Mg] _ o
Y [Mg[Y] [Mg(0,01-[Mg'])
Gié sit [Mg’] << 0,01 thi:—20L__ 1

0,01[Mg']

) 1 :
[Mg ] = 108,28 =10 528
Nhu viy, gia thiét trén 1a ding vi [Mg'] chi bang mot phan triéu cta 0,01. Ta
biét: [Mg'] = [Mg2+]aMg(0H). Trong vi du trudce ta da tinh dugc amgon™ = 1,38; do
do:
10—8,28
M 41V
[Mg™] 138
MgY*]1=10%-10%% <102
[Y’1=0,02 -MgY* =0,02 -0,01=0,01

= 1 0—8.42

Nhu vy tai pH = 11 toan bd Mg di tao phirc véi Y.

Vi du 3: Tinh hing s6 bén diéu kién cua phirc NIY* trong dung dich dém NH;
IM + NH,CI 1,78M. Biét ré“mg trong diéu kién do6 n6ng dd ban dau cua ion Ni*¥
khong dang ké so voi ndng d6 NH;. Phirc ciia Ni** v6i EDTA ¢6 hing s6 bén p =
10", Phirc ciia Ni*" voi NH3 ¢6 cac hing sd bén tong cong lan luot 1a 10>%;
10%%; 10%*; 10™° va 10*'"°. pk cua H,Y da cho trong cac phan trén. Theo dinh

nghia:
ﬂ NiY

X ni(nm;) Xy

IBM'Y =

Vi ndng d6 [Ni*"] kha nho khéng dang ké so véi ndng dd NHs, nén ta coi pH
cua dung dich la pH cua hén hop dém NH; 1M + NH,Cl 1,78M.
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[NH;]_10°%1,78
[VH; ] 1

[H] = KNH. =107

C: La ndng do chat tan (mol/l)
1: La chiéu day 16p dung dich, tinh bang cm.

g: La hé s6 hap thu phéan tir 1a hé sd tat cua dung dich khi ndng do C 1a 1 mol/1
va chiéu day dung dich = lcm. D6 1a mét dai luong khong ddi dic trung cho mdi
chat mau va phu thudc vao budc song cia anh sang chiéu vao, ban chit cua chat
tan, nhiét d6 dung dich va twong duong véi mat dd quang cia dung dich c6 nong
d6 mol/l ctia chat nghién ciru.

Thuc nghiém di xac dinh véi nhiéu hop chit mau thay e thuong khong vuot
qua 2.10°.

I, Dung dich mau I,

|

Nguén séng

1.1.2.2. Cdc dai lwong tric quang va y nghia ciia n.
a. Bé truyén qua 13 ty sb cudng do dong sang sau khi di qua dung dich I, véi
cuong do dong sang doi vao dung dich I,.

Ky hiéu 1a T=1 = 1g-ec
I

[

Dai luong T Gng voi chiéu day 16p dung dich bang 1 cm dwoc goi 1a hé sb
truyén qua.

b. Mdt do quang: (hay dd tit: Extinxim) cua dung dich 1a logarit thap phan cta
dai luong nghich dao véi do truyén qua, goi la mat do quang (hay do tt), ky hiéu
bang chir A (hay E) va bang:

1 .1
=E=lg—=lg=2=5Cl 12
A gr=lgy=¢ (1.2)

t

T dinh nghia nay ta suy ra: Mat d0 quang ty 1¢ thuan véi néng do chat tan
trong dung dich va chiéu day cua dung dich.

N6i mot cach khac: Khi chiéu day cua dung dich cua chit d3 cho 1a nhu nhau,
mat d6 quang ciia dung dich s& cang 16n, khi luong ciia chat mau trong dung dich
cang 16n. Hodc nguoc lai, khi ndong d6 cua chat tan(chat mau) da cho bang 1, mat
d6 quang cua dung dich chi phy thudc vao chiéu day cua né.

Tir day, ¢ thé di dén két ludn: Néu hai dung dich cta cing mot chit mau cé
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noéng d6 khac nhau, cudng d6 mau cua cac dung dich d6 sé dat duoc nhu nhau, khi
chiéu day cua chung ty 18 nghich v6i nong d6 dung dich.
A=¢eCl =A,=¢C,1,

L_¢ (1.3)

- CJl, =C,l, hay la

~
~

Két luan nay rat quan trong boi vi nd 1a co s& cia mot s phuong phap phan
tich do mau.

Néu biéu dién bang d6 thi sy phu thudc mét do quang (A) vao nong do (C) trén
truc hoanh biéu dién néng do, truc tung biéu dién mat do quang, ta s€ thu dugc mot
duong thfmg di tur géc toa do. Po dbc cua duong thang nay s€ phu thudc vao dai
luong hé sé tat phan tir.

AA(E) AAE)
1 1
2
2
HINH 1.1A DUNG DICH TUAN THEO HINH 1.1B. DUNG DICH KHONG TUAN THEO
DINH LUAT BIA ' DINH LUAT BIA

Néu dung dich tuan theo dinh ludt co ban Bugo - Lam be - Bia, dd thi s& 1a
duong thang. Néu dung dich khong tuén thu theo Bia, dd thi biéu dién su tuyén
tinh (A va C) s& phé hity tai mot khoang nao d6 hodc trén toan bo trudng biéu dién.
Do 1a didu rat hay thuong gip trong thuc té. véi ciing mot chét thi trong khoang
noéng do 16n co sy sai léch dang ké (pha hily quan hé tuyén tinh). Nhu vay, dinh
luat Bia ap dung dugc & mot khoang nong do nhat dinh. Dinh luit Bia con khong
ap dung véi cac dung dich huyén phu va huynh quang vi cac dung dich d6 c6 su
khuéch tan 4nh sang rat 16n va anh sang sau khi di qua lai c6 A 1on hon, viéc do
cudng do anh sang hip thu khong chinh xac. Pinh luat Bia con bi sai 1éch do anh
huong cua cac qua trinh pha loang.
1.1.2.3. Nhitng yéu cdu déi véi hop chit mau (dung dich mau) va qui tic lam
viéc.

a. Phirc phdi ¢6 dé bén I6m: tic 1a hang sb khong bén nho, hé sé hap thy phan

tur cuia phurc phai 16n.
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- Néu Ky, nho thi ion Me™ tao phtrc nhiéu, ¢ dang tu do it, lam cho do chinh
xéac ctia phuong phap ting thém, do nhay ting, vi chi can nong d6 Me™" rat lodng
da tao phtrc mau.

Vi du: Me + nR = MeRn

- Phirc bén thi cac ion la anh huéng dén viéc tao phirc cang it.

- Hé s hap thy phén tir € cia hop chat mau 16n thi d6 nhay cta phuong phap
tang 1én. Vi du phirc [Cu(NH;)s*"] trong H,0 c6 € = 500, phirc dithizol caa Cu**
trong H,O c6 € = 5000. Vi vay ma d6 nhay cua phuc dithizol hon phirc amiacat 1a
10 lan.

- Mau cta phirc nghién ctru phai chon loc. Moi chit mau twong ty hodc 1am
giam cudng d6 mau cia chat nghién ctru phai tach ra hodc lién két vao nhimng phirc
khong mau.

b. Phirc phdi c6 thanh phan khéng doi.

Nghia 13 phai tmg ding vi mot cong thirc hoa hoc nhét dinh, c6 nhu viy mat
d6 quang dung dich mdi ti 18.véi ndng d6 phirc tai ciing mot bude song hap thu.

Muén vy, phai chon céc diéu kién thich hop nhu:

- Thudc thtr chi tao nén mét loai phtrc mau.

- M6i trudng pH anh hudng t6i thanh phan phirc phai on dinh dé mau cua phirc
khong d6i, nghia 1a phai tao phuc & pH tdi uu nao do.

- Thoi gian tao phirc mau bén nhat phai di 16n, tir d6 thich hop trong d6 mau
phirc manh nhat va bén nhat, déng thoi phai do mau trong khoang nay.

Nhin chung cac phirc mau khong bén theo thoi gian do c6 hién tuwong thiy
phan, oxy héa - khir, do tic dong ciia mdi trudng... Trong thyc té ngudi ta thuong
phai chon cac phirc bén mau trong khoang 10 dén 30 phut dé kip do.

- C6 thé thém vao phirc mau nhimng chat 1am bén mau nhu giélatin. Trong mot
s6 truong hop phai tao ddy mau gia. Day mau gia 1a diy dung dich c6 mau sic va
cuong do gibng dung dich phirc mau khao sat, nhung mau bén hon, nén thuong
dung duogc 1au, thuong c6 thé pha ché tir hop chit vo co. Vi du dung K,Cr,0, dé
tao dung dich mau da cam.

c. Mau khéng dwoc thay doi theo nhiét do: néu co sy thay d6i can do mau tai
nhiét d§ xac dinh
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d. Cuong do mau phdi ty 1é véi nong do cua chat nghién ciru (tuan theo dinh
ludt Bia): ndng d6 cua cac dung dich dem do mau khong dugce qua thap hoic qua
cao, vi mat ta khé phan biét su thay doi cuong d6 mau cua nhimg dung dich nhu
thé.

1.1.3. Cac phwong phap phan tich do mau:
Trong do mau dugc chia lam 2 phuong phap chinh:
- Phuong phép cht quan (cudng do sang dugc do bang mit).

- Phuong phap khach quan hay phuong phap quang dién (tirc 1a cuong do sang
duoc do bang té bao quang dién)...

1.1.3.1. Phwong phdp do mau bang miit.
a. Phirong phdp day tiéu chudn:

- So sanh cuong dd mau cua dung dich nghién ctru voi1 cudng dd mau cua cac
dung dich tiéu chuan da biét nong do (di nhién chiéu day ctia dung dich nghién ctu
va dung dich ti€u chuan nhu nhau).

Nong d6 cta dung dich nghién ciru bang nong d6 ciia dung dich tiéu chuén nio
c6 mau triung voi nd hoic bang néng do trung binh cong cua hai dung dich chuan
ké nhau, trong d6 mot dung dich c6 mau ddm hon con mot dung dich kia c6 mau
nhat hon.

- Cach pha loang dung dich mau tiéu chuan: Lay 5-6 binh dinh mtrc dong nhat
cho vao diy dung dich tiéu chuan ciia ion can xac dinh véi lugng ting dan. Sau do
thém dung dich thudc thir va cac chat can thiét dén thé tich bang nhau. Ta duoc
day tiéu chuan c6 cuong d6 mau ting dan.

- Pha dung dich nghién ctru: Cho mét luwong dung dich khao sat vao binh dinh
murc khac (gidng binh tiéu chuin) va ciing cho thudc thir ciing cic chat can thiét
nhu cac dng tiéu chuan. Sau d6 iy cac 6ng nghiém dong nhat danh sd va tht tu
cac dung dich mau tuong tng rdi dem so sanh theo nguyén tic & trén.

- Trong mot sd trudng hop dé thu duoc nhiing két qua chinh xac hon, ngudi ta
phai tao ra mot diy dung dich tiéu chuan trung gian. Déi v6i nhitng dung dich ¢
mau khong bén, ta ding dung dich tiéu chuan trung gian gia (ché tir cac chat co
mau bén virng nhu FeCls - vang, CoCl, - héng, CuSOy-lam, K,Cr,05- da cam).

Gan day, nguoi ta c6 dung cac bo kinh thily tinh mau gia.

Uu diém han ché ctua phuong phap.

- Phuong phap day tiéu chudn c6 uu diém la dung dich khéng can tuan theo

156



dinh luat Bia, n6 c6 thé tién hanh nhanh, khong can dung cu phtic tap. Song
phuong phap c6 han ché & chd 1a chi biét duge gan dang nong do ciia dung dich
khao sat nam trong khoang hai dung dich tiéu chuan ké nhau. Nhitng dung dich
mau tiéu chudn thudng khong..bén, con néu thay bang dung dich gia hodc kinh
thuy tinh méau gia thi gap kho khin trong viéc tuyén lya diing mau sac cia ching.

b. Phwong phdp chudn dé do mau (kep doi).

- Noi dung va nguyén tic: Pay 1a phuwong phap phan tich gian tiép, ngudi ta so
sanh mau cua hai dung dich & tinh trang ludn ludn cé thé tich bang nhau. Mot bén
13 dung dich mau nghién ctru chua biét ndng do, c6 thé tich ban dau xac dinh con
mot bén 1 nude va thude thir tao mau o thé tich ban dau twong duong.

Sau d6 tién hanh chuin d6: thém vao bén nudc va thudce thir dung dich tiéu
chuan di biét ndng do tir buret xuéng. Nguoi ta thém vao bén dung dich mau
nghién ctru mot thé tich H,O tuong dwong thé tich dung dich chun di cho xuéng
cling nho mot buret thir 2.

" Hinh 1.2. Cdch chuan Jﬁé do mau

Cach tinh ndng do chit can xac dinh.

Ca hai truong hop tinh ndong d6 nghién ctru nhu sau: Gia st thé tich ban dau
ctia dung dich nghién ctru 13 V, thé tich cua dung dich tiéu chuin da cho thém luc
mau bang nhau 13 W, d6 chuan ctia dung dich tiéu chuan 13 T, ndng do Cy ctia dung

dich nghién ctru dugc tinh theo cong thirc:

—_— (1.4)

- Ut nhuoc diém cta phuong phap:

Khi chuan d6 do mau, dung dich mau khong can tuan theo dinh luit co ban
Bugo - Lam be - Bia. Viéc tién hanh c6 thé nhanh chéng. Song khong phai moi
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phan tng tao mau da biét déu dung dugc, ma chi c6 mot sd phan tng tao mau dam
bao dugc diéu kién nhu: sinh mau tirc thoi va su tao mau khong gin lién v6i nhiing
qua trinh hoa hoc phu thudc khac.

Vi du: phan tng tao phlrc mau sau:

Fe**+ 3 CNS = Fe(CNS); (d6 mdu)

la dung dugc; con phuc cua silic dudi dang amoni molip dat thi khong dung
duogc, vi phan tng gan lién véi su khir hodc nhitng qua trinh hoa hoc khac.

c. Phirong phdp cdn bang ding ti sdc ké Duy bot.

Co so va nguyén tic: Co so ctia phuong phap 13 dwa vao quan hé giira chiéu
day cua 16p dung dich v6i ndng d6 cua chung.

Trong phuong phap nay ngudi ta diéu chinh bé day cta dung dich khao sat va
tiéu chudn dén cuong d6 mau cia hai éng bang nhau (thdy duogc trén thi kinh cia
may). Ttc 12 khi hai dung dich hap thu ciing mét ti 1 nhu nhau cua dong sang roi
vao, nghia 1a mat d§ quang béng nhau: A = Ay hay chinh 1a Ci..li. = Gy s (vig 1a
nhu nhau véi cing mot chat mau).

Tur day ta suy ra:

I
C, =C, .2k
o I (1.6)

So d6 quang hoc cua ti sic ké Puybdt (hinh 1.3) va nguyén tic hoat dong cua
ty sic ké.

1. Ngudn sdng

2. Cuvét dung dung dich

3. Thanh nhing

4. Guong phan xa

5. Thau kinh

6. Thi kinh

7. Dinh vit diéu khién

Hinh 1.3. Ty sdc ké Duybét va
So do nguyén tdic lam viéc
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- Tia sang tir ngudn sang qua thau kinh tao thanh 2 tia.

