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Co sé Héa hoc phan tich
PHAN TICH BINH LUQNG

CAC PHUONG PHAP PHAN TiCH HOA HOC
- Phan I: Nhém cac phwong phap phan tich
= 2 thé tich (PTTT)
{ = Chuwong 1: Pai cwong vé cac PP PTTT
= Chwong 2: Phuong phap chuén d6 axit — bazo
E < Chwong 3: Phuong phap chuén do phirc chét
- Chwong 4: Phwong phap chuan do két tia
s < Chuong 5: PP chuan dd oxy héa — khi
" Phan II: Phwong phap phan tich khéi lwgng
- - Chuong 6: Phwong phap phan tich khéi lwgng
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Co sé Hoa hoc phan tich

Tai liéu tham khao

Stanley R. Crouch (2004), Fundamentals of Analytical
Chemistry, 8th edition, Thomson, USA.

. Daniel C. Harris (2006), Quantitative analytical
chemistry, 7th edition. W. H. Freeman, New York
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Chwong 5: Phwong phap chuan dé oxy héa — khir

Phuong phap chudn do oxy hoa - khir la mét
phuong phép phan tich thé tich dya vao phan img
oxy hoa-khir dé xac dinh ndng do ciia chit oxy hoé
hoac nf”)ng d6 ctia chat khur.

Ox; + Kh, = Kh;+ Ox,
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Chwong 5: Phwong phap chuin dé oxy héa — khiv
V.1. Can bing oxy héa — khir trong dung dich
V.1.1. Dinh nghia
a. Chit oxy héa, chit khir
Chét oxy hoa Ia chat c6 kha nang nhan electron
Chat khir 1a chét c6 kha nang cho electron (e)
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20i 1a cht khir lién hop v6i n6 va nguoc lai
Ox, +ne < Kh,

-> cap oxy hoa-khwr lién hop s€ la: Ox,/Kh,
Kh, —n,e = Ox,

-> cap oxy hoa-khur lién hop s€ 1a: Ox,/Kh,
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Chwong 5: Phwong phap chuan dé oxy héa — khiv

E 2 V.1. Can bing oxy héa — khir trong dung dich

Zn Zn**/Zn

H, 2H'/H,

201 CL/2CI

Mn?" MnO,’, H/Mn*"
Fe(CN)¢- Fe(CN)/Fe(CN)-
Ag+CI- AgCl/Ag,Cl-

& &i &*Hroror
¥
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Chwong 5: Phwong phap chuén dé oxy héa — khir
V.1. Céan bang oxy hoa — khir trong dung dich
V.1.1. Pinh nghia
b. Cuwong dd chét oxy hoa va chit khir
- Mot chét cang d& nhan e thi ,n(') ¢6 tinh oxy h(')a~
cang manh, ngugc lai mot chat nhuong e cang dé
thi n6 c6 tinh khir cang manh.

- Pai l}l(,mg' dac trung 9h0 kha nang oxy hoa - khur
cua moi chat goi la thé oxi hod khur (the dién cuc),
ky hiéu — E hoac ¢ hodc ¢). E 1a gia tri cua mét cap
oxy hoéa - khur lién hop.

+Pon vi: mV, V,...

+ Gia tri: (+) hodc (-)
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Chwong 5: Phwong phap chuan dé oxy héa — khir
V.1. Cén bing oxy héa — khir trong dung dich
V.1.1. Pinh nghia
b. Cuwong dd chét oxy hoa va chit khir
- Trong mot cap oxy hoa — khir lién hop, E cang 16n
thi kha nang oxy hoa cua dang oxy hoé cang 16n va
kha nang khir cia dang khir cang yeu, va nguoc lai.
- Mubn so sanh kha niing oxy hoa - khir ciia cac cip
oxy hoa khur lién hop }(héc nhau,, phai so sanh
chﬁr‘lg trong nhf;ng diéu kién giong nhau, thuong la
& diéu kién chuan.
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Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy hoa — khir trong dung dich
V.1.1. Pinh nghia
b. Cudng dd chit oxy héa va chit khir
- Piéu kién chuan:

+ Nong d6 cua dang oxy hoa bing ndng do cua
dang khir la 1 mol/l.

+ Nong d6 ion H* 1a 1mol/l

+ Ap suét khi 1a 1atm.

- Thé oxy héa khir do dwoc trong didu kién chuin
goi 14 thé oxy hoa khir tiéu chuén, ky hiéu - E°.

- Ngudi ta quy udc, thé oxy hoa — khir tidu chun
ctia cip 2H/H, bing 0.
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Chwong 5: Phrong phap chuén do oxy héa — khir
V.1. Céan bang oxy héa — khir trong dung dich
V.1.1. Pinh nghia
b. Cwong dd chét oxy hoa va chit khir
- Trong thuc té, khong thé xac dinh dugc gia tri
tuyét d6i thé cua mot cap oxi héa — khir lién hop.
Mudn xac dinh E° cua 1 cap oxy hoa khur nao do, ta
ghép 1 cuc cap oxy hoa - khir d6 véi cuc hydro tiéu
chuén (E° = 0 V) thanh 1 pin va do E cua pin.

