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1. Phan trng oxy héa khwr

Phan (ng lién quan dén sw chuyén dién tlr gitra cac
tieu phan cta phan rng

Ox, +Kh, 2 Kh, +Ox,

Ox,+ne” 2 Kh, (ban phan &ng khir)

Kh, 2 Ox, +ne"  (ban phan trng oxy hoa)
« Ox = “chét oxy hoéa” nhan dién t&r (bi khir), lam giam sb
oxy hoa - -

Fe'" +ez= Fe
« Kh = “chat kh+” cho dién t& (bi oxy héa), lam tang sb oxy
hoa -
2l 21, +2e

«Céac chét déng vai trd oxy héa hay khir tly thudc vao thé

khir ctia chung ,




Cu(s) + 2Ag*(aq) Cu(s) + Zn?*(aq

Cu?*(aq) + 2 Ag(s) Khong p.ing

Cu/dd Ag* Cu/dd Zn?*

2. Can bang phan rng oxy héa - khir

Sn"? +Fe” = Sn™ + Fe"

Sn”? 2Sn™ +2¢
(Fe” +e" =Fe™) x2

Sn*" +2Fe’ = Sn*" + 2Fe™




2. Can bang phan trng oxy héa - khir
Fe’" + MnO, & Fe’" + Mn*'

MnO; +¢e ? = Mn*'

1 = 1(X)yp + 4(-2)o +2
X=+48 -1=+7

MnO;, +5¢" &2 Mn*'
MnO; +5¢" &2 Mn*" +4H,0
MnO;, +5¢ +8H" 2 Mn ™ +4H,0 (1)

(Fe¥ =2 Fe’ +e7) x5 (2)

5Fe’*” + MnO, +8H" & 5F¢’” + Mn*" +4H,0
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Can bang phan (rng oxy héa - khir
Fe*" +Cr,07 &2 Fe’ +Cr’*

Cr,07 +e 2?22 Cr*

6Fe*” +Cr,07 +14H" &2 6Fe™ +2Cr’" +7H,0
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3. Chiéu cua phan rng oxy héa- khtr
v Mach dién oxy hoa-khwr
Fe* +Ce" =2 Fe” + Ce’™”
- sw di chuyén clia cac

@ ‘) e —két qua cta p.or
hda hoc

Salt bridge « Hiéu thé do duwoc
gira 2 cwc clia mach
= hiéu thé oxy hoa khir
cla cac nguyén tb tao
nén hé = sirc dién
doéng cla pin Galvanic.

JPt Fe? ~Fed +e Ce* + e =Ce™ [Pt ~(Pt) Fe2*IFe™IICe3*ICe* (Pt,)+
Fe?* solution Ce*t solution _

Fe2* bi oxy hoa Ce* bj khtr

(dién cyc anode) (dién cyc cathode) 7

Flow of Voltmeter
electrons
Salt bridge
Anode| /7 KNOjag _[Cathode
W |~
e R
= & I
Zn - Zn2+ + 2e- CU2+ + 26' e d cu
1.00 M Zn(NO3),(aq) 1.00 M Cu(NO3)»(aq)

-Zn(s) , Zn**(aq) || Cu*'(aq), Cu(s) + E.,;=1.103,




4. Thé oxy héa- khir

v Dién cyc hydro chuan (SHE)

+ P& so sanh kha nang oxy
hda khir ciia cac nguyén tir
va lap mach Galvanic gém
cap can khao sat va dién cuc
hydro chuan

- Pién cuc hydro chuan (SHE)
Pt|H,(g,1atm)| 2H"(a=1)
2H*(a=1)+2e — H,(g,1atm

Qui woc: E° =0V

Glass tube o
contain Hy(g) —

Pt wire

l=—H,(g,1 bar)

p |

Pt(s) electrode

i |
L H*(ag,a = 1)

B

- Bubbles of H,(g)

Thé chuan

Pt{H,(g, 1 atm), H* (a=1) || Cu®>*(1 M), Cu(s) E°,=?

anode
Eo

cathode

— Eo o
cell = E cathode ~ E anode

o — o o
E°cen = E°cy2ticy -E H*/Hg

0.340 V = E° 2+, -0 V

Eocu2+lcu = +0.340 V

H, + Cu?* —» H*+ Cu(s) FE°

cell

=0.340 V




Po thé chuan

B\ s

Hy(g) H,(g)
1 atm 1 atm
E——— —
| Cu | ‘ Zn
50 ) 154 |
H (aq) ; Cu?*(aq) H*(aq) < Zn**(aqg)
L« aM _ (1 M) amM (1M)
anode () cathode cathode ®  anode
H, > 2H'+2¢ Cu? +2e-— Cu 2H*+ 2e-—>H, Zn — Zn* + 2e-
E%uz+icu = 0,34 V E%, 4z, = -0,763 V )