+ MGt tia di qua cu vét bén phai dung dung dich mau khao sat qua truc thuy
tinh lang kinh, kinh loc rdi tip trung vao ntra trai cua thi truong.

+ Tia kia qua cu vét trai dung dung dich mau tiéu chuén, roi tru thuy tinh (2 tru
thiry tinh luon nhung trong dung dich), tiép dén lang kinh, kinh loc va tap trung
vao nua phai cia thi truong.

Nguoi ta diéu chinh try thuy tinh 18n xubng sao cho khi quan sét thi kinh thay
mau (d6 sang) cua hai nira thi trudng bang nhau.

D6 nhung cua tru thiy tinh vao dung dich sau, néng 1a bé day cta dung dich
khao sat va tiéu chuan duoc phan anh trén thang ctia may.

- Ut nhuoc diém cta phuong phap.

Phuong phap can bang 1a phuong phap do mau bang mat chinh xac nhat. Song
phuong phap nay chi c6 thé 4p dung dé phan biét nhitng dung dich mau tuan theo
dinh luat co ban ctia phép do mau, phuong phap doi hoi dung cu dic biét ty sic ké
Duy bdt.

e. Ung dung cia phwong phéap do mau bang mit.

Ung dung quan trong nhét 1a dé xac dinh pH dung dich, dya trén nguyén tic
day tiéu chuan.

Muén xac dinh pH ctia dung dich dém ciing nhu dung dich nghién ctu, ta ding
mot bo chat chi thi co khoang pH d6i mau khac nhau. Béng cach thir 1an luot tung
chét chi thi, ta xac dinh dugc gan dang pH cua dung dich nghién ctru Sau do xéc
dinh chinh xac pH. Chon mot day tuong ung cac dung dich dém ciing nhu dung
dich nghién ctru. Nhimg dung dich ndo c6 mau bang nhau 1a c6 tri sé pH bang
nhau.

Do chinh x4c phwong phap do mau chii quan phu thude vao d6 nhay cua mat
ngudi quan sat. Cac phuong phap nay 1am mat moi mét néu phan tich nhiéu. Cho
nén dé thuan loi hon véi viée tu dong hoa can dung phuwong phap do mau quang
dién.
1.1.3.2. Phwong phdp do mau quang dién.

a. Nguyén tic chung: Cac phuong phap do mau quang dién déu dua trén so d6
nguyén tic chung sau day:
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1. Béng dén

2. Thau kinh

3. Kinh loc mau

4. Cuvét dung dung dich mau
5. T€ bao quang dién

6. Cita s8

7. Dién ké

8. Dién trd

9. Nguén dién

10. Cong tac.

Hinh 1.4. So do nguyén tdc
lam viéc cua mdy do mau
quang dién

/
_____ +pF—=—=t+- —— \\ l
T~ /
6\ . -
_______ oo\ 2- l i
10

Dong sang di qua cu vét (hodc dng thtr) dung diy dung dich mau khao sat. Anh
sang qua dung dich bj tiép thu boi té bao quang dién, trong d6 ning lugng anh sang
bién thanh ning luong dién. Dong dién duoc phat sinh khi d6 dugc do bang
ganvandémét c6 do nhay cao. Té bao quang dién 1a dung cu trong d6 quang ning

duogc bién thanh dién nang.

Stolétdp da chi ra: Cuong do dong dién dwoc phat sinh dwdi tac dung ciia ning

lirong dnh sang lén té bao quang dién 1y 1é thudn véi cwong do anh sdng.

b. Cac phwong phap do mau quang dién

* Po phé truc tiép: Do d6 hap thu A cia dung dich, tinh néng d6 C cia dung

dich dwa vao gia tri E;' biét trudc (tra ctru).

A

A:E:.l.C—>C=—E— (v6il=1lcm) (1.7)

1
1

Vé6i phuong phap nay phai kiém tra may do vé bude séng A va mat d6 quang A.

* Phuong phap so sanh:
Cy=2xc, (1.8)
AH

* Phurong phdp thém: Po d6 hip thu A, cta dung dich can tim ndng do C,.
Thém mot luong chét tan da biét vao dung dich, do d¢ hép thu A ctua dung dich

tao thanh.
Ay _
Ay
Do dé: C, =

CX - AX _ CX

C.+C, A, -4, C,+C,C,

c, — (1.9)
A'X—AX
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- Phwong phdp dwong chudn:
Chuan bj mot thang tiéu chuan voi ndng d6 ting dan C;, C,, Cs...

DPo MDQ cua cac dung dich nay — A, A,, As... Po mat d0 quang A, cua dung
dich co C.

Dung dudng chuan A = f(c), tir phép ndi suy db thi ta tinh C,.
Teaco, =[Ca2+][C2042':| =8.0,1=2,10°—> $=2.10*

Vay dd tan ctia n6 so vdi trong nudc nguyén chat nho hon:

4,5.107

XTEa 2,2.10° (14n)

4.2.2. Anh huwéng ciia ion H" (pH) va chit tao phirc dén dd tan cia két tia,
tich so tan diéu kién

Do tan cua két tua s& ting 1én néu cac ion két tiia ¢6 tham gia phan tng phu voi
céc chat la ¢ mat trong dung dich. bé phan anh dugc cac anh hudéng ctia cac phan
g phu, nguoi ta dung tich s tan diéu kién.

Chang han két tiia A,,B, trong dung dich ¢6 ion H' ¢6 kha nang phan tmg véi B
va co chat tao phirc L co kha ning tao phiic v6i A, trong dung dich c¢6 cic can
bang:

A,B d=2mA™ +nB™

A tao phutrc voi L:

[4z]
A+L = AL _
' A=Al

AL

AL+L = AL B = [E{L]El]
y

- B phan tmg phu véi H'

HB+H' = H,B.. K,= [HB][#" ]

[4,B]

K,, K, 12 hing s6 khong bén cia phac HB,. H,B ciing 13 hing s6 phan li cia
axit HB va H,B.
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- Néu goi S 1a d6 tan cua két tua thi:

[A']=mS=[A] + [AL] + [AL,] + [AL;]
[B'] =nS = [B] + [HB] + [H,B]

Tir cac hang s6 K, K, ta tinh dugce [HB], [H,B].... theo [B] va [H'] Ta co:

[A]=[A] + B,[A] [L] + B,B,[AIILT® + B,B,B;[AIILT
[A’] =[A] &iﬁl@ﬂlﬁﬁjﬂlﬁﬁgﬁﬂ
Goi dai lugng nay 13 o,
[A’]= [A]aA(L)
H'][3]
KK,

v - LI

Cach xac dinh C,:

Cach 1: Kéo dai do thi vé bén trai, cit truc hoanh tai dau, d6 1a C,.

Céach 2: Tir O ké 1 duong phu song song vai do thi. Tir A, ké 1 dudng thang
song song truc hoanh, cat dudng phu tai M. Tir M ké vudng goc truc hoanh d6 tai Cy.

Tuy nhién trong thyc té phén tich c6 rat nhiéu yéu t6 anh huéng dén két qua do
mat d6 quang nhu luong du thude thir, pH méi trudng, cac cation la...

Tom lai: Dé thuc hién mét phép do quang hoan chinh cho méi phép xdc dinh
ham lwong cdc nguyén to, ticc la dé tim ra qui trinh phdn tich thich hop cho cdc
nguyén té, nha héa hoc phan tich phdi thuce hién tét cac bude sau day:

Gia str mudn xéac dinh Cr’" trong miu nho phép do quang, ching ta can thuc
tué cac budc nghién curu sau day:

1. Nghién ctru su tao phtrc cua ion kim loai voi thude thir, vi du Cr* véi 1,5 -
Diphenylcabcbazide (A max = 542 nm).

* Khao sat phd hip thu cua phic mau do tim gitta Cr* va 1,5
Difphenuycacbazide, gom:

* Xac dinh pH tdi wvu — Qua khao sat, pH = 1,5+ 2,5 (pH = 2,0).

* Khao sat anh hudng cia lugng du thude thir dén sy tao phire (V = 2ml).

* Anh hudng cua thoi gian (t = 10 - 15) d@én d6 bén cia phuc.

* Khdo sat sy tuan theo dinh luét Bia cua phtc Cr(6+) vdi 1,5D phenylcacbazo
(C=0-4mg/l).

* Khao sat anh huong cac ion la: Pb**, Zn*, Fe**, Fe’", Mn®"... Chi Fe*", Fe**
va Cu*" anh hudng (anh huong hon ca 1a Fe’), loai trir cac ion da luong Ca®*, AI’",
Ba*", Mg”" khéng anh huéng.
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Tir d6 ta tim cach loai trir cac yéu td anh hudng: Fe’™ dung phuong phap “che”
bang cach cho tao phirc bén véi PO4” (trong mot s trudng hop khac che bang CN”
, F...); con loai trir anh huong cua Cu® bang cach cho két tia trude nd bang thude
thir thich hop (cufferon).

2. Xay dyng duong chudn dya trén cac dit kién da khao sat & trén.

3. Pha cac mau gia rdi xac dinh nguyén t6 can phan tich, tir két qua tinh sai sd
(xtr 1y két qua thong ké duong chuan theo phuong phap binh phuong tdi thiéu).
Xac dinh d chinh x4c ciia phép phan tich va két luan dung dugc hay khong dung
duoc qui trinh da chon.

4. Xac dinh ham luong cic nguyén td trong mau thuec.

1.2. PHUONG PHAP PHO HAP THU NGUYEN TU(AAS)
1.2.1. Nhitng van dé chung vé phé hap thu nguyén tir
1.2.1.1. Sw xudt hién phé hép thu nguyén ti (chwa théa ddng can néi ré hon)

Khi nguyén tr ¢ trang thai co ban, ning luong cia nd la nghéo nan nhét.
Nhung khi & trang thai kich thich (thé khi, hoi) nguyén tir tu do hip thu duoc ning
lwong va sinh ra phd goi 1a phd hip thu nguyén tir

Néu goi nang luong tia sang da bi nguyén tir hap thu 1a AE thi ching ta co:

AE = (E, - E,) = hv - AE = % (1.10)

Nhu vay tGng véi mdi gia tri ning luong AE; ma nguyén tir ¢a hap thu ta s& ¢
mot vach phé hép thu vé1 do dai sang A; dac trung. Qua trinh hép thu chi xay ra ddi
vO1 cac vach phé nhay, cac vach phé dac trung va céac vach cubi cung cua cac
nguyén to.
1.2.1.2. Cwong dp ciia vach phé hép thu.

Nghién ctru su phu thudc ciia cudng d6 mot vach phd hap thu cia mot nguyén
t6 vao nong d6 C cta nguyén té d6 trong mau phan tich, mdi quan hé giita cuong
d6 vach pho hip thu va nong do N cua nguyén t6 d6 trong dam hoi ciing tuan theo
dinh luat Lambe - Bia. Nghia 14 néu chiéu 1 chum sang cuong d6 ban dau 13 I, qua
dam hoi nguyén tir ty do clia nguyén t6 phan tich ndng d6 N va bé day 1a L cm,
chung ta co6:

I=1,e %D (1.1

Trong d6: Ky 1a hé s6 hip thu nguyén tir caa vach pho tan sb vy va Ky 1a dic
trung cho ting vach phd ciia mdi nguyén to.
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Néu goi D 1a cudong do cia vach phd hip thu nguyén tu, tir cong thuc:
I =1,e™™" chiing ta co:

D= lgII"— =2,303K .NL

Hay: D=2,303K,.N.L (1.12)

O day, D chinh 1a d¢ tat nguyén ttr ctia chum tia sang cuong d6 I, sau khi qua
moi truong hip thu. D phy thudc vao néng d6 nguyén tir N trong méi trudng hap
thy, phu thudc vao ca bé day cua L cia 16p hap thy. Nhung trong may do thi L =
const, nén:

D=K.N (1.13)
Gitra N va C ¢6 mdi quan hé qua biéu thirc:

F.\W.Sny, o
OTn,

N=3.10% (1.14)

Pay 1a cong thirc tong quat tinh gia tri N trong ngon lira nguyén tir hod miu
theo Wine Fordner va Vicker. Trong do:

- F 1a tbc do dan mau vao hé thong nguyén tir hod (ml/phut).
- W 14 hiéu suét aerosol hoa mau.

- S 13 hiéu suét nguyén tir hod.

- NR, 12 s6 phan tir khi ¢ nhiét 6 ban dau. T°(°K).

- nt 14 s6 phén tir khi ¢ nhiét d6 T (°K).

- Q la téc d6 cuia dong khi.

- C 1a ndng d6 nguyén t6 phén tich c6 trong dung dich miu.

Phuong trinh trén 1a rat phtc tap, phu thudc vao nhiéu yéu t6. Nhung nhiéu két
qua thue nghiém chi ra trong mot gidi han nhét dinh ctia ndng d6 C thi

3102 EW-50 _ const =K. Do d6 D, = K. K,.C° (1.15)
OT.n,

(K, 12 hing sb thuc nghiém, b 13 hing sb ban chat)

Toém lai ta c6: D, = a.C” (1.16)

Pay 1a phuong trinh co ban ciia phép do phan tich pho hap thu nguyén tir
(AAS)

164



1.2.2. Nguyén tic trang bi ciia phép do AAS.

Dua trén chirc ndng cua bo phan thiét bi AAS nguyén tic trang bi cho phép do
gom:

Phan 1: Ngudn phat tia buc xa cong huéng dé chiéu vao méi trudng hap thu
chtra cic nguyén tir tu do ctia nguyén tb. Po 1a cac dén HCL (Holow Cathod
Lamp), cac dén phong dién khong dién cuc EDL (Electrodeless Discharge Lamp)
hay ngudn phat birc xa lién tuc da duoc bién diéu.

Phan 2: Hé thdng nguyén tir héa mau phan tich. D6 1a k§ thuit nguyén tir hoa
bang ngon lira F-AAS (Flame Atomic Absorption Spectrophotometry) va k¥ thuat
nguyén tu hoa khong ngon ltra ETA-AAS (Electro Thermal Atomization Atomic
Absorption Spectrophotometry) gdm 2 bd phan 13 bo phan ddn miu vao budng
aerosol hoa va bd phan thuc hién qua trinh Aeroxol.

Phan 3: May quang ph6 1am nhiém vu thu, phan li va chon tia sang can duoc
hudng vao nhan quang dién dé phat hién tin hi€éu AAS cua vach phé.

B6 phdt hién
2
1 3 “{>4
5 Heé dién tir
He guong He guong B6 don sac ¢ dIG

1. Ngudn phdt tia bitc xa don séc. 4. Bo khuéch dai va chi thi két qua do.
2. Hé th6ng nguyén tir h6a miu 5. Micro Computer.
3. He théng don séc va Detector

Hinh 1.7. So dé nguyén tdc mdy quang phd hdp thu nguyén ti

Phan 4: La hé théng chi thi tin hiéu hép thu ctia vach phé. H¢ théng nay co thé
c6 cac trang bi: dién ké chi nang lugng hap thy E cua vach phd, may tu ghi vio pic
ctia vach pho, bo bién s6, bd mdy in.