- Vi du thé oxy hoa — khir tiéu chuén:
E° =L5SIV)EY  =136(F)

MnO3 I Mn** chacr

E° =1,36(V);E°

Cro¥ 12Cr* FettIFet

=0,77(V)
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Chwong 5: Phwrong phap chuén do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.1. Pinh nghia
b. Cwong dd chét oxy hoa va chit khir

Anode |'

H: Gas — |
At 1 ATM

|
1M CuS0.
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Chwong 5: Phwwong phap chuan do oxy héa — khir
V.1. Can bang oxy hoa — khir trong dung dich

Vometer + 1,40 V

=

Coppar

Zii
{cathode) %

{anode)

o

2o Culs) 40,34 V Znig) —w Zn®* +20° + 0.TEV

Cu™ + Znigl —e Znf* + Culs)
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Chwong 5: Phwong phap chuin dé oxy héa — khir

TABLE 17.1 Standard R Potentials at 25 °C
Meduction Hall-Heaction
g + 20
MO eyl + I Ieg) ¢ 20
Ml gl o BH el o
Oy + 2w
€ el o VA Tngh o b

Weaker
: mducineg
. agemt
38
Ol + WHlagl 4 Aw ¥ i
i & l
o ¢ E: e

St
reducing
agent

Chwong 5: Phwong phap chuan dé oxy héa — khir
V.1. Cén bing oxy héa — khir trong dung dich
V.1.1. Pinh nghia
b. Cuwong dd chét oxy hoa va chit khir
Phwong trinh Nernst: phuong trinh biéu dién thé
oxy hoa - khir phu thugc vao nong do chat oxy hoa,

E: thé oxy hoé- khir (V)
EY: the oxy hod- khir
tiéu chuan
R: hang so6 khi
T: nhiét d6 Kelvin
n [kh] n: s0 e trao doi
(6:25°C, doi In ra lg) F: hing s6 Fraday
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Chwong 5: Phwong phap chuan dé oxy héa — khiv
V.1.1. Pinh nghia
b. Cwong dd chét oxy hoa va chit khir

]
=
g
S
=
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=
Z.
(o]
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=
a

| E Trudng hop tong quét, hé oxy hoé - khir lién hop
= duoc biéu dién bang 1 phuong trinh:

aA+bB+... ne5cC+dD+ ...
Dung dich loang coi a= C.

a b
a,dg...

E=p+ 2%,

c d
n ac.ap...

Chwong 5: Phwong phap chuan dé oxy héa — khiv
V.1.1. Pinh nghia
b. Cwong dd chét oxy hoa va chit khir
Vi du:
: MnO; +5e+8H" = Mn* +4H,0

. 0,059 [MnO; |[H *]X

EMno;/M'12‘= MnUE/M"2‘+ 5 lgw

Cl, +2e = 2CI
0,059, Fy
E =E +—="lg 2
cLcr ch/2cr 2 I: Cl’:lz
Agt + les Ag
E e =B 1y +0,0591g] Ag™ ]

Ag'/Ag A;

Chwong 5: Phwong phap chuin dé oxy héa — khir
V.1.1. Dinh nghia
c. Phan wng oxi héa — khir
Electrgn khong t0n tai tw do trong dung dich, do df’) mot chét
chi thé hién tinh oxy hoa (hay khir) khi c6 mot chat khir (hay
oxy hoa) cho (hay nhan) e ctia no.
Phan img trao ddi electron (e) giita chat cac chit tham gia
phan Gng goi la phan (ng oxy hoa — khur.

Ox, + Kh, 5 Kh, + Ox, (1)
Quy téic du doan chiéu ciia phan @ng oxy héa - khir
Mubn (1) xay ra theo chiéu tir trai sang phai thi AG < 0.
AG = - nFAE = -nF(Eq,/kn — Bow/k) <0

2 Eou/kni >7E0x2/ Kn2 .
Do d6 c6 thé du doan chiéu cua phan Gmg oxy hoa — khur
thong qua E°.
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Chwong 5: Phwong phap chuan dé oxy héa — khiv
V.1.1. Pinh nghia
¢. Phin irng oxi héa — khir
Quy téc: Phan g oxy hoa khir xay ra theo chiéu, dang oxy
hoa cua cdp co Ef’ 16n hon s¢€ tac dung véi dang khir cua cap
¢6 E° nho hon d¢€ tao ra dang khur va dang oxy hoa twong
ung ctia 2 cap do.

UK dica va my A M 20 el m G W st el rab ol ol el R Mg Ag MY A AR
LUK BaCa Ma M3 A Mn Zn Cr Fe Co M 8n Pb Fa | H|Cu Cu Cu Fe Hg Ag Mg @1 Au
s FEII/ _\\<‘;-
Fa.'\-/ Fal”
Fé + Fa—= 2F§
Luu y: trudng hop ngoai 1€ xét chidu phin tng oxy héa —

Kkhir théng qua cic gia tri thé oxy héa — khir tiéu chuin
diéu ki¢n, ky hi¢u E”.