+ So d6 mach Galvanic cla sét clorua v&i dién cuc hydro
(Pt) H,, 2H* || Fe2*, Fe3* (Pt)
hay SHE|| Fe?*, Fe** (Pt)
— hiéu sb thé trén cac cwc clia mach galvanic = +0,771 V
— Gia tri dwong chi tinh oxy héa ctia Fe3* > H*
—> thé do duorc voi dién cuc hydro chuan khi néng do cua
cac ion = 1M, nhiét d6 25°C goi la thé chuan (E?)

—> Thé dién cwc cang dwong — tinh oxy héa cla tac nhan oxy
hdéa cang manh, va dang kh(r ctia né coé tinh khir cang yéu
Ce" +ee2Ce™ E"=1,61V ,
Ce** la tac nhan oxy héa manh, Ce3* tac nhan khir yéu
Zn*" +2e = Zn E’ =-0,76V
Zn2* |3 tac nhan oxy hoa yéu, Zn tac nhan khir manh
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THE CHUAN

Ban phan trng E° (V)

Tac nhan F, + 2¢ & 2F Tac nhan 2.890

Oxy héa MnO, + 5¢ < Mn?>* Khie 1.507

Ce* + e < Ce** (in HCI) 1.280

0, + 4H* + 4e < 2H,0 1.229

4 Agt+ e o Ags) 0.799

% Cu2t + 2e < Cu(s) o 0.339

o 2H' + 2 < Hy(g) 'S 0.000

e Cd2* + 2e o Cd(s) . -0.402

> Fe?* + 2¢ «> Fe(s) < -0.440

o Zn** + 2e < Zn(s) < -0.763

< AB*+ 3¢ o Al(s) = -1.659

= K+ e < K(s) -2.936
Li*+ e < Li(s) v -3.040 .

Strc dién dong cua pin

- (Pt)) Sn?*, Sn** |l Fe3*, Fe?*(Pt,) +
anode cathode
Sn* +2¢” —Sn*", Bl .. . =0,154
Fe'' + ¢ > Fe”,E.. . =0,771
Anode: Xay ra qua trinh oxy héa — chat khir manh (bén trai)
Cathode: Xay ra qua trinh khir — ch4t oxyhda manh (bén phai)
Epin = Eright —-En=E —E =E, -E.

_ 1o o
Epin o EF<33+/Fe2+ ESn4+/Sn2+

=0,771 - 0,154 =0,617

* Khi pin dworc thiét lap, sdd cua pin luén dwong

cathode anode




Tinh strc dién ddng cuia pin dwoc thiét 13p tlr 2 ban pin sau

Fe'' +e =2 Fe* E’=0,771V
[[+2¢ =3I E’=0,5355V

- 50 0
>
Vi EFe3+/Fe2+ EI3'/I'

E,,=E’,. . —E" =0,771-0,536=0,235

pin Fe'* /Fe*"

2Fe™ +31 =2Fe” +1,

5. Phwong trinh NERNST
% Ban phan &ng: a0Ox + ne” <> bKh
Thé ctia ban pin (¢ 25 °C), E, dworc tinh nhw sau:

RT, (|Ox]* , ,
E=E° + In [ ] - E° = thé dién cuc chuan
nF | [Kh] R = hing s6 khi = 8.314 J/K-mol

2\ T=nhiét do tuyét ddi (298K)
E=FE° + 0.05916 log [OX] F= h.:;“mg s6 Faraday = 9.649 x 10* C/mol
n [Kh] b [ n=s0dién tir

Mét dd gém Cr,0,2 10-3M va Cr3* 10-2M. Tinh thé cda ban
pin trong moi trirong acid pH = 2