1.2.3. Phép phén tich phé hip thu nguyén tir (AAS).
1.2.3.1. Co s6 Iy thuyét.
a. Phwong trinh co ban cua phép do.

Néu chiéu chum tia sang don sic cuong d6 lo di qua mot chum méi trudng
chtra mot loai nguyén tir tir do nong d6 N va c6 bé day 1a L cm, thi méi quan hé
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giita [, va phan cudng d6 sang I di qua moi trudng d6 duoc tinh theo cong thirc:

Lg 17°= K'NL (1.17)

O day dai luong log (Io / I) chinh 1a ning lugng cua tia sang da bi mat di do su
hép thy cta cac nguyén tir tu do trong méi truong d6. Nhu vay nd chinh 13 cudng
d6 ctia vach phd hap thu va chung ta cé:

D, =K. N.L (1.18)
Vi N 1a néng do ¢ trang thai khi, do d6 ta phai tim mbi quan hé giita C va N,
dugc xac dinh theo cong thuc:

N=K.C° (1.19)

Trong d6 K 1a héng s6 thue nghi¢m, n6 phuy thudc vao tat ca cac diéu kién hoa
hoi dé nguyén tir hda mau, b 14 hang sé ban chat.

Néu:C, <Cy—»>b=1
C>C—>b<1

Nhu vay D, = f(K, L, C), trong d6 K, L déu khong ddi theo moi phép do (F -
AAS va ETA - AAS) do d6 D, chi con phu thudc vao nong do C ctia nguyén tb can
xé4c dinh & trang mau phan tich.

Do vdy mdt cach tdng quat chung ta c6 D; = a.c® (1.20)
Day chinh 1a phuong trinh co ban cua phép do AAS.
b. Mdu dau dé dung dwong chuan.

* Cac mau dau phai co trang thai vat 1y va hoa hoc nhu mau phan tich, nghia 13
mAau phan tich phai ton tai & trang thai, moi truong va dang lién két nao thi mau
dau ciing phai c6 tinh chat giong nhu thé. Co nhu thé méi loai trir dwoc anh hudng
cta thanh phan ctia miu dén két qua phan tich. MAu dau va mau phén tich phai
dugc ché luyén trong cung diéu kién nhu nhau.

* Cac miu dau phai bén viing theo thoi gian nghia 1a khong bi thay doi thanh
phan sau khi ché luyén va bao quan dé sir dung lau dai.

* Nong d6 cac nguyén t6 can phan tich trong cac mau dau rat chinh xac theo
yéu cau cua phép phan tich.

c. Cdc logi nong do trong phép do AAS.

Nong d6 microgam / ml hay mg/l dugc sir dung pho bién trong phan tich luong

vét va thuong dugc biéu thi theo hai cach:
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+ mg/l hay pg/ml.
+ mg/ kg hay pg/g

- Nong d6 ppm va ude sb cua nd: Nong d6 ppm (part per milion), ndng do phan
triéu ciing duoc biéu thi theo hai cach.

+ V6i miu ran néu trong 1g chira 10° g chit phan tich thi gia tri nay (10°g)
duoc goi 1a 1ppm. Uédc sé cta ppm 14 ppb - ndng do phan ti.

+ V&i mau 16ng trong 1 lit ¢6 chira 10°g mau phan tich thi ciing tuong dwong 1
ppm hay 1 mg/l (hay 1 pg/ml).

d. Khdi niém vé dé nhay:

- D6 nhay tuyét d6i 1a luong gam (khdi lwong) nho nhit cua nguyén td phan
tich co trong méi truong hip thu dé con thu duoc cudng do cta vach phd hap thu
da chon chiém 1% toan bang hép thy, hay béng 3 lan dao dong cua tin hi¢u nén.
MJi nguyén t6 va mdi vach phd s& c6 do nhay khac nhau.

- b6 nhay tuong ddi con goi la d§ nhay néng do no la néng d6 nho nhat c6
trong mau dé co thé phat hién dugc tin hiéu hdp thu ctia né theo mot vach phd nhat
dinh d4 chon va tin hiéu nay phai bang 1% cua bing hap thy toan phan, hay bang 3
lan dao dong cua gia tri nén.

e. Gioi han phat hién:

- Gi6i han phat hién twong dbi ctia mot nguyén té theo mot vach phd nhat dinh
dugc xem 1a néng d6 nho nhat cua nguyén té & trong mau phén tich dé con co thé
phat hién dugc tin hiéu hap thy cia né theo vach phd d6 trong mot diéu kién da
chon.

- Gi6i han phét hién tuyét d6i ciia mot nguyén té 1a khoi luong tbi thiéu cua
nguyén to d6 trong moi trudng hap thu cta nd ciing trong mot diéu kién nhat dinh
da chon dé phat han duoc tin hi¢u hép thu cua no.

e. Khoang xac dinh:

- Trong AAS, viéc dinh lugng mot nguyén t6 1a dya vao phuong trinh co ban.
D, =a.C’ (1.21)

Trong mdi quan hé nay, D, chi phu thudc tuyén tinh vao C khi b = 1, nghia 1a
khi nhiét d6 C 1a rat nho, khi d6 ching ta c6 thé viét.

D, =K.C (1.22)

Nhu vy, mdi quan hé giita D va C 1a tuyén tinh.

167



Khoang nong d6 C cua nguyén té phan tich tmg ding véi phuong trinh (1.20)
dugc goi 1a khoang xac dinh ctia nguyén t6 d6 theo phwong phap di néu. Trong
khoang néng d6 nay thi quan hé giita D va C ¢ dang y = ax.
1.2.3.2. Cac phwong phap phan tich AAS.

a. Phwong phdp dwong chudn

Chuan bi 5 mau dau c6 nong do ting /
dan C; — C, — C3 — C4 — Cs As

Chon céc diéu kign phu hop nguon dén 5
(HCL) budc song (nm) do cua deén, do
rong khe do (nm) cuong do bong deén
(mA), nhiét d6 nguyén tor hoéa mau, hon
hop khi dat, tbc d6 dan mau (I/phut).

Tién hanh do ta dugc cac gia tri Ay, .
AZ’ A37 A49 A5' /

Tinh C, nho phép nodi duy tir d6 thi

»

. ¢ G G ¢ G C
b. Phwong phdp thém chuan: Hinh 1.8. 6 thi ciia phuong phdp
Nguyén tic ctua phuong phap nay la duomg chudn :

nguoi ta dung ngay mau phan tich lam nén dé chuan bi mot ddy mau dau bang

cach 1ay mot lwong mau phan tich nhat dinh va cho thém vao d6 nhitng luong nhat
dinh ctia nguyén tb can xac dinh theo timg bac ndng do (theo cap sd cong). Vi du
lugng thém vao la AC,, AC,, AC;...

Ta duoc diy mau dau 1a:

Co =G, Tl
C=Cx + AC, s
C= Gy + 4G, A,
Cy=Cx + AC, A i
C,=Cy +AC, ) i

A, 1

Al ////

/ M .
& T ___L_T
g0
v C >

G, O AC, "AC, AC, AC, AC
Hinh 1.9. Pé thi ciia phuong phdp thém chudn
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Ciing chon céac diéu kién thi nghiém nhu trén r6i tién hanh do cac dung dich
trén ta dugc Ao, A1, Ay, As, Ay tuong Gmg va xay dung d6 thi A — AC.

Cach xé4c dinh nong do:
+ Céch 1: Kéo dai duong chuan, cat truc hoanh tai C, thi OC, 12 nong d6 C,.

+ Cach 2: Tir O ké duong song song duong chuin. Tir Ay ké duong song song
v6i truc hoanh cét duong chuan tai M. T M ké vuodng goc voi truc hoanh, cit M
tai X ta c6 C, phai tim.
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CHUONG 2
PAI CUONG VE SAC KY

2.1. MOT SO KHAI NIEM CO BAN
2.1.1. Sdc ky 1a gi ?

Sic ky 13 mot nhom cac phuwong phap hoa 1y dung dé tach hdn hop thanh cac
thanh phan ciia mot hdn hop d6. Su tach sic ky dugce dua trén su phan chia khac
nhau ctia cic chit khac nhau vao hai pha khong tron 1an vao nhau va ludn tiép xuc
v6i nhau: mot pha tinh va mot pha dong. Qua trinh sic ky gom 4 giai doan:

- Nap chat hép thu vao cot.
- Pua hdn hop 1én pha tinh (vi du dua cac sac t6 1én dau cot cacbonat).

- Cho pha dong chay qua pha tinh (vi du, dung méi ete, dau hoa qua cot). Qua
trinh tach s& dién ra trén cot.

- Phat hién cac chat: Sau khi tach dugc céc sac d6 trén bang cach himg vao cac
binh khac nhau ta dé dang phat hién chiing, tham chi x4c dinh dinh luong dung.

2.1.2. Phan loai:
2.1.2.1. Theo bén chit vit Iy cdc pha (theo trang thdi tong hop).
- Séc ky long - 16ng.
- Sic ky long - ran.
- Sac ky khi - 1ong
- Sac ky khi - ran.
2.1.2.2. Theo bdn chit hién twong
- Sdc ky hap phu: pha tinh 1a cht rin c6 kha nang hap phu (L - R va K - R).

- Sac ky phan bd: pha tinh 14 cht 1ong khong hoa 1an voi pha dong, chat long
duoc bao trén bé mit chét ran, goi 13 gia hodc chit mang (tro khong tham gia vao
sdc ky) trén cot va trén gidy.

- Séac ky trao doi 16n: pha tinh 13 nhya trao d6i, pha dong 13 dung dich chira chat
tan ddi qua cot.

- Séac ky theo loai cd.
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2.1.2.3. Theo kj thudt va phwong tién sic ky

- Sac ky trén cot.

- Séc ky 16p mong.

- Sac ky trén gidy.
2.1.3. Su tach sic Ky va sic dd

Xét qua trinh tach hai chat A, B trén cot (hinh 2.1).
Pha dong

v v v

™ / h - 3 - ~ ~

Mér thir

A+B |

Tin hiéu
Detector

l | | | |
t t, t, t, t,
Thoi gian
Hinh 2.1. Quad trinh tdch sdc ky va sdc do

Tai t, hai chit A, B con trong hon hop dai A va B con xen pht nhau mot phan.
Tai t, chung tach khoi nhau: A ¢ phia dudi cot, B & trén cdt. Tai T;, A da dugc
tach & dudi cot, con B van & trén cot. Tai T4 thi B duoc tach ndt (bit ddu xudng
binh). Vay néu cot c6 d6 dai can thiét, ta co thé tach riéng- cac chét trén d6 vay
theo thoi gian, trong qua trinh di chuyén cac dai bi mé rong lam anh huéng dén
viéc tach hai dai canh nhau.
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Nong do

Quing dudng di chuyén
Hinh 2.2. Su md rong ddi sdc ky
2.2. CO SO LY THUYET CUA SAC KY.

Dé hai chat dugc tach hoan toan khoi nhau ta thay:

- Hai pic phai cach xa nhau nghia 13 hai chét phai c6 téc d6 di chuyén khac
nhau rd rét (hay bi luu giit manh yéu khac nhau 13 rét trén cot): sic d6 (b) (hinh
2.3)

- Hai pic phai gon (hep va cin d6i) nghia 1a khong c6 sy dodng pic (hay su mé

dai) (sic do (c)) (hinh 2.3).
|
| |
_ﬂL (@)
| |
L
| |
l |
| |
M )
—
I
|
|
|

Tin hiéu detector

(©)

Thoi gian

Hinh 2.3. Hai cdch tach hai chdt xen phi nhau

2.2.1. Téc do di chuyén ciia cac chit, dugce dic trung boi hé $6 phan bd cta nod
giita hai pha, bdi cac dai luong vé su luu gilt cua chat d6 trén cac pha tinh (thoi
gian luu, thé tich luu).

a) Thoi gian luu. (tg) 13 thoi gian can thiét dé mot chat di chuyén tir noi tiém
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mau qua cdt sic ky t6i detector va cho pic trén sic do (tinh tir lac tiém dén khi xuat
hién dinh cua pic).

Thoi gian chét (ty) 13 thoi gian can dé mot chat khong bi giit lai trén cot.
tr cang lom, chét tan bi luu gilr cang manh va tbe @6 di chuyén qua n6 cang nho.

b) Hé s6 phin b6 K
K =—5 | (2.1.)

O day Cg va Cy 12 ndng do chit tan trong pha tinh va pha dong

c. Hé 56 dung lwong K’ 1a mot dai lugng quan trong duoc dung rong rai dé mo
ta toc d6 di chuyén ctia mot chat.

1 QS
K'==% (2.2)
Ou
Qs, Qu 12 lwong chat tan phan bd trén pha tinh va pha dong
Do dé K'= CCs_Vs ~kYs . trong d6 Vs, Vi 1a thé tich pha tinh, pha dong
M™M M
Klz_t_'_li_ztR—’M:_VR_VM (23)
L, Vs ’

Vatordotaco: tg=ty (1+K")
Khac v6i K, K khong nhitng phu thudc vao ban chét cac pha, ban chat cta chat
tan, vao nhi¢t d0 ma con phu thudc vao dac diém cta cot (ty 1€ Vs/Vy cua cot).

Néu K’ cang 16n tbc do di chuyén cang thap. Pé tach mot hdn hop cac chit,
ngudi ta thuong chon cot, pha dong, cac diéu kién phén tich khac sao cho K’ cac
chat ndm trong khoang tir 1 - 8. Néu K’ > 8 thi thoi gian phan tich qua dai. Néu K’
< 1 pic s& xuat hién qua sém d& 13n véi pic khac.

Tbc dd di chuyén ty dbi cua hai chat: duoc dic trung bdi thura s6 chon loc hay
hé sb chon loc a.

_K, _K'y _ths (2.4)
KA K'A t'R,A

Theo qui ude, B bi luu gifr lai manh hon A vi vdy o luon 16n hon 1, o con dugce
goi 1a d6 luu gitr ti ddi (relative retetion).
2.2.2. Sw doang pic va hinh dang pic

Khi quan sat cic pic trén sic ky d6 hay biéu dd ndong do chat trén cot, ta thay
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ching c6 dang twong tu nhu dudng cong phan bd chuan Gauss thu duogc khi ta v&
duong cong phu thudc giita gia tri cta két qua cac thi nghiém lip va tin sd xuét
hién céc két qua d6 (hinh 2.4).

Tlam : h

Truc thoi gian

eﬁl—}é

Wy \\
I& =\
/ 40

Truc thoi gian

Hinh 2.4. Pic sdc d6 (a) va duong cong chudn Gauss (b).

Hinh déng 1y tudng cta pic 1a luc ddi xtng. Trén thuc té pic sac ky chi gan d6i
xtng. Dé danh gia tinh bat d6i cua cac lyc nguoi ta dung hé sb bat doi.

g

AF = @2.5)
a

b = 1/2 chiéu rong phia sau cta lyc, a = 1/2 chiéu rong phia trudc.

AF =Db/a

Time exis

Truc thoi gian

Hinh 2.5. Tinh bdt déi cua pic
Chiéu rong cta pic dugc do ¢ 1/10 chiéu cao cua pic.

Mot cot duge nhoi tot s& c6 gia tri AF trong khoang 0,9 - 1,1.
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Sy dodng pic hay sy mé rong dai 1a hién tuong dic biét quan trong trong sic ky
va duoc nghién ctru qua thuyét vé dia va thuyét dong hoc. Su dodng pic 1a két qua
ctia sy di chuyén nhanh cham khac nhau ciia cdc phan tir ctia cting mot chat khi di
qua cOt sit ky. Cac lyc ra mudn bao gio cling tu hon. Mot ¢t sdc ky tt s& cho céc

luc nhon.