G

B
|
Fa' Cu

el + Fe—Fu + Cu

Chwong 5: Phwong phap chuan dé oxy héa — khir
V.1. Cén bing oxy héa — khir trong dung dich
V.1.1. Pinh nghia
d. Hing s6 cin bing ciia phin tng oxy héa - khir

aOx; + bKh, = aKh, + bOx,
x, o8] [KA]
[Ox,]'[ K]
Ox,/Kh, thudc cép oxy hoa khir lién hop thur 1.
aOx; + ne < aKh,
0,059, [Ox]
[Kn]
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Chuwong 5: Phwong phap chuén d6 oxy héa — khir
V.1. Cén bing oxy héa — khir trong dung dich
V.1.1. Pinh nghia
d. Hing s6 cin bing ciia phin tng oxy héa - khir
Ox,/Kh, thudc cép oxy hoa khir lién hop thur 2.

bKh, - ne = bOx,
0,059 g[Oxz]b

[&n.]

Khi phan tmg dat t6i can bang thi E,, = Ey,.
0089, [Ox]'__, 0,059, [ox,]’
n Clkh " 0 C[knT
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E, =Ep, + I

EQ,+
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Chwong 5: Phwong phap chuan dé oxy héa — khir
V.1. Cén bing oxy héa — khir trong dung dich
V.1.1. Pinh nghia
d. Hing s6 cin biang ciia phan ng oxy héa - khir
_ 0,059|g[0x2]:[|<h1]"’

nC[Kh ] [Ox ]
0,059

EOOx - E&n

Eo—Eg = IgK,,
n 0 0
_ n(Ep, — Ey,)
0,059
Vi du: tinh hing s6 cin bang ctia phan tmg
MnO, + 5Fe*" + 8H' 5 Mn?" + 5Fe3* + 4H,0
E° =15LE’, , =0,77

MnOj | Mn** Fe* [Fe*

IgK,

Chwong 5: Phwong phap chuin dé oxy héa — khiv
V.1. Cén bing oxy h6a — khir trong dung dich
V.1.2. Nhitng yéu t6 anh huéng dén thé oxy héa — khir
a. Anh huéng ciia pH
Néu thyc hién phan ¢ng & pH # 0, do anh hudng cua ion H*
ta phai tinh E*" dé xét chiéu cua phan tng oxy hoa — khur.
- H* tham gia truc tiép vio cin bang oxy hod - khir
Cr,0.2 + 6e + 14H' 5 2Cr3* + TH,0
, 0,059, [croi u ]
ECr,o,”/zc‘r“ = Zerorne Tlgi

0,059
ECrzo%’/zcr“ = Eco'rgo%'/zcﬂ’ +
0,059
6
Khi [H'] cang 16n thi E” cang 16n, kha ning oxy hoa cua
O, cang manh.

E”=E"+ 1g[#°]" = B ~0.14pH

Chwong 5: Phwong phap chuin dé oxy héa — khiv
V.1. Can bing oxy héa — khir trong dung dich
V.1.2. Nhiing yéu t6 anh huéng dén thé oxy héa — khir
a. Anh huéng ciia pH

Vi du I: Tinh thé oxy héa — khi tiéu chuén diéu kién cua
cap AsO,>/AsO;> trong méi truong c6 pH = 8. Biet E°
(AsO,*/AsO;*) = 0,57 V.
Vi du 2: Viét phan img hoa hoc c6 thé xay ra giita As'043,
AsO;*, I, I trong moi truong c6 pH = 0 va pH = 9. Biet E°
(AsO2/AsO5*) = 0,57 V; E® (I/21) = 0,54 V va gia thiét
nong do can bang cua cac dang oxy hoa, khir déu bang 1M.



POOOOOODOORNOIPIVIOIODOLOIOOIDOYG

-
-
=
-
-
-
-
-
-
— >
-
-~
=
-
= -
= -
-
-
-
-
-
-
-
-
—
-

Qoo bOODObOROOIDOIODIOOOLODOIDOY

Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhiing yéu t§ anh huéng dén thé oxy héa — khir
a. Anh huéng ciia pH
H* khéng tham gia truc tiép vio cin bang oxy hod - khir
S(r) +2e 5 S*
ES/S” = Eg/s" A 0 (;59| 312-
S% 1a 1 da bazo nén c6 tham gia qua trinh proton hoa
S* +H' 5 HS
HS +H's H,S
Nong d6 [H'] trong dung dich ¢6 anh huong dén [S*] nén
gdy anh huong déu can bang oxy hoa khur
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Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu t6 dnh huéng dén thé oxy héa — khir
b. Anh huéng cita phin {rng tao phirc
Ay Tnes By,

L 0,059, [Am]

5]
Truong hop 1: gia st A, tham gia vao phan tng tao phirc

Aw + XSAX B,

AX+X AXZ B,

=E°

A/B

E

AlB

AX 4XSAX, B,
Dt [Agg]'= [Agu] + [AX] + [AX,] + ... + [AX,]
> (Al = [Agy] (1 By [XT+ By o[XP + .. + By, [X])

26

Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu tb inh hwéng dén thé oxy héa — khir
b. Anh huéng cita phin {rng tao phirc
o =1+ B [X B [XT +.t B [X]'

2 [Agn]’ = 0ta[Agul
0,099, 1, 0059, [A] A]

a, n [B ]

_gr 0059, [N,,]

A/B
* [l
0,059 "
lg—
(X’A

_ 0
EA/B _E/I/B +

E

AlB

0 _ 0
_)EA/B EA/B
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Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu t6 dnh huéng dén thé oxy héa — khir
b. Anh hwéng ciia phin tng tao phirc