Cr,0> +14H"* + 66 = 2Cr*" + 7H,0

Cr,O*][H']*
E= Egrzoz_m + 0'05916log [0, I - : =1.06V
! 6 |:CI'3+] 16




5. Phwong trinh NERNST
% Xét toan bd phan rng: Thé cda toan phan (rng
n,0x, + n,Kh, 2 n0x, + n,Kh,
E,=E.-E & E, =E/-E
B, —(E'~E")- 0.05916 g [oxz]n“l [Khl]r: _po _Mng
nn, [Ox,]"[Kh,]" nn,
= Cho pin Cu — Fe & diéu kién chuan (néng do = 1M)
Cu?* + 2e- < Cu(s) 0.339V
Fe2* + 2e- «— Fe(s) -0.440V
* Phan (rng Galvanic
Cu?*(aq) + Fe(s) <« Cu(s) + Fe?*(aq)
Fe|Fe2*(1M) || Cu2*(1 M)|Cu

E’ =E’-E’=0,339+0,440=0,779V

pin
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Ap dung phuong trinh Nernst tinh sdd cua pin sau, Epin-

(Pt) Fe2+(0.10 M),Fe3*(0.20 M)||Ag*(1.0 M)|Ag(s)

Fe?*(aq) + Ag*(aq) — Fe3*(aq) + Ag (s)

. 0.05916 =
EPin - Epin - |Og Q ® ( Volimeter 1
n idee
. 005916 [Fe¥] el [ _wow T o
Fon =B T SR iag] | .
E0, = 0.799 V - 0.771V = 0.0280 = B |
Fe2* (0,10 M) Ag*(LOM)

Fe*(0.20 M)

E,,=0.028V-0.018V =0.010V




5. Phwong trinh NERNST

Phan &ng Galvanic
Fe|Fe?* (1M) || Cu?* (1M)|Cu

Cu?*(aq) + Fe(s) < Cu(s) + Fe?(aq) E,,=0.779V
> E >0 — p.irng clia pin xay ra tw nhién theo chiéu thuan

> E <0 — p.irng ca pin xay ra tw nhién theo chiéu nghich
< Néu pin chay trong th&i gian dai:

« Chét p.trng bi tiéu thu

» San pham duoc hinh thanh

* P.lrng dat dén cép bang

* Ejin — 0 1 ly do hét pin
> E =0 — p.lrng cla pin dat can bang

5. Phwong trinh NERNST- Thé & cin bing

< Khi pin dat dén can bang (& 25°C) : E;, = 0
0.05916  [Ox,]"[Kh,]" _, 0.05916

T T TN AT
E,in = E’ —%lg K=0
K = Q™mE 1005916
*E0>0:K>1

*E0<0:K<1
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Méi quan hé giira nhiét déng hoc (AG?), can bang (K_,)
va dién héa hoc

Dq thanh
phan & cb

RT
AG" =—RTInK,, Ej, = —InK,,

nF

AH
AG’=AH-TAS’

AS
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6. Dién cuc so sanh (Reference Electrode)

% Dién cwc bac (Ag/AgCIl) < Dién cuwc calomel (SCE)

« bdo hoa bang dd KCI + bdo hoa bang dd KClI

* AgCI(s) + e <> Ag (s) + CI- * %2Hg,Cl, + e- <> Hg + CI-
«E=+0.197V « E=+0.241V

——— Wire lead

Air inlet to allow
electrolyte to drain

| slowly through
porous plug

Ag wire bent
Into a loop

Aqueous solution
saturated with

l KCI and AgClI

AgCl paste

Solid KCI plus

some AgCl

| Porous plug for contact
with external solution
(salt bridge)

Wire lead

Pt wire

Hole to allow
drainage through
porous plug

Hg(/)

Hg, Hg.Cl.

+ KCI

Glass wool

Opening

Saturated KCI
solution

KCl(s)

Glass wall

Porous plug 22
(salt bridge)




6. Dién cuc so sanh

E, = E° - 0.241 (SCE)

E,, = E° - 0.197 (Ag/AgCl)

EO(SHE) E(SCE) E(Ag/AgCI)

Cu?* + 2e- « Cu(s) 0.339V 0.098 V 0.142V

Fe?* + 2e- & Fe(s -0.440V -0.681V -0.637 V
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7. Chuan @6 oxy héa khir

Xay dwng db thj biéu dién sw thay dbi thé oxy hoa khir E
cﬂg dung dich dinh phan theo mic d6 thém dd chuén cla
chat oxy hoa hay khtr

Xay dyng duong cong chuén = ek
dé thé cua 100,0 mL dd Fe+? ‘ _‘%
0,700M véi 10,0mL; 50,0mL; o, O :
100mL, 200,0mL dd Ce** QQJIE
0,100M trong méi trurong .
acid HNO;. e !l >
Fez+ + Ce4+ ﬁ Ce3+ + F63+ e e —-"L’ji/l/%?gennﬁ:le
T electrode
0 — *in1 MHCIO "
EF63+/F62+ - 09771V |'"-_-_!'__-\_-'a -_‘_‘_H LI—' Pt wire
0 — > | Magnetic
Ece4+ c = 1 ,6 1 V C _—-—'—'_'_)}_'_ stirring bar




Xéy dung duong cong chuén dé thé cda 100,0 mL dd Fe*2
0,700M v&i 10,0mL; 50,0mL; 100mL, 200,0mL dd Ce**
0,100M trong moéi trirong acid HNO.