2.2.3. D) phan giai va cac yéu to6 anh huéng.

D0 phan giai 1a dai lugng do mirc dd tach hai chét trén mot cot sic ky.

Xét truong hop tach hai chat A va B (hinh 2.6).

g
3
(V]
o
=
«Q
2
A=
&=

e

! \
1 Trawg )
V7 L Wa M Wa H.;
4
Thoi gian
Hinh 2.6. Dé phdn gidi duoc dinh nghia nhu sau
tp g-t K/c 2 pic
= R.B " lR,A _ - 2.6)
12 (W, +W,) Do rong TB cua pic
Pé taing Rg: - Tang chiéu dai cot dé tang N.

- Thay d6i thanh phan pha dong dé ting K’
- Tang o (bing cach thay cot tirc 1a thay doi pha tinh hodc thay
d6i thanh phan pha dong).
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2.2.4. Thoi gian phan tich

bo la yéu tb quan trong nhat. Dé dat duoc do phan gidi Rg xac dinh thi can thoi
gian phan tich 12 bao nhiéu. Muén viy ta dung cong thirc.

2 ' )3
, opelH| o ) (1+K,) 2.7)
’ u (a—l) KB

tr.g 1a thoi gian luu cua pic cudi cung

u 1a tbc d6 thang ciia dung moi.

H 1a hiéu luc cot.
2.3. CAC PHUONG PHAP TAC SAC KY
2.3.1. Sic ky 16ng hi¢u ning cao.
2.3.1.1. My sdc ky léng hiéu nding cao

Resenvoir Pomps Injecteur
de phase mobile

1. Binh chita dung méi.
2. Bom cao dp.

3. B9 tiém, miu.

4. Cot sac ky

5. Detecter

6. Mdy ghi tin hi¢u.

Colonne

Détecteur J\/éL

Enregistren

Hinh 2.7. So' do nguyén tic cho mdy sdc ky long cao dp

Céc thanh phan chinh ctia may sic ky 1ong cao ap.

a. Binh chita dung méi va hé thong sir Iy dung méi, bang thuy tinh hodc thép
khong ri.

b. Hé thong bom phai dugc ap suét cao (3000 - 6000psi hodc 250 - 500at, luu
luong bom khoang 0,1- 10ml/ph, khong bi an mon boi nhiéu loai dung méi).

c. Hé tiém mdu: pho bién 1a ding 1 van tiém c6 vong chtra mau véi dung tich
xac dinh va chinh xac 5 - 500 pl.

d. Cét sdc ky (dai 10 - 30cm), bang thuy tinh hodc thép khong gi.

e. Detector: Dé phat hién cac chat va cho cac tin hiéu dugc ghi trén sic d6 (tur
ngoai (UV) dung dén Doteri hay dén Vonfram).
2.3.1.2. Cdc phwong phdp sic ky.
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a. Sdc ky phdn bo hiéu ning cao: GOom hai loai: sic ky long - long va sic ky
pha lién két.

* Sdc ky long - Iong: Pha tinh 13 chét 1ong dugc hip phu (bdo hoa - bao) trén bé
mat chit mang (support), pha dong 13 dung dich chira chét tan (can tach qua cot),
pha tinh thuong bi dung méi hoa tan dan.

* Sdc ky pha lién két: Pha tinh dugc gin hoa hoc (lién két v6i chat mang) tao
nén HC co siloxan

CH;

CH3 CH3
-sl< OH + a SR §1-o §1-
CH
3 CH3 CH3 CH3
Nhém silannon Dan xuit Dan xuat siloxan
cta silicagel clorosilan

- Néu R 12 nhém dung mdi it phan cuc nhu octyl (Cs) octadecyl (Cis)hay
phenyl (C6H5) va dung méi phan cuc nhu methanol, acetonitril thi c6 sic ky pha
dao.

- Néu R 12 nhom khé phan cyc nhu ankyl amin-(CH,),-NH, hay ankylnitril ta
c6 sac ky pha thuan.

* Ung dung cta sic ky phan bd hiéu ning cao dé tach cac chat thudc nhiéu linh
vuc: thude khang sinh, thudc an thén, thube giam dau.

b. Sdc ky hdp thu hiéu ning cao: chét tan bi giit lai trén bé mat pha tinh tic 1a
chat hap phu va bi dung méi day ra (phan ing hap phu).

- Pha tinh 14 nhiing bt min silicagel va Al,O; - pha dong 1a cac dung mdi hitu
co: hexen, heptan.

- Ung dung: Dé tach cac chat it phan cuc, cac chat hitu co khong tan trong
nudc.

c. Sdc ky trao déi ion hiéu ndng cao.

* Nhuya trao d6i 16n 1a hop chat cao phan tir c6 chira nhém chire ¢6 kha ning
trao doi.

Phan thanh hai loai: cationit vao anionit: cationit axit manh (HSOj3") va duoc
dung rong rai, cationit axit yéu - COOH. Anionit bazo manh c6 nhom quan béc 4 -
N(CHs;);', OH" va anionit bazo yéu c¢6 nhom amin bac 2 hoac bac 3.

177



* Hang sb trao d6i ion:
RA+B' = RB+A* »K,, Jﬁ’l]_[_{:l:[f-‘:]
[Ra)[B°] 5]

. .2 P ” + y . 4 - A
Kag > 1, <1 va =1 bi€u thi ai luc cuia B" véi RA manh, yéu hodac thuan

nghich.
- Vi cationit:
RSO,H + Ca®* = (RSO;), Ca + 2H*
- Vi anionit.
2R(CH,);0H + SO¥ = [R(CH,),],SQ, + 20H

* Dung luong trao ddi dic trung cho kha ning trao d6i cta ion chit tan véi 1g
ionit. N6 phu thudc vao ban chat chat hép phu, dung méi va nhiét do.

* Ung dung: dé tach cac chat hiru co va vo co.

2.3.2. Sic Ky 1éng trén méit phiang

Qua trinh sic ky duoc tién hanh trén mot to gidy hay mot 16p bot vai va duge
giit trén mot mit tim kinh, chat déo hay kim loai. Ban than 16p méng c6 thé 1a pha
tinh hay chi 1a chit mang dé giit pha tinh trén d6. Pho bién nhit 13 sic ky 16p
mong.
2.3.2.1. Sic ky l6p méng.

Dung dé thir do tinh khiét ctia san pham, dugc dung trong cac thi nghiém 1am
sang, trong nghién ctiru sinh hoc, héa sinh. N6 duogc tién hanh trén mot ban thay
tinh c6 rai mét 16p mong dinh chic cta cac hat bot min.

a. Trang bi.

* Chat hép phu: silicagel (0,07 - 0,1 mm), Al,Os, thach cao, celuloza, bot poli
axit...

* Ban mong: - Ban mong dinh chac (chat hap phu dé tron thém chéat két dinh
(thach cao, tinh bdt), né 1a kinh ¢6 cac cd khac nhau).

- Ban mong khong dinh chic, rai bot c6 hoat dong thich hop 1én tim kinh va rai
bang mot dia thép.

* Dung moi phai tinh khiét: hexan, heptan, xyclohexan, cacbon tetra clorua.

* Binh sic ky: C6 thé dung céc binh chuyén dung hodc céc lo rong miéng, binh
hinh tru thong thuong.
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b. Qud trinh chudn bi va ky thudt sdc ky.
* Chuan bi:
- Ban mong va binh sic ky thich hop.
- Cham dung dich 1én 16p moéng.
- Pit ban séc ky vao binh.
- Hién hinh sic pho.
2.3.2.2. Sdc ky gidy.
a. Trang bj:

* Gidy sac ky: Pugc 1am bang mot loai gay dic biét. Bot gidy duoc ché hoa
bang hdn hop axit vé co HC1 + HF cac soi xenlulozo phai thang va dung moéi di
chuyén cham trén gidy nay.

* Dung moi:

- Pha tinh 13 nuéc c6 pha axit, kiém, cac dung dich dém hay cac dung moi phan

cuc.

- Pha dong thuong it phan cyc hon pha tinh: butanol, ancolbenzilic, benzen,
axeion.

b. Qud trinh tach va ky thudt sdc ky.
* Binh sic ky: 1am bang bo can thily tinh hay lo miéng rong.
* Chuén bi ban mong va binh sic ky thich hop.

Cho dung méi vao binh, quanh thanh binh 16t gidy loc dé bao hoa dung moi
dugc nhanh hon. Néu tién hanh sic ky phan bd thi chuan bi dung méi va binh
tuong tu nhu sic ky giay.

— Vi 16p mong dinh chic c¢6 thé danh diu duong xudt phat & mép dudi
khoang 1cm. Ding micropipét hay 6ng mao quan cham 1én nhiing diém cach nhau
it nhat 1 cm. Vét chim phai gon.

* X4c dinh hé s6 cham: Rf

L
R, ===
A
Trong do: L, 1a vét di chuyén cua dai

L, 1a vét di chuyén cia dung mdi, dugc tinh tr di€ém xuat phat
dén vach cudi cung cua nd. HE s6 cham R khong phu thude vao
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noéng do ma chi phu thudc nhiét do diéu kién tién hanh, pH moi
truong vao ban chét cia chat phén tich.

Vét thadm l ............... R
dung moi
V&t di chuyén g-------- A L,
cla dai
L,
" YRR \ N Y
V&t xuat phat

Hinh 2.8. Binh sdc ky

(1. ban mong sac ky; 2. hoi dung méi;
3. Dung mdi; 4. miéng kinh da; 5 vach xuat phat).
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CHUONG 3
CAC PHUONG PHAP PHAN TiCH PIEN HOA

Trong phén tich dién hoa ngudi ta chia ra nhiéu phuong phap sau: Phuong phap
do thé, phuong phap cuc phd, phuong phap dién phan, phuong phép dién trong
luong, phuong phap dién dan.... Tuy nhién ching ta chi nghién ctru hai phuong
phap do thé va phuong phép cuc phd.

3.1. PHUONG PHAP PO THE
3.1.1. Thé dién cuc
Trong truong hop tong quat, xét phan tng:
Ox + ne = Kh
Cho ta mot thé goi 1a thé oxy hoa khtr (hay thé dién cuc).

E=E°+ BL 1 Gur (3.1)
nF  a,

Thay gia tri cia R = 8,314J/mol. K; T =298 K; In = 2,303lg;
F =96.500 Culong vao (3.1) ta co6:

0,059, a,
lg—
n a,

E=E+ (3.2)

3.1.1.1. Céch xdc dinh thé di¢n cwc
Dé xac dinh thé dién cuc cua ban phan tmg: M*™ + 2e = M°(s)

O day M° 1a kim loai dé tao ra 1 dién cuc dung mach do thé & hinh 3.1.

Hinh 3.1. Mach do thé dién cuc.
- Pién cuc kim loai M (1)
- Cau mudi )

- bién cuc hydrd tiéu chuan  (3)
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Co ky hiéu: P, H, (p at) // H'(x M)

Néu kim loai M 1a Cd nhtng vao dung dich c6 nong do 1én Cd** 1a Imol/l, thi
von ké ctia mach s& chi 1 0,403V. Luac d6 Cd dong vai tro 1 anot, cac electron di
tir kim loai ndy qua mach ngoai dén dién cuc Hydro tiéu chuan, phan Gng trén 2
dién cuc la:

Cd(r) = Cd* +2e (anot)
2H" + 2e = H,(k) (catot)
Phan g dién hoa toan phan la:
Cd(r) + 2H' = Cd** + Hy(k)
Néu thay Cd bang Cu c6 tinh khir kém hon H, ta c6 phan tGng.
Cu** + Hy(k)= Cu’(r) + 2H*

Va Cu dong vai tro canh, con H; 1a anot. Nhu vay khi ghép véi H, thi, Cd —
anot. Cu - catot.

Theo qui udc Jupac (Stockhom 1953) déu cua thé duoc xac dinh chinh bing
diu cua dién cuc nay khi ghép véi dién cuc H, chuin ctia mach galvanic dién cuc
Zn, Cd 1a nhiing nhét cho céc electoron qua mach ngoai di dén dién cuc H,. Nhu
vay cac kim loai nay 1a ddu Am cta mach, gia tri thé ctia nd6 mang dau am.

Zn** +2e = 7Zn(r) E’=-0,763v
Cd* + 2e= Cd(r) E’=-0,403v
Con Cu khi ndi véi dién cuc H, chuén sé 13 cuc duong cua mach.
Cu® 4+ 2e = Cu%r) E’%= + 0,34v
Ap dung phuong trinh Nernst cho cac phan tng oxy héa khi:
Cr,0% + 14H* + 6e = 2Cr** + 7TH,0:

- Co H' tham gia:

I:Cr2072':”:H+ ]M

0,059, |
[er]

E =E’+

- C6 kim loai hinh thanh:
Zn** +2e = ZnV

E=E"+

0,059 "
lg| Zn
>l
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- C6 OH tham gia
BrO; + 6e + 3H,0 = Br + 60H

2. 0’0591 [ BrO; ]

£ 6 ° [B][onT

3.1.1.2. Mach dién hoa
* Mach dién hoa phan ra 2 loai: mach ganvanic, mach dién phan.

* Mach dién hoa gdm c6 2 ddy dan goi 14 hai dién cuc nhung vao hai dung dich
chét dién ly, mot dién cuc goi 1a catot, dién cuc kia goi la anot, & day xay ra qua
trinh oxi hoa.

* Céach ky hiéu: M/M**(ymol) // H" (x mol) / Pt, H, (p at).
3.1.2. Cac loai dién cuc
3.1.2.1. Dién cuc so sanh
La loai dién cuc tro ma thé thay doi it khong dang ke.
Thuong dung 1a dién cuc calomen va dién cuc bac clourua.

a. Dién cuc calomel // Hg,Cl,bh, KCI (x M) / Hg, Pt (X la nong do méi ciia KCI
trong dung dich).

Phan tng dién hoa trén 2 di¢n cuc.
Hg,Cl,,, + 2¢ = 2Hg + 2CI'

Thé dién cuc phu thudc vao nong do CI” va nhi¢t do. Sau day la cac so li¢u lién
quan dén dién cuc calomel:

Tén dién cuc bao hoa Néng do KCl1 Thé dién cuc & nhiét d6 t°C
Bio hoa +0,241 - 6.6.107(t-25)
IN 1M +0,280 - 2,8.107(t-25)
0,IN 0,1M +0,334 - 8,8.107(t-25)

b. Pién cuc bac clorua (dién cuc bac).

Tuong tu nhu dién cuc calomel, sgi day bac nhing vao dung dich KCl bao hoa
mudi AgCl.

// AgCl bao hoa, KCl (xM) / Ag

Phan tng dién cuc:
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AgCl,+e = Ag,+CI

Dién cuc ndy thuong duoc ché tao voi dung dich KCI bao hoa, thé ¢ 25°C (do
voi dién cuc Hydro chuén) la 0,197V. Ca hai dién cuc nay luén san ¢6 trén thi
truong.

3.1.2.2. Di¢n cuc chi thi
Chia lam hai nhom: - Dién cuc chi thi kim loai.
- bBién cyc mang chon loc 1on.
a. Dién cuc chi thi kim loai.