Vi dy 1: Tinh E” cta cap Fe’'/Fe** khi dung dich c6 tac
nhan tao phirc NaF, vé6i [F]= 102M.
Cho biét: E® (Fe3*/Fe?*) = 0,77 V va phtc FeF3- ¢6 B, =
106:04; B1,2:1010’7; B1,3 = 10137 BIA: 101574 BI,S = 1061
BI,G =10'66,

Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhiing yéu t6 anh huéng dén thé oxy héa — khir
b. Anh huéng cita phin {rng tao phirc
Truong hop 1 néu cé dw phdi tir va tao phirc bén:
By, -ne s A,
A +nXD AX, PB= ﬂ
o v [A1X]
By, —ne +nX 5 AX,
By =By + 202 XL
Miit khéc, n [By, JIX]
o 0,059 [ Al o 0,059 [4X,]
Eys=Eys+ B =Eup+ -
“ (8] BB, ][X]
0,059 . 1
p

0 _ o
S E.s=E,s+

Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu t§ anh huéng dén thé oxy héa — khir
b. Anh hwéng ciia phén g tao phirc
Vi dy 2: Tinh E” cua cdp Fe**/Fe?" khi dung dich c6 du tac
nhan tao phirc NaF.
Cho biét: E° (Fe3*/Fe?) = 0,77 V va hing sb bén tong cong
clia phirc FeFg> B, = 10'66.
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Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu t6 dnh huéng dén thé oxy héa — khir
b. Anh hwéng ciia phin tng tao phirc
A, Tnes By,
o0 0,059 [4,,]
Eyp=Eyp+ ” lg [Bkh]
Trwong hop 2: gia st By, tham gia vao phan tg tao phirc
B, + X’ s BX By
BX’ + X’SBX, B,

BX,, +X’sBX, B,
bt [By]= [By] + [BX’] + [BX,'] + ... +[BX,’]
2 [Bu)” = [Bi] (14 B [X]+ B X+ + By [XT),
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Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu t6 dnh huéng dén thé oxy héa — khir
b. Anh huéng cita phin {rng tao phirc
oy =1+ B [X B [X T+ 4B [XT
= [Byn]’ = ap[By]
0,059 0,059 [4,,
E = Eﬁ/s + lgo, + lg[ h:!
n n [Bkh]
A4
0,059 lg[ Ll

n [Ba]

Igo,

— "
EA/B _EA/B +

0,059
n

0' 0
> Eys=Eyp+
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Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu t6 anh huéng dén thé oxy héa — khir
b. Anh hwéng ciia phén g tao phirc
Trudng hop 2 néu c6 dw phdi tir va tao phirc bén:
A,,tnesB
o b [BX,]
B,+nX' = BX, pl=——r
A tneinX =BX" [B,, 11X
oh T NE+ 01X’ S BX)
E,,=El,+ 0,0591g[onh][X1
Mit khéc, Z [BX,]

4 14, 0xT
0,0591g[ Ll :Eg/ﬁ+0’0591gB [ ,,,h][ ]
n - [Bu] [Bx, ]
0,059,

1z
n

_ 0
EA/B _EA/H +

0 _ o
—>E, s =E,+
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Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu t6 dnh huéng dén thé oxy héa — khir
b. Anh hwéng ciia phin tng tao phirc

A, Tnes By,
0,059, [4,,]
E =E0 + > lg oxh
A/l? AlB n [Bkh] '
Trwong hop 3: gia su ca Ay, va By, cing tham gia phan
ung tao phirc phu
0 g0 0,059

o
Tuong tu, Eup= ==

1;
A n_o . y a, 5
Truong hop 3 néu cé6 du phaoi tir'va tao phirc bén véi ca
A n V2 By, thi twon tyr ¢6:
g 0,059
0 0 >
B =B e

"
1i
£p

Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu t6 anh huéng dén thé oxy héa — khir
b. Anh huéng cita phin {rng tao phirc
Vi duy 3: Tinh E” Vcﬁa cdp Co**/Co?" khi dung dich c6 du
lwgng ammoniac de tao phirc Co(NH;)s** véi B, = 1032 va
phitc Co(NH;)¢*" v6i By 5" = 1044 Biét: E° (Co¥"/Co?") =
1,84 V.

Chwong 5: Phwong phap chuan do oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.2. Nhitng yéu t§ anh huéng dén thé oxy héa — khir
c. Anh huéng ciia phén {ng tao két tia
Néu 1 trong 2 dang oxy hoé hogc khir ¢ tham gia vao phan
ung tao két thi can bang ctia phan (mg oxy hoa khir bi dnh
huong.