Phan tng chuan d6:  Fe?' 4+ Ce* &= Ce®" + Fe™*
% Thém V =10,0 mL Ce** V..M _, >V_.M

Fe2+ Ce4+

# mmol Ce** thém vao = 0,100M x 10,0 mL = 1.00 mmol
# mmol Fe3* tao thanh = 1.00 mmol
# mmol Fe?* con lai = (0,100 M x 100,0 mL)-1,00 mmol = 9,00
0,0592 [Fe’]
E=E’, , += lo
Fe’" /Fe n g[Fe2+]

E=0,771+0,0592log(1,00/9,00) = 0,714V
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Xay dung duong cong chuén dé thé cda 100,0 mL dd Fe*2
0,100M vé&i 10,0mL; 50,0mL; 100mL, 200,0mL dd Ce**
0,100M trong moi trirong acid HNO.

Phan tng chuan d6:  Fe®" + Ce** &= Ce®" + Fe™*
2+ Thém V=50,0 mL Ce** V..M _. >V_.M

Ce4+
# mmol Ce** thém vao = 0,100M x 50,0 mL = 5.00 mmol
# mmol Fe3* tao thanh = 5.00 mmol
# mmol Fe?* con lai = (0,100 M x 100,0 mL)-5,00 mmol = 5,00
3+
E-E 0,0592 o [Fe™ ]
Fe’' /Fe n [F€2+]

5’08 =0,771V

E=0,771+0,0592log

, 26




Xay dung duong cong chuén dé thé cda 100,0 mL dd Fe*2
0,100M vé&i 10,0mL; 50,0mL; 100mL, 200,0mL dd Ce*4
0,100M trong moi trirong acid HNO.

Phan (rng chuan do: Fe*' +Ce*™ &= Ce’ + Fe’*
< Thém V =100,0 mL Ce** V_.M_. =V_.M_.
— diém twong dwong
# mmol Ce** thém vao = 0,100M x 100,0 mL = 10,0 mmol
# mmol Fe3* & cb =10,0-x~ 10,0
# mmol Fe?* & cb = x
# mmol Ce3* & cb =10,0-x~ 10,0
# mmol Ce** & cb = x
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X4y dung dwong cong chuén do thé cda 100,0 mL dd Fe*?
0,700M v&i 10,0mL; 50,0mL; 100mL, 200,0mL dd Ce**
0,100M trong méi truong acid HNO,.

Phan ¢ng chudn do:  Fe*" +Ce* =2 Ce’" + Fe’”
% Thém V=100,0mL Ce** V..M . =V_.M_.

Ce4+

— diém twong dwong EF&*/F&* = Eca**/c&*

0,0592  [Fe™] 0,0592  [Ce*]
0 3+ o 2+ : 10 = 0 44 3 : 10
Fe’" /Fe n g [Fe2+] Ce™'/Ce n g [Ce3+]
0,0592 [Fe*][Ce*]
0 0 _ > _
Er e ~Bgescan === 108 et o = ~0,0592log K,

K, =1,7x10"
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Xéy dung duong cong chuén dé thé cda 100,0 mL dd Fe*2
0,700M v&i 10,0mL; 50,0mL; 100mL, 200,0mL dd Ce**
0,100M trong moéi trirong acid HNO,.

Phan (rng chuan d6: Fe*" +Ce"™ &= Ce’ + Fe’*
< Thém V =100,0 mL Ce** V_.M_. =V_.M_.

— diém twong duong El:e3+ e = E PR

[Fe’ 1[Ce’"] _(10,0)(10,0)
[Fe®" 1[Ce™'] (X)(x)

X =7,7x10" mmol Fe** = mmol Ce*

K, =1,7x10" =

E=E’. . +0,0592log[Fe’ ]/[Fe’" =

=0,771+0,059210g(10,0/7,7x107) = 1,19V
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X4y dung dwong cong chuén do thé cda 100,0 mL dd Fe*?
0,700M v&i 10,0mL; 50,0mL; 100mL, 200,0mL dd Ce**
0,100M trong méi truong acid HNO,.