* Pién cuc logi 1, cho cation: Pién cuc nay dung dé xéac dinh néng do trong
dung dich. N6 gom 1 ddy dan kim loai nhing vao dung dich mudi hoa tan ctia kim
loai d6. Vi du:

Cd/Cd (NO,),
Pb / Pb(CH,COO),

* Dién cuc logi 2, cho anion: Pién cuc kim loai c¢6 thé chi thi gian ti€p cho
anion tao tua it tan hodc tao phtrc bén véi kim loai do. Vi du:

- Thé dién cuc bac phan anh néng do 16n I trong dung dich:
Aglr) +e = Agn)+ I (E°=-0,15V)
- Bién cyc Hg khi c6 mat ctia phttic EDTA (Y") véi Hg2+
Phan tng dién cuc:
HgY* +2e = Hg(Idng) + Y* (E°=0,21V)
* Dién cuc cho hé oxi hoa khu.

- Mot sb kim loai nhu Pt, Au, Pd, Cd thuong lam dién cuc cho h¢ oxi hoa khu.
Vi du 1 soi day Pt nhung vao dung dich hoa tan ctia mudi Ce™ va Ce™ c6 thé E:

E = E° + 0,0591g [ce” ] (3.3)

G
bién cuc nay co thé 1am chi thi khi chuén d6 véi dung dich chuan Ce*".
b. Pién cuc mang.

* Dién cuc thuy tinh do pH.
- Cu tao.

+ Ban thuy tinh mang mong c6 bé day khoang 0,03 — 0,1nm.
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+ Mot dién cuc AgCl nam & trong ban thiy tinh méng. Mang thiy tinh nay tao
ra thé dién cuc phu thudc vao pH cua dung dich.

- Mach do pH.

- Khi néi dién cuc thuy tinh vé1 dién cuc calomel bdo hoa (Electrod Calomel
Saturation (SCE)) ta c6 mach dién héa do pH dung dich SCE // H;O+ = a;/mang
thiy tinh / H;0" = a,, CI', AgCl bdo hoa / Ag.

bién cuc thuy tinh.
E=L+0,059 Ig ay, (L 1a mot hang s6 a = 1).

Tinh chat cua dién cyc thuy tinh nhay véi pH dd duoc nghién ctu dau tién
(1906) béi nha hoa hoe. M.Cremer.

* Pién cuc mang chon loc ion:

Mang ran 1a 1 mang dan dién ion, co thé la:
+ Pon tinh thé LaF, chon loc ion F'.
+ Pa tinh thé Ag2s.

+ Tinh thé hdn hop chtra cac mudi khac nhau cua ion Ag™ hay S*
phan tan trong nén Ag,S
- Mang 16ng tao nén dién cuc phirc tap hon. N6 gém hai 6ng ddng tim. éng
trong dung dung dich dién cuc Ag/AgCl. Giira 2 thanh ng c6 chat trao d6i 16n
16ng vo co. Phan dudi dng 1a chit déo gitr chat 16ng trao doi 16n.

THH

Hinh 3.2. M6 hinh cdu tao dién cuc.

(a) Dién cuc thuy tinh: Dién cuc Ag/ AgCl(1) nhing vao dung dich dung trong
mang thuy tinh (2).

(b) Pién cuc mang ran: Pién cuc Ag/AgCl nhing vao dung dich cé cac ion
Na’, CI' va F". Mang (2) & phan duéi chon loc con c6 thé 1a mang don tinh thé da
tinh thé hay tinh thé hdn hop.

(c) bi¢n cuc mang 16ng: Pién cuc Ag/AgCl nhing vao dung dich c6 chtra ion
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chon loc. Vi du Ca®" (nhting vao mudi CaCl,: mang chét déo (2) gitt chét trao doi
16n dyng gitra hai 6ng dong tam (3)). Dy 1a mot chat long hitu co khong bay hoi,
khong hoa tan trong H,O. Phan ing chon loc véi ion Ca”", dién cuc mang long
chon loc ion Ca*" hién co6 voi chét trao ddi 1on 1 dieste cua axit phosphoric hoa tan
trong mot dung méi phan cyc. Can bang qua mang 1a:

[(RO),POO],Ca = 2(RO), POO' + Ca?*
AT (L 12 hing s6) (3.4)

n

=>E=L+

3.1.2.3. Cdc phwong phdp do thé.

a. Phwong phdp do thé truec tiép

* Co 5o Iy thuyét

Phuong phéap do thé truc tiép dwa vao gia tri chénh léch thé giita catot va anot

E=Ec-E, (3.5

Strc dién dong E ctia mach ganvanic ndy dugc dung dé dinh luong khi nguoi ta
dung dién cuc so sanh lam catot va dién cuc chi thi lam nudt.

Khi 2 dung dich dién 1i c6 thanh phan khac nhau, tiép xtic v6i nhau tao ra 1 thé
& bé mit tiép xuc. Thé phat trién ¢ bé mat d6 goi 1a thé tiép xtc 1ong (E)). Thé nay
bt ngudn tir tdc d6 dich chuyén khac nhau cta cac ion (cation va anion) giira 2
dung dich. Néu thanh phan dung dich don gian nguoi ta c6 thé tinh duoc thé tiép
xuc 1ong tir linh do cac ion. Trong thuc té ctia phuong phap do thé truc tiép. Thanh
phan dung dich thuong phic tao nén kho tinh toan duoc gié tri E;.

Mot s6 yéu té thuc nghiém lam giam dang ké E;la cau mudi ndi hai dung dich.
Nong d6 chat dién li ting dang ké 1a linh do cation va anion gan nhau ¢ bé mat
phan cach 13 hiéu qua do cau mudi mang lai trong thyc hanh thuong dung dung
dich bao hoa KCI (ndng do khoang 4M). Pép tmg ca hai miit.

- Nong d¢ chét dién li cao.

- Linh d6 cua K'va CI' chi khac nhau khoang 4% véi viéc st dung cau mudi
trong nhiéu truong hop tri so E; khoang va mV. Tri sO ndy co thé bé qua.

Mach do tryc tiép:

bién cuc chi thi / Dung dich can phan tich X (ay) // di¢n cuc so sanh

Co tri s6: E = Eg - Ec + E; (3.6)

Eg va Ec 12 thé dién cuc so sanh va dién cuc chi thi tuong Ung. Thé cua Ec:
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Ec=L+ ——0’059lgaX
n

Dem gié tri nay vao (3.6)

— _ _E-0
pX = - lga, 0,059/ 3.7

Q=(Er+Ej—L)chico thé danh gia bang thyc nghiém véi dung dich chuén co
nong do da biét.

* Cac cach xac dinh néng do.

- Lap duong chuan véi n dung dich chuan.

- Phuong phép so sanh: Tinh gia tri Q tr phuong trinh (3.7) khi do E cia dung
dich d3 biét néng do.

- Phuong phap thém: Dung dich phan tich c6 nhiét d6 Cy chua biét thé tich V,.
Thém Vg cia dung dich da biét ndng d6 Cs. Gia trj thé do duoc trude khi thém 1a
E,, sau khi thém 1a E,. Twr (3.7). Ta co:

— CSVS
X W, +V).107F -, (3-8)
Gday R={BAk (3.9)

* Po pH voi dién cuc thuy tinh:

Khi d6 dién cuc so sanh la dién cuc calomel va dién cuc chi thi 1a dién cuc thuy
tinh. Thé cta dién cuc thuy tinh.

E,= Eon +0,0591g [H'] (E%=0)

Do d6 pH = —Z%
0,059
= Ecal - 0,0591g [H*]

= Ecal + 0,059 pH
pH = E%B_SE;_L (3.10)

b. Chudn dé do thé.

Uu diém: - B9 do nhay cao
- Dung dugc voi dung dich mau duc
- Khéng ¢6 sai s6 cha quan.

Yéu cau: Gidng chuan db thé tich thong thudng.
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* Chudn dé do thé khéng dong.

Pay 1a phuong phap co dién: Trong qué trinh chuan d¢ ngudi ta do sirc dién
doéng cua mach galvanic khong c6 dong di qua (i = 0). Chudn do nay c6 thé thyc
hién véi cac phan g c6 ban chat hoa hoc khac nhau

* Chuén d6 axit bazo: dung dién cuc chi thi cho su thay d6i pH ctia dung dich -
thuong dung 1a dién cuc thuy tinh.

* Chuan d6 két tua: P& chuan d6 halogen bang ion Ag’ nguoi ta dung dién cuc
bac lam dién cuc chi thi.

- Phan tng chuan do:

Ag'+X =AgX !
Ts=[Ag"] [X]
- Phan tng dién hoa trude diém twong duong.
AgXd+e=AgN +X
- Phan tng dién hoa sau diém twong duong:
Ag'+e = Ag’
E, =E°% + 0,059 1g [Ag*] (b)

Do dién cuc bac thuan nghich véi ion Ag+ nén & cung néng do véi ion Ag+ hai

phuong trinh (a) va (b) c6 gia tri ngang nhau: E,; = E, va nhu vay:
E% = E% + 0,0591g Ts ()
Nhu vay su khac nhau thé true va sau diém twong ing véi budc nhay thé la:
AE=E!-E’ =
=E? - (E% + 0,0591g Ty) = -0,0591¢T,

Néu Ts cang bé thi budc nhay thé cang 16n.

* Chuan d6 bang complexon III: Chat nay khong c6 phan tng dién cuc, nhung
khi str dung dién cuc thich hgp s€ c6 phan ing dién hoa trén bé mit tao ra thé on
dinh.

Vi du: Complexon III (H,Y?) tao ra phtic bén véi nhiéu kim loai:

H,Y? + M¥* = MY? +2H"
+ 72 2~
o [0 o

- [y ]
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Vi dién cuc kim loai M® khi ¢6 mat H,Y* phan tng dién hoa sau dé dang xdy
ra:
H,Y> + {M-2e = MY? + 2H*
0,059 [MY™ JaT
> ¢ EAS

E, =E + (8)

Sau khi phan tng & (e) két thuc, ion M*" ¢6 du (dugc thém vao) cho phan Gmg
dién cuc moi:

M* +2e = MY
0 0,059 s .
= —-——l M
E,=E%+ > g[ ] (1)

Lay gia tri [M*>"] tir phuong trinh (e) thay vao phuong trinh (i) ta c6:

0, 059 0,059, [MYz][H]
=EF% - =" 1gK + = k
Do E; = E; nén tir (k) va (e) ta co:
E’ =EJ - 9_0_5_9_ng
0,059

AE:E‘;-E°_—2—1 gk

Nghia I K cang 16n budc nhay thé cang dai.

* Cdch xdac dinh diém két thiic khi chudn dé do the.

C6 2 cach v& d6 thi biéu dién E = f(v) (hinh 3.3a) hodc vé& dd thi biéu dién -2% =f(v)
(hinh 3.3b)

[A Y W}

AV

AE ’ A

A4

a b
Hinh 3.3. Phuong phap do thi

v<

* Chudn do do thé dong khéng doi (i = 0)

Ba‘mg ngu@n ngoai nguoi ta cho qua dién cuc chi thi mdt dong dién cuong do
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vai microampe - tirc 1a [am phan cuc dién cuc, nho d6 lam tang nhanh qua trinh
cho nhén electron trén dién cyc - 1am qua trinh nhanh dat dén can bang, vi vay thé
6n dinh nhanh, lap lai t6t. Gia tri thé phu thudc vao tri s6 dong phan cuc.

- C6 thé phan cyuc nudt hay phan cuc catot.

- C6 thé dung 2 dién cuc giong nhau trong cing mot dung dich nhung phai lam
phan cuc ca 2 dién cuc.

3.2. PHUONGPHAP CUC PHO VA CHUAN PQ AMPE
3.2.1. Phwong phap cwe phd
3.2.1.1. Co sé ciia phwong phdp cwc phé

Néu dit mot hiéu thé vao hai cuc nhung vao dung dich chat dién li va tang dan
thé hiéu do, ban dau dong dién chay qua dung dich hau nhu khéng doi. Khi hiéu
dién thé ting dén mot gia tri du dé phan huy chat dién li thi cudng do dong sé ting
1én mot cach dot ngdt. Gia tri thé hiéu d6 goi 1a thé phan huy.

Néu ding mét trong hai cuc c¢6 bé mat nhé (thuong dung catdt giot thuy ngan)
con cuc kia c6 bé mit 16n, thi khi cho dong mot chiéu qua dung dich, & cuc c6 bé
mat nho xéy ra su bién thién néng do (do chit dién li phan huy); vi bé mat dién cuc
qué nhé nén mat do dong dién cuc 16n.

Cung voi su ting thé hiéu gitra hai cuc, cudng d6 dong chay qua dung dich va
mat d§ dong trén cuc nhoé tang 1én, thi con bi khir & vung sat vai bé mat cuc nho
ting 1én nén lam giam ndng d6 cua ion bi khir & d6 xudng. Tiép tuc ting thé hiéu
gitra hai cuc 1€n thi sy ting mat d§ dong trén dién cuc nho dan t&i két qua la dén
mot luc tat ca cac ion duoc chuyén dén canh déu bi phong dién. Su bd sung céc ion
tor dung dich cho 16p dién cuc xéy ra chdm hon qué trinh phong dién trén bé mat
dién cuc. Khi d6 su ting tiép hiéu dién thé giita hai cuc s& khong gy ra duoc su
tang dang ké cuong d6 dong dién chay qua dung dich.

3.2.1.2. Dong khuéch tin trén dign cwe giot Hg.
Cuc pho 1a qué trinh dién phan dung dich nghién ctru trong nhiing diéu kién
dac trung, do la:

a. Pién cuc: Dung dién cuc giot thuy ngan lam chi thi. D6 1a dién cuc c6 dién
tich bé mat nhé nén mat d6 dong kha 16n (A/cm?). Nho d6 khi dién phan, & khu
vuc gan dién cuc ndéng do 16n tham gia phan tng giam nhanh, dat dén can bang,
tao ra dong gioi han.

Dién cuc so sanh ¢ bé mit kha 1on, 16n hon nhiéu dién cuc chi thi. Vi vay mat
do dong bé. O g?ln dién cuc su thay ddi néng do ion rat nho, khong anh huong dén
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duong cong dong thé. Nhu vay trong cuc phd, dién cuc giot thily ngan bi phan cuc
tao ra song cuc phé, con dién cuc so sanh khong bi phan cuc.

Giot Hg duoc tao ra tr mdt mao quan dai (5-10cm) duong kinh trong la
0,05mm. Néu dé bau thuy ngén cao 50cm, dong chay tao ra cac giot Hg giéng nhau
c6 duong kinh 0,5 — Imm. Phan tmg dién hda xdy ra trén giot nay. Su thanh cong
ctia cuc phd phu thude trude hét vao do lap lai cia giot Hg.

b. Chat dién li nén: viéc chuyén cac ion tham gia phan tmg dién hoa trén dién
cuc do nhiéu yéu tb tac dong nhu: Lyc hut tinh dién, khqu tron co hoc, su khuéch
tan do gradient nong do.

Trong diéu kién cuc phd phéan cuc catot giot Hg, ngudi ta thém mat chat dién ly
tro vao dung dich 1am nén cuc pho. D6 1a chét dién ly tao ra 1 cation khac tham gia
phan tmg khtr canh hon ion can xac dinh, néng do lai cao hon nhiéu (gap 100 -
1.000 1an ion tham gia phan tng dién cuc). P6 1a chat dién li nén nhu KC1, KNOs,
Ry NX.