Vi dy: Tinh E” ciia cip Cu?'/Cu” khi c6 du I dé tao két tia
Cul. Cho biét: T¢, = 1012 va E® (Cu?*/Cu*) = 0,17 V; E°
(I,/21) = 0,54 V.
Néu dy doén chiéu clia phan (g oxi hoa-khi theo E? thi
phan Gng (2) xdy ra theo chiéu tir trai sang phai:

2Cu* + 1, =2Cu™ +20  (2)

Tuy nhién, thyc t& phan (g xay ra theo chiéu tir phai sang

trai.
36
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Chwong 5: Phwong phap chuan do oxy héa — khir

V.1. Can bang oxy héa — khir trong dung dich

V.1.2. Nhiing yéu t§ anh huéng dén thé oxy héa — khir

c. Anh hwéng ciia phan wng tao két tia

Khi ¢6 du I, ¢6 can bang:
Cu**+es Cut
Cu'+1-5 Culd  Tey=

Cu* +e+IsCuld
E, =E”+ 0,0591g [Cu*].[I]
Mat khac,

E,=E"+ 0,059lg% =E°
u

[Cu][T]

27T =
+o0songl e 1]

Cul

s B E° +0,0591g—— = 0,878 (V)

Cul

- Phan tmg (2) xay ra theo chiéu tir phai sang trai

Chwong 5: Phwong phap chuin dé oxy héa — khir
V.1. Can bing oxy héa — khir trong dung dich
V.1.3. Nhirng yéu t6 anh hwéng dén téc dd phan timg oxy
héa — khir
a. Anh huéng ciia nhigt do
Khi nhiét d6 tang thi toc do phan tng ting, thuc nghiém da
chimg minh rang khi nhiét d6 tang 1én 10°C thi Vi tang tir 2
-3 lan.

Vidu:

5H,C,0,4+ 2KMnO, + 3H,S0, % 2MnSO, + 10C0, + K,S0, + 8H,0
O nhiét d6 thuong phan ing xay ra cham (Vp, nho), tang
nhiét d dén khodng 70 -80°C (<100°C) phan ung xay ra
nhanh hon nhiéu ln.
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Chuwong 5: Phuong phéap chuén dé oxy héa — khir
V.1. Can bang oxy héa — khir trong dung dich
V.1.3. Nhirng yéu t6 4nh hwong dén téc d9 phan @ng oxy
héa — khir
b. Anh hwéng ciia ndng do

aA+bB s cC+dD

Téc d6 phan tng ty 1¢ thuan véi ndng do cac chét tham gia
phén {ng: —
V=k[AT'[B]

Vi dy: K,Cr,0; + 6KI + THyS0, 5 4K,S0, + Cry(SO,); + 3, + TH,0
Tdc d6 phan g xay ra cham, ting nong d¢ ciia K1 dé tang
téc do phan tmg (tang KI khoang 20%).
Truong hop nay st dung khi:
- Dung dich c6 chat d& bay hoi.
- Chét dé bi phan huy nhiét
(tirc 1a khong thé tang téc do phan img bing cach tang nhiét
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Chwong 5: Phwong phap chuan dé oxy héa — khiv
V.1. Can bing oxy héa — khir trong dung dich
V.1.3. Nhirng yéu t6 anh hwong dén téc d9 phan @ng oxy
héa — khir
c. Anh hwéng ciia chét xic tac

Vi du: Mn?* la chat xic tdc cho phan iing
5H,C,0, + 2KMnO, + 3H,80, 5 2MnSO, + K,SO, + 10CO, + 8H,0
+H,C,0, Mn2+

H*Y, Mn** Mn‘” +H,C,0, Mnh

MnO;
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Chwong 5: Phwong phap chuén dé oxy héa — khir
V.1. Can biing oxy héa — khir trong dung dich
V.1.3. Nhirng yéu t6 anh hwéng dén téc dd phan timg oxy
héa — khir
d. Phén irng lién hop
Phan tg lién hop: I céc phin tmg xdy ra dong thoi, trong
d6 co6 1 phan tng dong vai tro lam tang toc do cua cac phan
ung khac.
Co ché: ngui ta thuomg cho réng phan {mg tao thanh nhimg
sdn pham trung gian c6 tinh oxy héa hodic khir manh hon cac
chat ban dau.
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V.1. Can bing oxy héa — khir trong dung dich
V.1.3. Nhing yéu t6 inh huéng dén tc d9 phin tmg oxy héa — khir
d. Phén rng lién hop
Vi dy: Khi chudn d6 dung dich Fe?* bang dung dich KMnO,
trong moi trudng H*:

MnO, + 5Fe?* + 8H* 5 Mn2* + 5Fe3* + 4H,0 (1)
Néu trong dung dich c6 1an CI- thi:

10CI +2MnO, + 16H* 5 2Mn>"+ 5Cl, + 8H,  (2)
Binh thuong phan tng (2) xéy ra cham do:

0
EMnU IMn** =LSLN)E cl2cr =136 (V)

nhung khi c6 phan u tmg (1) xay ra kéo theo phan ing (2) xay
ra manh hon 1am sai két qua phan tich. Vi vay khi chuén d¢
dung dich Fe?* bang KMnO, néu dung dich c6 lan CI- thi

= phai cho vao dung dich Fe* mot lugng hdn hop Zimecman
(HZSO4, H;PO,, MnSO,).
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V.1. Can béng oxy héa — khir trong dung dich
V.1.3. Nhitng yéu t6 anh hwong dén téc dp phin ing oxy héa — Khir
d. Phén iing lién hop
Gidi thich:
- Néu khong ¢6 Cl:
3MnO, + 5Fe?" +24H* 5 3Mn?* + 5Fe* + 12H,0
5Fe’* + 10Fe*" < 15Fe3*
-Neuco Cl: [ [5FE+10CT = 5Fe+5Cl, 0
5CL +10Fe* = 10Fe™+10CI"
- Va néu c6 mit xuc tac Mn*:
5Fe’ +5Mn™ = 5Fe’ +5Mn*