Phan ¢ng chudn do:  Fe*" +Ce* =2 Ce’" + Fe’”
% Thém V=100,0 mL Ce** V.M _, =V_.M_

C4+

— diém twong dwong E = EF et = Eca”/cé*

3+
E,=E', . +0, 059210g[Fe ]
[Fe®'

4+

E, =E°, . +0, 059210g[Ce ]
Ce™ /Ce [CC ]

0 [Fe%][Ce“]
2B, =(E', . +E’. ..)—0,0592log FCeT]




Xay dung duong cong chuén dé thé cda 100,0 mL dd Fe*2
0,100M vé&i 10,0mL; 50,0mL; 100mL, 200,0mL dd Ce*4
0,100M trong moi trirong acid HNO.

Phan (rng chuan do: Fe*' +Ce*™ &= Ce’ + Fe’*
% Thém V =100,0 mL Ce** V_.M_. =V_, M_.

— diém twong dwong E = EFe“/FeZ* = ECe4+/Ce3+

)—0,0592 logw
[Fe™ Il

0 0
2E, =(E +E', R

Fe** /Fe?* /ce™t

Taicb [Fe3+]:[Ce4+] & [C63+]:[Fez+]

1
ECb - E(Elge%/Fez+ + ]EOCe‘H/Ce3+ ) - 1’ 1 9V
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X4y dung dwong cong chuén do thé cda 100,0 mL dd Fe*?
0,700M v&i 10,0mL; 50,0mL; 100mL, 200,0mL dd Ce**
0,100M trong méi trwong acid HNO,.

Phan ng chuén do:  Fe?' + Ce* = Ce™ + Fe™'
% Thém V =200,0 mL Ce** V,.M_. <V_.M_.

# mmol Ce#* thém vao = 0,100M x 200,0 mL = 20.0 mmol
# mmol Ce** dvw = 20,0 -(0,1700 M x 100,0 mL) = 10,0 mmol

# mmol Ce3*tao thanh = 10,0 mmol

0,0592 [Ce"']
E=E 4o T 10 +
Ce™" /Ce n g[Ce3 ]
E=1,61+0,0592log 10,0 =1,61V
10,0 32
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1.4 — K-
1.3 —
12—
W 1.1
— Equivalence point
o 1.0 |— al : : —e
% (inflection point)
© 0.9 —
E N
= ’ = E° (Fe®* | Fe®")
s
=
5]
S
o

0O 10 20 30 40 50 60 70
Voea+ (ML) 33

Tinh thé tai diém tuong duong cta qué trinh chuan dé
100,0 mL dd Fe*? trong dd H,SO, 0,500M bang 100,0 mL
dd MnQO, 0,0200 M.

Phan (rng chuan do:

5Fe*” + MnO;, +8H" & 5Fe’” + Mn*" +4H,0
0
Bl v =077V

E’ =1,51vV

Mn?*/MnO;
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8. Cach nhan ra diém twong dwong trong pp Oxy héa khiv

% Ty chi thi

Chuyén mau do dung dich gay ra do lwong dw cia dd chuén

Vi du: Chuan d6 KMnO,, (mau tim)

«» Chi thj ho tinh bt

Vi du: Chuén d6 lod, ho tinh bot tao phirc véi l, > xanh dam

% Chi thj oxy héa khtr

Chét c6 mau thay dbi tuy thudc vao thé oxy héa khir
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{:"Table 16-2| Redox indicators
Color

Indicator Oxidized Reduced E°
Phenosafranine Red Colorless 0.28
Indigo tetrasulfonate Blue Colorless 0.36
Methylene blue Blue Colorless 0.53
Diphenylamine Violet Colorless 0.75
4'-Ethoxy-2,4-diaminoazobenzene Yellow Red 0.76
Diphenylamine sulfonic acid Red-violet Colorless 0.85
Diphenylbenzidine sulfonic acid Violet Colorless 0.87
Tris(2.2"-bipyridine)iron Pale blue Red 1.120
Tris(1,10-phenanthroline)iron (ferroin) Pale blue Red 1.147
Tris(5-nitro-1,10-phenanthroline)iron Pale blue Red-violet 1.25
Tris(2,2'-bipyridine)ruthenium Pale blue Yellow 1.29
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