Céc cation cta nén di chuyén dén dién cyc nhung khong tham gia phan tng
dién cuc (0 thé d3 cho). Ching ¢ trén bé mat dién cuc, tao nén 16p dién kép. Do
truong dién canh bi chin bdi cation nén cho nén cation khir cuc chi cé thé tiép can
dién cuc nhd qua trinh khuéch tan. Vi vay dong tao ra goi 1a dong khuéch tan...
Ngoai ra con cac dong khac nhu dong xuc tac, dong dong hoc.

c. Trong diéu kién cuc phé nhw trén, thé dat 1én 2 dién cuc duoc thay doi lién
tuc tir 0-2V, dong khuéch tan di qua dung dich khoang 1 - 100 pA. Tri s6 dong nay
trong cung diéu kién phu thudc vao thé phan cyc: thé hién qua su chénh léch nong
do trong long dung dich C va néng do trén bé mit dién cuc C*. Khi tat ca cac ion
trén bé mat dién cuc bi khir hét tre 14 C =0, dong khuéch tan dién cuc duoc goi la
dong khuéch tén giéi han. Gia tri trung binh cia dong nay (i,) duoc mo ta boi
phuong trinh Ilcovic:

is = 605.Z.D"?m??  t'6C (3.11)

- i4 dong khuéch tan giGi han.
- D - hé s khuéch tan (cm” s).
- m: Téc d6 nho giot (g/s).

- t: thoi gian nho giot (s)

- C ndng d6 chat khir cyc (mol/1)

3 ,1/6

. L c 1y LY £ , ,. 5 \ £ )
Tri s6 m™". t " dugc goi la hang s6 mao quan. V&i mao quan va chat khir cuc
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xac dinh thi i4 tuyén tinh véi ndng do.
(3.12)

ia =K.C
Va day 1a co sé cho phuong phéap cuc phd

d. Thé bdn song:

D6 1a thé ¢ diém giita ctia song cuc phd. N6 phu thude vao ban chit cia cation
khir cuc doc 1ap voi ndong d6 C duoc ky hiéu E, . Gia tri ndy thay doi theo chat nén
12 mot thong sb st dung trong dinh tinh bang cuc phd. Trén hinh 3.4 1 cuc phd d6

cua dung dich CdCl, 0,001 M.
Ar -
i !
20T ;
2

)
1
!
1
!
!
)
'
1
f

10+

-Hinh 3.4. Cuc phé dé CdCl, 0,00IM trong nén KCI 0,IM
1. Dong du 2. Khir nén K*
3. Thé phéan huy cua Cd* 4. Dong khuéch tan cua Cd*

5. Dong gidi han ig cua Cd**

Phuong trinh lién quan giita thé E va dong khuéch tan i & mot diém bét ky trén

cuc phd do.
E=E, 299 ¢ (3.13)
h n ia—1i
Duya vao phuong trinh nay cé thé tinh gia tri Ey, theo céc s6 lidu cua cuc phé

do.
Tinh gid trii/ (iq-i)=R.
V& db thi cua IgR — E

Diém db thi Ig R = 0 (trc i = i4/2) Ung v&i Eypp trén truc E (hinh 3.5).
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Hinh 3.5. Puong thé bdn song
e. Anh hwong ciia cdc yéu t6 dén song cuc pho.
- Anh huéng cua chat nén:

- Anh hudng cta su tao phtrc: Khi c6 mat cua chat tao phic song cuc pho s€
chuyén vé phia am hon.

- Anh huong cua ddc tinh thuan nghich.
3.2.1.3. Dong khuéch tan trén di¢n cuc rin.

Khi can lam viéc ¢ thé duong trén + 0,3V - tirc 1a dung phan tmg oxi héa anot
trén dién cuc chi thi - nguoi ta dung vi dién cuc ran - trong nhirng diéu kién nhét
dinh c6 thé ghi duoc dong khuéch tan.

Thudng dung nhit 13 dién cuc Pt. Qua thé hydro trén dién cuc Pt bé. Ion H' bi
khir & thé - 0,1V. Nhung qua thé oxi kha 16n, vi vy c6 thé khao sat song oxy hoa
nubt dén +1,3V.

bién cyc ran c6 thé dung yén (dién cuc tinh) hay quay.
a. Trén dién cuc ran tinh:
Dong di qua vi dién cuc ran phu thudc vao nhiéu yéu to:

i=FD.Sn £=¢

(3.15)
C- néng do chét khur cuc trong dung dich, C* - néng do trén bé mat dién cuc; &
bé day 16p khuéch tan.

Dong khuéch tan giéi han i4 ti 16 vt nong do dung dich:
i,=F.D.Sn .%: KC (3.16)

Dé i4ty 18 v6i C bé day & phai khong d6i. Thuc té trén dién cyc tinh dong gi6i
han i4 can nhiéu thoi gian dat dén gid tri can bang khong ddi. Piéu d6 han ché
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pham vi Gmg dung. Dé khic phuc nhuoc diém nay nguoi ta dung dién cuc quay.
b. Pién cire ran quay:

Chat long xung quanh dién cuc quay duoc khqu tron lién tuc. Vi vay néng do
chat khur cuc & g?m dién cuc ludn cod néng do cao, sy thay ddi nay chi b6 hep &
ving gan dién cuc, khéng phai trong toan bo dung dich.

Trén dién cuc dia quay mat do dong 1 dugc tinh tir phuong trinh Levich.
i =0,62n FD** .w'2n!® (C-C" 3.17)

W - Téc do quay cua dia, ) - d6 nhét cua dung dich.

Nhuoc diém cta dién cuc quay: Thiét bi phire tap, do lip lai kém.

Uu diém: Nghién ctru phan ting oxy héa anot dén + 1,3v va khong ngd doc nhur
dién cuc giot Hg.

3.2.1.4. Thiét bi cho dién cwc giot Hg.
* May cuc pho.

=

=

Hinh 3.6. So dé nguyén tdc mdy cuc phd

1. Ngudn dién 1 chiéu 4 — 6V
2. Bién tro:

3. Von ké

4. Ganva nomét

5. Dién cuc giot Hg

6. Anot Hg.

Thé dat 1én dién cuc thay doi tir 0 — 3V duoc do nhd von ké (3). Dong di qua
dién cuc giot Hg (5) dugc do bang Ganvanomét 4 (4).

* Pién cuc so sanh: calomel, dién cuc HgSO,, di¢n cuc AgCl...
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3.2.1.5. Puwong cwc phé

DPuong cuc phé la duong biéu dién su phu thudc cua giad tri cuong do dong
chay qua dung dich (biéu dién trén truc hoanh) c¢6 dang nhu trén hinh 3.7 va 3.8.

Hinh 3.7. Duong Von ampe Hinh 3.8. Xdc dinh thé niia séng
va chiéu cao séng cuc pho
E,, thé nita séng, H chiéu cao séng cuc pho

Trén duong cuc pho tir O dén A, su dién phan khong xay ra. Tuong tng voi
diéu d6 cung véi su ting thé, su bién d6i ctia cudng d6 dong chay trong mach thuc
té ciing khong x4y ra. Cudng do dong chay trong mach rat nho. Dong trong khoang
thé d6 dugc sinh ra do su tich dién giot thuy ngan va sy khir tap chat. Trén phan
dudng d6 thé phan huy véi chat phan tich chua dat téi gia tri tdi da.

Trén phan tir A dén B, mot sy ting khong dang ké cua hiéu dién thé ciing gay
ra mot sy tang dang ké cuong do dong chay qua dung dich. Phan dudng cong nay
dic trung cho su dién phan xay ra binh thudong kém theo su 1am nghéo rat nhanh
16p ion chat phan tich sat bé mat cuc.

Phan tir B dén C dic trung cho quaé trinh khi tit ca cac ion ctia chat phén tich c6
& 16p bé mit cuc déu bi phong dién. Te d6 khuéch tan cac ion chat phan tich tir
dung dich dén bé mat cuc nho hon tdc dd khuéch tan cac ion chat phan tich tu
dung dich dén bé mit cyc nho hon tdc do khir ion. Phan dudng cong nay dic trung
cho su khong bién doi dong trong mach khi ting dan thé hiéu giira hai cuc.

Puong biéu dién sy phu thudc cuong do dong chay qua dung dich vao dién thé
hai cuc duoc goi 1a dudng von ampe hay séng cuc phd. Séng cuc phd phu thude
vao ban chat ciia ion can phan tich va dic trung mot cach dinh luong cho chat phan
tich. Chiéu cao séng H (hinh 3.8) dic trung cho dong giéi han va vi vay cho ta kha
nang xac dinh ndng d6 16n can phan tich.

Néu chia doi1 khoang céach tir diém A dén diém B tr diém nhéan dugc ung véi
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gia tri thé trén truc hoanh duoc goi 1a thé ntra song E,», né dic trung cho thé can
thiét dé dat dugc nira dong gi6i han. Thé nira song khong phu thudc vao ndng do
ctia chét tan va chi phu thudc vao ban chit cua ion bi khir. Do dé thé nua song
dugc stir dung dé phan tich dinh tinh cac ion cé

mat trong dung dich. W—)

3.2.1.6. Catot giot thuy ngan

1. Ong dyng thuy ngan va day platin lam 1
tiép xtc; 2. Bau chira thuy ngan ndi v6i canh 2
giot thuy ngan; 3. Ong dan bang cao su ndi bau
chtra thuy ngan véi mao quan bang thuy tinh; 4. i
Mao quan thuy tinh qua d6 giot thuy ngan
(catot thuy ngéan) chdy ra; 5. Binh dién phén; 6.

Lép thuy ngan dugc ndi véi day tiép xtc bang 4
platin (nuét thuy ngan); 7 Ong & nhanh dé dan ) 15{ '
khi hidro hoac nho vao dé loai oxi “

Hinh 3.6. So do catot giot thuy ngin don giin nhit

Trong thuc té khi bé mit cia cuc nho (vi dién cuc) duogc dung lam catot thuong

bi cac san pham khir phu 18n, lam thanh phan hoa hoc cua né bi thay ddi va két qua

thu duoc khong 1ap lai. Két qua chi 1ap lai khi kich thuéc va ban chit cia catot

dugc gilr khong doi; do 1a truong hop 1y tudng. Qua nghién ciru ngudi ta thiy chi

c6 catdt giot thuy ngan méi dap tmg duoc nhiéu nhat nhitg yéu cau dbi véi vi dién

cuc dung trong cuc phd. Dién cuc giot thiy ngan duge trinh bay trén hinh 3.9, thuy
ngan dugc chdy ra tr mdt mao quan thanh ting giot véi mot tde do xac dinh.

Catdt cAu tao nhu vAy nén bé mit cua catdt giot thuy ngan nho va thuc té khong
d6i vé kich thudc va thanh phan vi thuy ngan chay lién tuc nén ludn ludn dugc ddi
méi. Do d6 thé khi cua mbi con duge gitt & muc xac dinh. Sy tao thanh hon héng
khi cac cation kim loai bi khir trén bé mit canh giot thuy ngan roi xudng dy binh
dién phan va su d6i m&i bé nat dién cyc do su chdy cua thuy ngan va duogc thay thé
bang giot khac 1am cho diéu kién tién hanh phan tich trén cuc giot gin vdi cac diéu
kién li tuong.
3.2.1.7. Nén cwe pho

O trén ta da xét, trong qué trinh phan tich cuc phd, cac ion kim loai trong 16p
sat dién cuc dugc bd sung nho su khuéch tan.

Néu trong dung dich phan tich chi ¢6 ion ctia mudi can phén tich thi sy chuyén
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dong tir cuc nay dén cuc kia duoc thuc hién bang cac ion cia mudi tan 6. Nhirng
tén d6 dudi tic dung ctia dong dién, cation chuyén tdi nubt. Téc do chuyén dong
cua céc ion dudi tac dung cua dong dién phu thude vao nhiéu yéu t6 nhu: hiéu thé
gifra hai cuc, ban kinh va dién tich cua ion phan tich, néng dd cua no trong dung
dich... Do d6 sy van chuyén cua cac ion dudi tic dung cta dong dién s& 1am sai
1éch qua trinh xac dinh cuc phd va gay tré ngai 16n cho qua trinh phan tich.

Pé 1am giam su chuyén vin d6, ngudi ta thém vao dung dich phan tich mot
mudi khic ma sy phan huy no chi bit dau & hiéu thé 16n hon so vé6i hiéu thé can
thiét d6i véi chat can xac dinh, thi cac cation ctia nén cling chuyén dong téi canh,
nhung chiing khong bi phong dién tai thé da duoc dat vao. Vi vay phan 16n cia
chét tham gia vao su chuyén dong bi giam di.

Néu nong d6 mudi thém vao 16n hon so v6i ndng d6 chat phan tich, thi thuc té
tat ca dong déu duoc van chuyén boi ion cia mudi duoc thém vao. Trong trudng
hop nay, téc d6 chuyén dong cua cac ion chét phan tich duéi tac dung dong dién
gan nhu bang khong va co thé bo qua.

Mudi tro dugc thém vao dé loai trir sy van chuyén cua ion chat phan tich duoi
tac dung ctuia dong dién goi 1a nén cuc pho.

Pé cho dong dién mot chidu chay qua dung dich khong gy ra sy van chuyén
dang ké cua cac ion chat phan tich thi ndng do ctia nén phai 16n hon tir 100 - 1000
1an néng do mudi can can xac dinh. Do d6 phuong phap cuc phd duge tng dung
rong rii dé phan tich cac tap chat c6 ham luong khong dang ké trong dung dich.

3.2.1.8. Pham vi trng dung ciia phwong phdp phan tich cwe phé.

Dung phuong phéap phan tich cuc phd c6 thé xac dinh dugc cac chat vo co ciing
nhu hitu co, néu chung cé thé bi khir hay bi oxi hoa trén bé mit cac cuc khi c6
dong dién mot chidu di qua. Do d6 phan tich cuc phd dugc tmg dung rong rii trong
cac phong thi nghiém hoa phan tich cua cac co s& nghién ctru khoa hoc va cua céc
nha may. Trong thoi gian gan ddy, phuong phap cuc phd sir dung cac vi dién cuc
ran quay duoc str dung ngdy cang nhiéu. Téi nay c¢6 nhiéu phuong phap phén tich
cuc phé hién dai xac dinh dugc nhirng luong nho téi 107 - 107" nhu cuc phé song
vudng, cyc phd xung vi phan, cuc phd von ampe hoa tan, cuc phd xuc tac...

3.2.1.9. Quy trinh ciia phwong phdp phin tich cwc pho

Dé phan tich mot chat nao d6 bang phuong phéap cuc phd, trude hét can chuyén
n6 vao dung dich. Sau d6 tao nén mai truong can thiét va tach cac chat ngin can su
xac dinh cyuc pho.

Diéu bat tién nhit d6i voi phén tich cuc phd 13 trong dung dich phén tich co cac
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chét co thé khir gan vé6i thé khir ctia nguyén t6 can xac dinh hodc ¢ thé thip hon
oxi hoa tan trong dung dich, chung s& can trd phép xac dinh. Dé tach cac chat ngin
can, nguoi ta s dung cac phan tmg két tua, tao phirc, oxi hod khu, tach bang sic
ki... Dé tach oxi hoa tan 14 cht ciing bi khir trén canh, nguoi ta cho khi hidro hay
nho6 qua dung dich dé dudi oxi. P6i véi cac dung dich kiém ngudi ta dung chat khir
la Na,SOs.