SMn** +10Fe* = 5Mn** +10Fe* -
Qua trinh (2) xay ra manh hon so v6i qua trinh (1) (Mn?* dé
bi oxy hod hon 1a CI).
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Chwong 5: Phwong phép chuan dé oxy héa — khiv
I11.3. Chuén d9 oxy héa — khir
3.3.1. Mot s6 phwong phap chudn d oxy héa — khir hay ding

Fe?*, C,0,%, ... (chdt P/u tu chi thj
khir)

Fe?', Na,S,0s, ...
(chét khr)

Pemanganat

Dicromat CCT oxy hoa—
khtr (diphenyl
amin,...)

Chét oxy hoa tac CCT hd tinh bt
dung vai I giai phong
dinh lugng I, (Cu?',
)

As(III), Sb(II), ...
(chét khir)

Tot - thiosunfat

Bromat - bromua  KBrO; Metyl dam cam,

metyl do, ...

NGUYEN XUAN TRUONG - ANACHEM - SCE - HUST

Chwong 5: Phwong phép chuan dé oxy héa — khiv
I11.3. Chuén d¢ oxy héa — khi
3.3.2. Xdc dinh DT trong phuwong phap chuin d oxy
héa - khir
3.3.2.1. Phén trng tu chi thi
Dung dich ch,uén c6 mau dac trung, PTD quqc xac dinh khi
dung dich xuat hi¢n mau dac trung hoac mat mau dac trung.

Vi du: chuin do dung dich Fe2+ bang dung dich chuén
KMnO,.

MnO, + 5Fe?* + 8H' 5 Mn?* + 5Fe3* + 4H,0
(tim) (vang)

Chuyén Fe3* thanh dang phic [Fe(HPO,),] lam mat mau
vang cua Fe*', luc nay DT dugc xac ‘dinh lghi dung dich
dinh phan c6 mau tim nhat (mau phét hong) bén vimg trong
30 s do du 1 giot dung dich chuan KMnO,.
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Chwong 5: Phwong phap chuan do oxy héa — khir
I11.3. Chuan d¢ oxy héa — khir
3.3.2. Xdc dinh PTD trong phwong phap chuin dd oxy
hoa - khir
3.3.2.2. Sir dung CCT dic biét
Vi du: v6i phuong phép iot — thiosunfat.
HTB + I,  hop chat c6 mau xanh den (xanh tim).
DTD dugc xac dinh khi:
- Dung dich chuyén tir mau xanh - khéng mau (hét L)
- Hodc dung dich chuyén tir khong mau - mau xanh (dw
L).
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Chwong 5: Phwong phép chuan dé oxy héa — khir
I11.3. Chuén d¢ oxy héa — khir
3.3.2. Xdc dinh PTP trong phwong phap chuin d oxy
héa - khir
3.3.2.3. Chit chi thj oxy héa — khir
Pinh nghia
Chét chi thi oxy hoa khr la nhiing chét oxy hoa hodc khir
ma dang Ooxy hoa va dang khtr cia n6 gé mau khac nhau.
Mau cua chat chi thi phu thuge vao thé oxy hoa — khir cua
dung dich.
Khoing ddi mau
Gia sir c6 CCT oxy l}(’)a khur (Ipd), dang oxy hoa va dang
khtr cta nd c6 can bang trao doi electron:

Ind,, + ne = Indy,

mau A mau B
NGUYEN XUAN TRUONG - ANACHEM - SCE - HUST 47

Chwong 5: Phwong phép chuan dé oxy héa — khiv
I11.3. Chuan dg oxy héa — khir

3.3.2. Xdc dinh DTD trong phwong phap chuin d oxy
héa - khir

3.3.2.3. Chit chi thj oxy héa — khir
0,059 " [ind,,]
[Ind Kh]
Gia su rézng ta phan biét dugc mau ciia mot dang khi r}éng
do can bang cua no 1on hon cta dang kia khoang 10 lan.

[indo] ;10 £, 2 0, + 209
[indy,] n

_ 0
Elnd - Elnd

Dung dich c6 mau A:

Dung dich c6 mau B: [ind,] >10 > E, <E°, - 0,059
" n

[IndOX] -

NGUYEN XUAN TRUONG - ANACHEM - SCE - HUST

04/07/20



Chwong 5: Phwong phap chuan do oxy héa — khir
II1.3. Chuan d§ oxy héa — khir

3.3.2. Xac dinh DTD trong phuong phap chuin d9 oxy hoa

= -khir
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3 3.2.3. Chét chi thi oxy héa — khir
Indg;, ‘Khoang d6i mau ‘ Ind,, E
mau B ‘ ‘ mau A
E?m ’&nsg E:)m W M
Vi gi tri 0,059/n thuc té kha nho nén coi CCT d6i mau qua E°
Indg, | Indy E

mau B ‘ mau A
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Chwong 5: Phwong phép chuan dé oxy héa — khiv
I11.3. Chuén d¢ oxy héa — khi
3.3.2. Xdc dinh PTP trong phwong phap chuin d oxy
héa - khir
3.3.2.3. Chit chi thj oxy héa — khir
Mt s6 CCT oxy héa — khir thuong diing
11T Selected General Redox Indicators
Indicator Oxidized Color  Reduced Color

indigo tetrasulfonate blue coloriess
" methylens blue Blue colorless
. diphenylamine violet colorless
+ diphenylamine sulfons acid red-violet colarless

tris{2, T bipyridinejiron pale blue red
 femmoin pate blue red

tris{5-nitro-1,)0-phenanthrolineliron  pale blue red-violet

NGUYEN XUAN TRUONG - ANACHEM - SCE - HUST

Chwong 5: Phwong phép chuan dé oxy héa — khiv
I11.3. Chuan dg oxy hoa — khir

3.3.2. Xdc dinh DT trong phuwong phap chuin d oxy
héa - khir

3.3.2.3. Chit chi thj oxy héa — khir
Mt s6 CCT oxy héa — khir thuong ding

Tuis5-pitn- 1 10 phenantonlie)imn () sulfee

Trie( L 10-phenantheeling)imon(ll) sulfaty  —
Ennglancine &

Sodum diphe nylbezdine sutfonate =
Diphenylamine

— Mrthylene b

o

Ev
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Chwong 5: Phwong phap chuan dé oxy héa — khiv
I11.3. Chuén dd oxy héa — khir
3.3.3. Puong dinh phan
3.3.3.1. Phin éng ddi ximg
= Xét sy dinh phan dung dich chit Kh,

8 s (Np, V) bing dung dich chudn Ox, L

(XA

g
=3

=

£

s

g

=

o

(=

aOx, + bKh, < aKh, + bOx,
Ox, +bell Kh Ag
| Kh; {Nao.Va)
{ Kh, - ae 0 Ox, —
L0059, [05)
E, =E° 1
I/ui N Oxl/Khl b [Khl]
NV L 0,059 [0x,]

F= 0
E.=E
NV, oxvkne T P [Kh,]

Chwong 5: Phwong phap chuén dé oxy héa — khir
I1L.3. Chuén d9 oxy héa — khir
3.3.3. Puong dinh phan
3.3.3.1. Phan ting doi ximg
* Trudc diém twong duong (0 < V < V,,): tinh thé cua dung
dich theo cap Ox,/Kh,.
0,059, [O:
Eo =B+ g B0
1w
)
Kh, 1= 1 NJ,-NV
a (V+V,)
0,059 NV
> By =Pz *TIEW

0,059, F
Ig =

> Ey = Emzlm +

Chwong 5: Phwong phap chuan do oxy héa — khir
II1.3. Chuén dd oxy héa — khir
3.3.3. Puong dinh phan
3.3.3.1. Phin éng d6i ximg
* Tai DTD (V =V): tinh E 4 theo 2 cap Ox,/Kh; va Ox,/Kh,.
Tai DTD c6:
{a[Oxz] =b[Kh]
a[Kh,]=b[Ox;]
[O0x,][0x] _
[Kh, ][ K]
0,059, [0x] ) )
1 C[Kh,] _DE i + @By
0,059, [Ox] a+b
1 " [Kh)

——
Ak, =akp g, +

bE, = bElD)xl/Khl +

04/07/20



04/07/20

Chwong 5: Phwong phap chuan dé oxy héa — khiv
I11.3. Chuén d9 oxy héa — khir
3.3.3. Puong dinh phan
- Chiit chi thi:
Chon CCT c¢6 E° thude bude nhay thé: feroin, ...

Chwong 5: Phwong phap chuan dé oxy héa — khiv
I11.3. Chuén d9 oxy héa — khir
3.3.3. Puong dinh phan
3.3.3.1. Phin éng d6i xirng
* Sau diém twong duong (V > V,,): tinh thé ctua dung dich
theo cap Ox,/Kh,
7 0,059 ]
E EUX'/Khl b [Kh\]
LNV =NJ,
b (V+V,)
_L1 NV,
[Kh,]= T+

0,059, NV -NJ,
"on:nguKm+ b ITOO

[0x,]=—

& LSNH - 4DS - WAHOVNY - ONONULNYAX NIANON

B, B+ 0059, P

onirkn T b 1

N
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Chwong 5: Phwong phap chuén dé oxy héa — khir
I11.3. Chuén d9 oxy héa — khir

3.3.3. Puong dinh phéan
3.3.3.1. Phén trng doi xirng

Chwong 5: Phwong phap chuén dé oxy héa — khir
I11.3. Chuén d9 oxy héa — khir

3.3.3. Puong dinh phéan
3.3.3.1. Phén trng doi xirng
Vidu I:
Xay du‘ng dudng dinh phan khi chuan do 100,0 ml dung
dich ion Fe?* 0,IN bang dung dich ion Ce** 0,IN. Cho %lét
E® (Ce*/Ce**) = 1,44 V; E° (ge“/FeZ*) 0,77 V.

iai

Vidu 2:

Xay ‘dung dudng dinh phan khi chuén d6 50,0 ml dung dich
ion Fe?* 0,1N bang dung dich KMnO, 0,IN trong méi
truong axit H,SO, ¢6 pH =0. Cho biét B0 (MnO,/Mn?") =
-Phan @ng chuin dp: 1,51V E? (Fe3*/Fe2+) 0,77
Ce*t + Fe? < Ce’t + Fe**
V= Noby =100,0 ml

N

Vi du 3:

Xay ‘dyng dudng dinh phan khi chuén d6 50,0 ml dung dich
ion Fe?* 0,1N bang dung dich KMnO, 0,IN trong méi
truong axit H,SO, ¢6 pH = 1. Cho biét B0 (MnO,/Mn?") =

0 3 2+
- Xay dung dwong dinh phén: E, — V (Ce*") hodc F 151V, E? (Fe*"/Fe*) = 0,77 V.