Viéc chon dung chat 1am nén cho cuc phd co ¥ nghia 16n. Viéc ndy thuong
duoc giai quyét bang thuc nghiém.

Dung dich di chuén bi dé phan tich, di tach cac chit can tré dugc cho vao binh
dién phan. Pong mach dong mot chiéu va ting thé giita 2 cyc 1én mot cach tir tir va
ghi sy bién d6i dong phu thudc vao di¢n thé. Dua vao cac dit kién thu duoc ta v@
duong cyuc pho.

3.2.1.10. Cdc phwong phdp phan tich cwc pho

Dé phan tich dinh luong bang phuong phap cuc phd, ngudi ta dung phuong
phap duong chuan, phuong phap mau chuan va phuong phap thém.

Khi st dung phuong phap dudng chudn, nguoi ta ghi cac cuc phd dd cua miu
dung dich chuan. Dya vao chiéu cao song cuc phd cia mau phan tich (ghi trong
diéu kién cung voi diéu kién khi ghi cuc phd cac mau chuan) réi xac dinh nong do
ctia né theo mau chuan.

Trong phuong phap mau chuin, ngudi ta chi ghi cuc phd cia mot dung dich
chuén (Cgp,) rdi xac dinh chiéu cao cia soéng cuc phd mau chuin (he) sau do ghi
cuc phd miu phén tich (trong cing diéu kién nhu ghi mau chuan) c6 ndng d6 C, va
xéac dinh chiéu cao hy ctia séng cuc phd d6. Tinh néng d6 cia dung dich phén tich
bang cong thirc:

b e oc,nim,
Cch hch .

Pé phan tich bang phuong phap thém, nguoi ta rot vao binh dién phan mot thé
tich xac dinh dung dich chat can phan tich (C,) va ghi séng cuc phd cua chat can
xéac dinh chiéu cao song cuc phd hy. Sau d6 thém vao dung dich 1 - 3 ml dung dich
chuin can phan tich va ghi phé lan nita, ta nhan dugc song téng s6 ¢ chiéu cao hy.
Nong d6 chat phan tich dugc tinh theo cong thic:

C, h

=t Véi hlh =hts —hx
Clh hlh

Trong do: Cy, - néng do chit chuin thém vao binh dién phan.
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3.2.2. Chuén dj ampe.

Chuén d6 Ampe thuc hi¢n trong hai diéu kién:

- Mot trong cac phan ung, dugc khur trén catot Hg hodc oxi héa trén di¢n cuc
ran.

-Tri sb dong khuéch tan gi61 han ty 1€ voi néng doig=K.C

C6 thé st dung cac loai phan tng: Két tia tao phtc va oxy hoa khir cho chuin
d6 nay voi 2 phuong phéap k¥ thuét - chuan do véi dién cuc chi thi va chuan do véi
2 dién cuc chi thi.
3.2.2.1. Chudn dp ampe v6i mét dién cuwc chi thi.

Binh chudn d6 (1) ndi véi dién cuc so sanh (2) qua cau mudi (3). Pién cuc chi
thi (4) dugc phan cuc nhd ngudn (5). Dong qua mach duoc do bang galvanomet
(6) trong qu4 trinh chuan d6 bang dung dich tir buret (7).

Hinh 3.10. So dé chudn dé ampe vdi dién cuc giot Hg.

* Puong cong chudn dg: Piém mau chdt 1a chon thé lam phan cuc dién cuc chi
thi. viéc chon tri sb thé tuy thudc vao hop chit nao: Dung dich chuin, chit can
dinh luong (hodc ca hai) cho phan tng dién cyec.

Vé dudng cong chuan d6: Su phu thudc cua dong in vao thé tich dung dich
chuan. Puong cong chuan do gom hai doan thang cat nhau. Piém cit nhau d6 tng
v6i diém két thac cua phan tng chuan d6. Hinh 3.11 cho ta cac dang duong cong
chuan do.
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i (a) © : \(C)/

@ ' (e)

IV ]

ig, a

=R
2.

Hinh 3.11. Cdc dang dwong cong chudn doé

a) Chat can dinh lugng cho dong khtr catét.

bi Chat chuan cho phan tng trén catot.

c) Ca chat khuan 1a chét can dinh lugng cho phan tng trén dién cuc.

d) Trén thé da chon, chit can dinh lugng cho dong oxy hoa con lugng du chat
chuan cho dong khir (ia).

. ) Chat can dinh luong cho dong khir ig. con dung dich chuyén cho dong oxi
hoéa iq,.

Pé c6 dong khuéch tan giGi han ig thé lam phan cuc dién cuc chi thi phai roi
vao khoang thé tao dong iq ctia thanh phan cho phan tng dién cuc, thuong 4m hon
0,1 - 0,3V so voi trj s Ey.

Hinh 3.12. Trinh bay cach xay dung duong cong chuan do ampe tir dudng cong
I-V cho truong hop (a).
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E v 50 100 150 %

Hinh 3.12. Puong cong chudn dé
E 1a tri s6 dién thé lam phan cuc dién cuc truc hoanh 1a % chit duoc chuén do.
3.2.2.2. Phwong phdap ampe kép
Trong chuan do ampe kép, ca 2 dién cuc chi thi dugc nhung truc tiép vao dung
dich phan tich. Hai dién cuc giong nhau. Gitta hai dién cuc c6 su chénh 1éch thé

trén dién cuc xay ra cac phan Ung di¢n hoa, ty d6 c6 dong dién qua mach thé phan
cuc khong 16n: 0,01 — 0,1V.

Dang dudng cong chuan do phu thudc vao tinh chat thuan nghich cia cac hé
(chét can chuan do va chat chuén) cling nhu tri s6 thé lam phan cuc hai dién cuc.

* Vi du: Khao sat chuan do 16n Fe(II) bang Ce**

[Fe(CN)¢]* + Ce™ — Ce®* + [Fe(CN)(]*

- Khi chua thém Ce*" trén anot xay ra qua trinh oxy hoa Fe(CN)*, con trén
catdt Fe(CN)s” bi khtr. Khi thém Ce** vao ion [Fe(CN)s]” tang 1én nén dong qua
mach tang lén. Tu ) dong dat cuc dai khi néng do hai ion bé“mg nhau, ttrc 1a chuan
d6 dugc 50% ion Fe(CN)s". Sau d6 ndng d6 chat khir giam kéo theo giam dong
qua mach.

- O diém tuong duong dong i — 0 boi ndng d6 chat khir [Fe(CN)q]* rit bé.

- Sau diém twong duong Ce*" c6 du trong dung dich nén trén anot oxy hoéa Ce**
con trén catdt khir Ce*". Dong qua mach lai ting 1én (hinh 3.13a).

O déy ta c6 hai hé thuan nghich:

Ce**+e = Ce*, [Fe(CN)y]* - e = [Fe(CN)(]*

— Néu chat can chuan d¢ thuan nghich, con dung dich chuan khong thuin
nghich thi sau diém tuong dwong dong khong ting. Vi du chuan d6 iod bang
thiosunfat (Hinh 3.13.b).
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— Néu hé khong thuan nghich duoc chuan d6 bang mot hé thuan nghich, dong
qua mach khong dang ké cho dén diém twong duong. Chi sau diém nay dong ting
1én (hinh 3.13c¢). Vi du chuan d6 Na,S,05 bang dung dich Iod.

A

~__

0 50 100 %

Hinh 3.13. Ba duong cong trong chudn do ampe kép
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PHAN THU TU
SAI SO TRONG PHAN TIiCH
XU LY SO LIEU THUC NGHIEM

I. CAC PINH NGHIiA VE SAI SO

Trong phan tich viéc danh gia cac két qua 1a mot trong nhitng budc khong thé
thiéu dugc cua cic qua trinh phan tich. Trong budc nay viéc tinh sai s 12 quan
trong nhét vi nd cho ta biét két qua phan tich thu duoc dung va chinh xac toi mirc
nao.

C6 thé no6i rang khong bao gior chiing ta ¢6 thé tién hanh mot phép phan tich ma
két qua thu duoc lai hoan toan khong mac sai sd. Diéu d6 co nghia 1a ching ta
khong thé biét duoc gia tri thuc cia mot dai lugng can xac dinh. Chung ta chi c6
thé c¢b gang thuc hién phan tich sao cho sai s6 nho nhét, két qua thu dugc cho ta
mot gia tri chdp nhan dugc t6t nhat bang phuong phap thdng ké hoc ta ¢ thé xac
dinh duoc gi61 han trong d6 chira gia tri thuc cua dai lugng can xac dinh v6i mot
murc d6 xac suat cho trude. Gia str chiing ta tién hanh xac dinh mét dai luong nao
d6 n 1an bang mét quy trinh phan tich duy nhat (ta néi phép xac dinh duoc lp lai n
lén), cho ta cac két qua tuong Ung Xi, X, X3... X,. Gia tri trung binh s6 hocx,
thuong khac véi gia tri thue p cua dai lugng can xac dinh:

gz AtHt.tX, (1)
n

Hiéu sb gitta gia tri trung binh x va gid trj thuc p (hodc gid tri duoc chap nhan

dang tin cay nhat). Ki hiéu 14 e:
eE=x- y7, (2)

Sai s tuyét déi khong cho ta théy muc do gﬁn nhau cua gia tri xac dinh duogc
va gia tri thuc tirc 1a khong cho ta thdy dugce do dung ctia phép phan tich. Dé biét
duoc d6 ding ciia phép xac dinh ngudi ta thudng dung sai s6 twong ddi.

Sai s6 twong d6i S: La ti s6 giita sai sb tuyét ddi & va gia tri thuc p hodc gia tri
trung binh x

S=

(3)

® ™
x| o™

Thong thuong sai s6 twong d6i duge biéu thi theo %:
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S=£.100=£.100 (4)

)7 X

Thi dy khdi luong cta chit A chira trong mot mau 13 45,2 mg, cta chat B chira
trong mot mau tuong tu 1a 215,4 mg. Gia tri xac dinh dugc theo cung mdt phuong
phap cua A 1a 45,8 mg va B 14 216,0 mg. Nhu vdy sai s tuyét di khi xac dinh A
va B déu nhu nhau bang +0,6 nhung ta thiy ngay 1a phép xac dinh B dung hon vi
xac dinh 216 mg moi chi sai 0,6 mg trong khi d6 khi xac dinh A thi chi vdi 45,8
mg d3 sai s6 0,6 mg.

Sai sb tuong ddi s& chi ra viéc xac dinh B chinh xac hon x4c dinh A:
Vi A, S% = (+0,6/45,2).100 = 1,3%
Vi B, S% = (0,6/216,4).100 = 0,3%

Tuy thudc vao nguyén nhin giy ra sai s, nguoi ta dung khai niém sai so6 hé
thong va sai s6 ngau nhién.

Sai s6 hé thong hoic sai s6 xac dinh 13 nhimng sai s6 do nhiing nguyén nhan ¢
dinh gdy, vi vay n6 ludn cé dau + hodc -. Sai s hé théng ¢6 thé do chinh phuong
phép khong ding (do cac dung cu do ludng nhu can, dung cu do thé tich nhu buret,
pipet hodc binh dinh mirc khong dung thé tich trén vach chia; do héa chit khong
tinh khiét; do xac dinh néng dd dung dich chuan sai; do nguoi tién hanh phan tich
khong c6 k¥ nang nghé nghiép thiéu kinh nghiém phan tich).

Sai s6 ngiu nhién 12 nhiing sai s6 gay nén boi nhiing nguyén nhan khong cb
dinh, khong biét trudc, thay d6i khong theo quy luat, khi dwong, khi am, thi du do
ngudi phan tich mot lac nao d6 thiéu tap trung hodc tién hanh thao tac doi khi thiéu
can than, su thay ddi vé nhiét do, ap suét khi quyén noi lam phan tich.

Ta ¢6 thé tan duoc sai sb hé théng, tr do loai trir dugc nguyén nhan gay ra sai
sd d6 bang nhirng bién phap thich hop nhu sira chita hiéu chinh dung cu miy moc,
pha lai va kiém tra lai cac dung cu, dung dich chuan va diéu ché lai hoa chét dung
lam thudc thir v..v.

Déi voi cac sai s6 ngiu nhién ta khong thé biét trudc dé loai trir cac nguyén
nhan gy ra n6 ma chi c6 ging dé giam sai s6 d6 téi mic toi thiéu bang cach phan
tich that can than va ting s lan phan tich rdi cudi ciung sir 1y cac sb liéu bang
phuong phap thong ké toan hoc. Sai sb hé théng phan anh, do ding cua phuong
phap phan tich, sai sé ngdu nhién phan anh d6 phén tan cta cac két tia phan tich
turc 1a do 1éch gitra cac gia tri riéng 1¢é va gia tri trung binh tirc 1a phan anh do lap
lai
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Hinh 1. D¢ dung va do lap lai cua phwong phdp phédn tich

a. Do 1dp lai va d ding déu théip; b. B ding cao, nhung do lép lai thép; c. bo lap
lai cao nhung d6 dung thap; d. Do ding cao va do lap lai ciing cao.

Sau day chung ta néu ra nhimg khai niém toan hoc c6 lién quan tryc tiép dén
viéc xur li cac dir kién thyc nghiém theo phuong phéap théng ké toan hoc.

II. CAC PAI LUQONG TRUNG BiNH

Trung binh ) hoc. Gia su tién hanh n lan phan tich duogc cac gia tri cua dai
lugng nao do (cod thé duong, dm) X, X,, X3... X,. Gia tri trung binh s6 hoc x dugc
xé4c dinh bang hé thuc:

s A%t 5)
n

Trung binh binh phwong. Gia st tién hanh n 1an phan tich lap dugc cac gia tri

X1, X2, X3... X,. Trung binh binh phuong 14 cin bac hai tong binh phuong céc gia tri
d6 chia cho n lan. Tuc la:

2 2 2 2
% _\/xl X +tx, X (6)
bp ~ -
n
Trung binh nhan. Gia st sau n lan phan tich ta dugc cac gia tri x;, Xo, X3... X,
Trung binh nhan la gié tri dwong can bac n cua tich s6 céc gia tri do, tic la:

X, 5= x,.%,...x, - (7)

Thong thudng trung binh nhan dugc biéu thi dudi dang logarit thap phan, dé
tién cho viéc tinh toan:

g%, , = lgx1+lgx2n+...+lgxn (8)
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III. CAC PAI LUQNG PAC TRUNG CHO PQ PHAN TAN.

Khi tién hanh nhiéu phép phan tich tic 1a tién hanh lap lai thi nghiém ta thu
dugc mdt day cac dir kién thuc nghiém. Cac khai niém sau day dac trung cho do
phén tan cac dir kién do.

Do 1éch trung binh

d 23 (9)
n

Phwong sai:

Phuong sai 1a trung binh cOng cua cac binh phuong nhiing hi¢u gitra cac gia tri
riéng 1€ va gia tri trung binh tuc la:

—\2
gt o 2F) (10)
n-1

Trong don la s6 1an thi nghiém va n c6 gia tri nho, nhé hon 20, n -1 duoc goi 1a

bac tw do, néu n> 10 thi c6 thé bé qua mot canh n va (10) trd thanh.
DY
n (11)

Céc dai luong S va o” déu duge goi la phuong sai 1a nhitng dai luong rat quan
trong dic trung cho do phan tan dung dé tinh sai s6 ngau nhién.