LSOH - 7S - WIHOVNY - ONQNYL NYNX NFANON

2 LSOH - 408 - WAHOVNY - ONOAULNYNX \'4 ANON
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Chwong 5: Phwong phap chuin dé oxy héa — khir
II1.3. Chuén dd oxy héa — khir |
3.3.3. Puong dinh phan LI
3.3.3.2. Phan ting bét di ximg I i
Xét su dinh phan dung dich chit Kh, |
Ny, Vo) bing dung dich chuin Ox,
NV i
* Phan tng chuan do: i
a0x; + mKh, = bKh, +nOx, g

Ox, + me = éKhl
a

Chwong 5: Phwong phap chuin dé oxy héa — khiv
IIL.3. Chuén dd oxy héa — khir
3.3.3. Puong dinh phan

Oy (NV)
i
of —— =r=:

| = Kb (V)
——

n 0,059 Ox,
Kh,—ae=—0x, |E, =Eg, g+ Ig L lb]/a
m m [Kh ]
NV, Fe NV

0,059, [Ox,]"™
NOVO EKh - ngz/Khz 1 [thz]

1322
1,381 s Do dai clia budc nhay thé phu
1,422 ! thude vao AE® ctia 2 cap oxy hoa

* =
14371 khit lién hop. Va

I
nooooooooo.oooaio:o.oouooo
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Chwong 5: Phwong phap chuan dé oxy héa — khiv
I1L.3. Chuén d9 oxy héa — khir

3.3.3. Puong dinh phén,

3.3.3.1. Phén trng bat doi xing

Vidu 4: i

Xay dung duong dinh phan khi chuan d6 100,0 ml dung
dich ion Fe?* 0,IN bang dung dich K;CrZOO7 0,1N trong moi
trudng axit H,SO, c6 pH = 0. Cho biét E® (Cr,0,%/2Cr*") =
1,36 V; EO (F&¥/Fe?*) = 0,77 V.

NGUYEN XUAN TRUONG - ANACHEM - SCE - HUST

Chuwong 5: Phwong phap chuan dé oxy héa — khir
I11.3. Chuén dd oxy héa — khir
3.3.3. Puong dinh phan
3.3.3.2. Phéin émg bt d6i ximg
* Phan tng chuan do:
Cr,0.% + 6Fe?* + 14H" 5 2Cr3* + 6Fe3* + 7TH,0
Cr,0 +6e+14H" = 2Cr* +TH,0
Fe** —le= Fe**

* 7, =2 1000 ml
N

e 0,099, [Cr, O [H'T*
ox 'ty 037 12Cr 6 [Cr3+]z

0,059 [Fe*]
=E', L +——1
Fe™" [Fe 1 g[FCZ+]

Chwong 5: Phwong phap chuin dé oxy héa — khiv
I11.3. Chuén dd oxy héa — khir
3.3.3. Puong dinh phan
* Trudce diém tuong duong (0 <V < V,y): tinh thé ctia dung
dich theo cdp Fe’¥/Fe?".
0,059 [Fe™]
EK’I = Ef‘e"/ﬁez‘ 1 g [Feh]
NV
V' +7)
NV, - NV
V+)

[Fe]=

[Fe*]=

0,059 NV 0 0,059, F
lg—

—SEg=E", .+ ——=E’, .+
K ENg, Ny R 1 C1-F

Fe** e 1
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Chwong 5: Phwong phap chuan dé oxy héa — khiv
I11.3. Chuén dd oxy héa — khir
3.3.3. Puong dinh phan
* Tai DTD (V =V,y): tinh E,; theo 2 cdp Cr,0,>/2Cr** va
Fe3*/Fe?t.
Tai BTD co:
[Fe*]=3[Cr"]
[Fe*1=6[Cr,07]
0,059, [Fe™]
Erq :Ef{iel'/Fez' + 1 1 [Feb]
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Chwong 5: Phwong phép chuan dé oxy héa — khiv
I1L.3. Chuin d oxy héa — khir
3.3.3. Pwong dinh phan
+ Sau diém twong duong (V > V,): tinh thé cua dung dich
theo cdp Cr,0,%/2Cr3".
0,059 [Cr,0* [H'T*
B =Eeyorner + ¢ lgW
1 NV - NV,
Cr, 0 ]=- 2%
Cn 0 1= v +r)
1 Ni¥y
3(V+Vy)

0 0,059
= E-H = ECrzo%’/zcﬂ' i 6

[crl= %[Fc’*] =

3NV = NVo)(V +V)HT*
2(NJFo)(NVs)
_ +q14
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