Do 1éch chuin hay sai s6 binh phwong trung binh

Do léch tiéu chuan hay sai sé binh phuong trung binh bang cin bac hai cia
phuong sai

g |20 = %) (12)

n-1

Pay la dai luong dic trung cho do phan tan va dugc dung dé chi muc d6 sai sd
ngau nhién.

Dai luong (x; - x)° trong cac cong thic (10) va (12) thudng duge tinh theo cac
biéu thirc toan hoc twong duong sau day:

Z(x,—f)2=2x,2——(z':—')2 (13)
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P 1éch chuén gia trj trung binh
Phuong sai ciia gia tri trung binh bang phuong sai chia cho s6 thi nghiém

S? :
2——_
=5 (14)

Do d6 do 1éch cua gia tri trung binh

S (15)

X

S

Hé s6 bién dong

Gia st tién hanh phan tich 1ap lai n lan ta duoc cac gia tri két qua Xi, X, X3...
X,. Tl cac biéu thirc toan hoc dugce trinh bay & trén ta tinh dugc x va S. H¢ s6 bién
dong V ctia phuong phap phan tich dugc xac dinh bang hé thic:

S.IOO(y
(V]

V==3 (16)

Nhu vay ching ta co6 thé tinh hé s6 bién dong theo do léch chuin va nguoc lai.
IV. CAC LOAI PHAN BO.
Phén bé thye nghiém

Gia sir dé kiém tra thé tich cua pipet dung tich 10 ml ta tién hanh cin thé tich
ctia pipét. Ching ta tién hanh 50 1an cin. Ghi cac két qua vao mot bang dé thy
dugc quy luat phan bd cac két qua thuc nghiém d6 ta dung phwong phap do thi.
Trén truc hoanh ta biéu thi gi4 tri thé tich pipet (bang cach chia cac gia tri khdi
luong nudce can dugc cho khéi lugng riéng ctia nude), con trén truc tung ghi tan sb
tire 12 s6 % xuét hién tung két qua so voi téng s6 1an x4c dinh thé tich, ta s& dugc
d6 thi biéu thi sy phan bd thyc nghiém. Trén bang 1 ghi tan xuat phan b cac két
qua tinh duoc tir cac két qua thu duoc ciia 50 1an xac dinh dung tich pipet. Hinh 2
1a duong phan bé thuc nghiém.
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Bang 1. Tan xuit phén bd cic két qua thue nghiém

Khoang thé tich, ml S6 lan xuét hién % xuét hién
9,969 t4i 9,971 3 6
9,962 t4i 9,974 1 2
9,975 41 9,977 7 14
9,978 t4i 9,980 9 18
9,981 tdi 9,983 13 26
9,984 t4i 9,986 7 14
9,987 t4i 9,989 5 10
9,990 t&i 9,992 4
9,993 t4i 9,995 1 2

28 .
241+

20

16T‘

12

8

9.969 ' 9.972"' 9.975" 9.978 ' 9.981 ' 9.984 ' 9.987 "' 9.990 ' 9.993
9971 9974 9.977 9980 9983 9.986 9.989 9992 9.995

Hinh 2. Pwong phén bo thwe nghiém A va dwong phén bé chuin Gaus (B)
Phén bé chudn hay phin bé Gau xo (Gauss)

Thong thudng néu sai sd chira phép phan tich 13 sai sé ngau nhién thi do thi
biéu dién sy phan bd cac két qua thyc dugc nhu thi du trén day sé c6 dang dbi
xung theo 1y thuyét toan hoc:

Vé xac xuét thdng ké thi cac loai phan bd quan trong va phd bién nhit 1 phan
b6 chudn hay phan bé Gau xo. Cac dai lugng ngau nhién trong héa phan tich
thudng tuan theo phan b nay.

Ciing theo 1y thuyét toan hoc n s 1an thyc nghiém vo cung 16n, tirc 14 n tién toi
v6 cung thi ham phan b chuan s& c¢6 dang nhu sau:

L o)

[

s e
Y= ol2n a7
Trong d6 p 13 gi tri thuc, x 1 gia tri thuc nghiém, o 1a d6 1éch chuan. y va o 1a
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nhiing s0 thuc, dugc goi 1a tham so0 phan bo, y lam ham s6 ctia x chinh 1a tan s6
cua gia tr1 x hoac xac xuat ciia x. Ham phan b6 cé cuc dai ¢ x = p va ¢6 di€ém udn
Xx;=vax=u+to

|
I
|
!
p-36 -c 6 pt+3c X

Hinh 3. Phdn b6 chudn hay phdn b6 Gauss

Theo phuong trinh (17) gia tri cyc daicua y = 1 , gia trj d6 cang 16n néu
dd 1éch chuan cang nhd. Hinh (4) hay n6i cach khac d6 1ap lai cang cao nghia 1a s6
cac gia tri thu dugc gan gia tri thuc cang nhiéu. Dién tich cta hinh tao boi duong
cong phan b va truc hoanh bang 1 gém cac gia tri x tir - oo dén + oo

Dién tich gidi han trong khodng + 20 1a 0,9546; trong khoang + 3c. Vi vy
nguoi ta thuong dung quy tic 3o dé phan biét dai lugng ngau nhién (sai s ngau
nhién) véi cac dai lugng hé thong (sai s6 hé théng) hoic dé phat hién sai s tho.

y

Hinh 4. Dang ciia dwong phin bé chuin phu thujc vio dé léch chudn
V. BIEN GIOI TIN CAY.

Néu sai s6 ngu nhién tuan theo phan bd chun thi c6 thé xac dinh dugc bién
gi6i tin cay tuc la khoang trong dé chira gia tri thuc p
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véi xac sudt 50%

=)
~

s

0,

®
I
=
H+

,96 véi Xac suat 95%

®

Il
*|
H+
(o=

s

+2,58-2 vé6i x4c suft 99%

Jn

Tuy nhién trong thuc tién phan tich, s6 thi nghi¢m thuong nho do 1éch chuan
tinh theo cong thirc (11.12) nén phai ding cac chuan khac. D6 1a chuan studentt dé

il
=)

]

tim bi€n giodi tin cdy

-4 _x-p (18)
r=t = Vn

X

Gia tri t phu thudc vao sé bac tw do k =n - 1 va vao xac xuat tin cay P. SO thi
nghiém cang nho, xac xuat P cang 16n thi gia tri t cang 16n, (xem phu luc 11.1)

Bang 1. Gia tri &ng véi dd tin cAy P va s6 bac tu do K=n -1.

« P

0,90 0,95 0,99
1 6,31 12,7 63,7
2 2,92 4,3 9,92
3 2,35 3,18 5,84
4 2,13 2,78 4,60
5 2,01 2,57 4,03
6 1,94 2,45 3,71
7 1,89 2,36 3,50
8 1,86 2,31 3,36
9 1,83 2,26 3,25
10 1,81 2,23 3,17
15 1,75 2,13 2,95
20 1,73 2,06 2,79

Tir biéu thire (18), ta co:

e tS

5

(19)
Hodc u=xt¢

. 1 A g
Trong d6 £ =1.S— la bién gidi tin cdy.

Jn
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nhu vay, gia tri thirc p nam trong khoang x- &< pu< x +&.

Véi xdc suét tin cdy ndo d6 & duoc biéu thi theo don vi tuyét ddi nhu x.u néu
biéu thi & theo don vi twong di (%) thi ta co:

t.5.100
=% (20)
¢ XVn
va (20) c6 dang:
t.5.100
=Xt 21
=¥t —_r 21

VI. KIEM TRA THONG KE CAC DU LIEU THU'C NGHIEM
Cong viéc nay thuong gdm nhimg cong viée sau:

Dung chuan Q hodc chuin D1 son dé kiém tra cac gilr kién nghi ngo loai bo céac
gia tri mac sai sO tho khi s6 thi nghiém n nho hon 10.

Chuan Q dugc tinh theo cong thuc:

|x—xn+ll

Q= |
xmax - xmin (22)

Trong d6 xa la gid tri ghi ngo. X, + 1 1a gia tr1 1an can gia tri X, va Xmin, Xmax
tudong trng voi gia tri nhoé nhat va 1én nhat.

Bang 2. Gia tri Q &ng véi dd tin cAy P va s6 1in do n

n 0,9 0,95 0,99
3 0,89 9,94 0,99
4 0,68 0,77 0,89
5 0,56 0,64 0,76
6 0,48 0,56 0,70
7 0,43 0,51 0,64
8 0,40 0,48 0,58

Trudce hét tinh gia tri Q thuc nghiém (Q,,) sau d6 so sanh véi gia tri Qy (bang
2). Néu Q,, 16n hon Q, can lira bo gia tri x, va nguoc lai sau khi kiém.tra cac gid tri
16n nhat va bé nhat can kiém tra tiép cac gia tri tiép theo.

Thi du: Nhitng két qua xac dinh ham luong % Fe,O; trong mot loai miu 1a:
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2,25;2,11; 3,21, 2,38; 2,32. C6 nén loai bo gia tri nao khong.

Trude hét sap xép cac gia tri ting dan, ta thay gia tri bé nhat 1a 2,11 va gia tri
16n nhat 1an 3,2 1. Kiém tra gia tri 3,2 1.

321-238

On = 321-111

0,75

Tra bang 2 théy ung voin =6 va P =0,95 thi Q, = 0,56 vi Q,, lon hon Q;nén
can bo gia tri 3,11. Sau d6 kiém tra cac gia tri 2,11 va 2,38 ta thay cac Q,, déu nho
hon Qi nén ching déu 1a cac gia tri dang tin cdy. Vi da bo di mdt gia tri 2,11 hodc
2,38 thi n =5 va X = 2,38.

Chuén F (chuan Fiso)

Chuan nay dung dé so sanh d6 1ap lai ctia hai day thi nghiém bang cach so sanh
ti s6 ciia hai phurong sai.

=<7 (23)

Trong do S% la phuong sai 16n hon tng véi sbbactu do Ky =n; - 1, S,” 1a
phuong sai 16n hon tng vé1 bac tu do K, =n; - 1. Do do, F luén bé hon 1.

Trong bang 3 1a cac gia trj F Iy thuyét ing véi xac sudt tin cay P = 95%.

Vi du theo két qua cuia 6 1an phan tich ham luong CaCO; bang phuong phap A
tinh dugc do 1éch chuan cia phuong phap nay 4,3 mg. Theo 5 lan phan tich theo
phuong phap B ta tinh dugc d6 léch chuan 1a 2,1 mg. Hoi do lip lai cia cac
phuong phép c6 dong nhat hay khong?

432
Fn= 2.1

=4,19

Theo bang 3 Ung véoi K; = 5, K, = 4 thi F, = 6,26. V&1 d0 1ap lai cua hai
phuong phép 1a dong nhat.
Bang 3: Gia tri F &g v6i dd tin cay P = 0,95 va céc so bic tu do.

1 2 3 4 5 6 8 10 12
161 | 200 | 216 | 225 | 230 | 234 | 239 | 242 | 244
18,51 | 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,37 | 19,29 | 19,1 ]
10,13 | 9,55 | 9,28 | 9,12 | 9,01 | 8,94 | 884 | 8,73 | 8,74
7,71 | 6,94 | 6,59 | 6,39 | 6,26 | 6,16 | 6,04 | 5,96 | 591
6,61 | 5,779 | 5,41 | 5,19 | 5,05 | 4,95 | 822 | 4,74 | 4,68

D | W N —
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6 599 | 5,14 | 4,76 | 4,53 | 439 | 4,28 | 4,15 | 4,06 | 4,00
7 5,59 | 4,774 | 4,35 | 4,12 | 3,97 | 3,87 | 3,73 | 3,63 | 3,57
8
9

5,32 | 4,46 | 4,07 | 3,84 | 3,69 | 3,58 | 3,44 | 3,34 | 3,23
512 | 426 | 3,36 | 3,63 | 3,48 | 3,37 | 3,23 | 3,13 | 3,07
10 | 496 | 4,10 | 3,71 | 3,48 | 3,23 | 3,22 | 3,07 | 2,97 | 2,31
11 | 5,84 | 398 | 3,59 | 3,36 | 3,20 | 3,09 | 2,95 | 3,86 | 2,79
12 | 4,75 | 2,88 | 3,49 | 3,26 | 3,11 | 3,00 | 2,85 | 2,76 | 2,69
15 | 4,54 | 3,08 | 3,29 | 3,06 | 2,90 | 2,79 | 2,64 | 2,55 | 4,48
20 | 4,35 | 3,49 | 3,10 | 2,87 | 2,71 | 2,60 | 2,45 | 2,35 | 2,28

Tinh sai s6 hé théng: dé tim sai sb hé thong trudc hét ta tim gia tri thuc
nghiém sau d6 so sanh véi gia tri tét (bang 1) ing v6i sac xuat 0,85. Néu t,, tic 1a
x va u khac nhau kha nhiéu va d6 13 sai s hé thong gay ra.

Thi dy nhiing két qua phan tich khdi lugng ctia nguyén té X 1a 53,2; 53,6; 54,9;
52,3; 53,6; 53,1 mg. Hoi phuong phap phan tich c6 méc sai s6 hé thong khong?
Néu gia tri thuc cia X duoc coi 1a 56,5 mg.

Trudce hét ta kiém tra theo chuan Q ta thay khong can bo di gia tri nao, sau d6

ta tinh:
Z Bl
=541
n

1 - Gia tri trung binh s6 hoc * =
2- Do 1éch chuan . z(xl _5

2
- ______)_ =1,25
n-1

3- zm=li_—’;‘|l/_ﬁ=4,7

Theo bang P = 0,95, K = 5 thi t = 2,57. V&i phuwong phap nay mic sai sb hé
théng.
VII. PANH GIA KET QUA PHAN TiCH THEO THONG KE

C6 hai truong hop:

a) Truong hop chwa biét hé s6 bién dong hoic dd léch chuin ciia hai
phuong phap.

Theo 5 lan phan tich ham lugng Al,O; ta thu dugc cac két qua phﬁn tram
ALO;s: 2,25; 2,19; 2,11; 2,38; 2,32. v61 ham luong thuc cua Al,O4 nam trong gidi
han nao vdi xac xuat 0,95 ?
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Ta thuc hién cac budc sau:
1. Kiém tra theo chuan Q: khong bo di gia tri nao

2- Tinh x x =225

3-Tinh S: _=\2
- /Z(_xxlx_)_zo,“
n__

4- Tra t,ing voi P = 0,95 van =5 thi t,, = 2,78

5 - Tim bien gidi tin cAy: & =2 = +1,14
- Tim bién gi6i tin cdy: £ ==+

6- Két luan: Ham luong % Al,O; nam trong khoang: 2,25 + 0,14 tic x4 nam

trong khoang 2,11 + 2,39 %.

b) Truong hop biét hé s6 bién dong hoic dd 1éch chuan.

Vi du: Két qua phan tich 4 1an ham lwong Mn theo mot phuong phap 1a 0,33;
0,32: 0,33; 0,34%. D bién dong ctuia phuong phap 1a 5%. Xac dinh ham lugng Mn

véi do tin cay 0,95 ?

1. Kiém tra theo chudn Q: khong bo di gia tri nao.
2- Tinh d6 léch chuan S = % = 0,02
tS
3- Tinh bién gidi tin cdy & =*—==10,02%.
g y In

4- Ham luong thyc ctia Mn: #=(0,3310,02)%,
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