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Electrochemistry
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wihovesszy Iiuiugasmd (coulomb : C) &
1C = 2.998x 10 esu (electrostatic units)
1 F (Faraday) = 96,487 C

= 1 mole of electrons
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3wAA 1C = 2.998x10° esu

=(1.602 x 10”c ) X (2_998)0_09?)

= 4.803x 10 "’ esu
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Positive charge

3x1.602x10"
4.806x 10" C
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Eﬂﬂl‘ﬂui #2721 1.36 U (min) NN aamj(C)

350a  1.36 minis (1.36 m1n)(60 ) 81.6 sec
min
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1.80 amp = 1.80 /Sec

For 1.80 amp flowing for 81.6 sec , the charge

transferred is (1_80C] (81.6sec) = 147C
sec
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2.12x1

Charge transferred per second

[2.12>(1o16 dlectrons ec"onsj [1.60x1019 _c )
Sec

electron

339x10° ©
sec

3.39x10° amp.
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(1.60x107° C)(1.27 x10%)
(60 sex)

3.39x 10° amp
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NIZUH (Current) = 80.0 microamp

80.0x 10° amp
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96,500C / faraday

7.16 x 10° Faraday
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Anode (oxidation) : 2 Cl(aq) —> CL,(g) + 2¢
Cathode (reduction) :

2H,0(1) + 2e — H,(g) + 20H (aq)
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2 Cl(ag) —> Cl(g) +

2 mole electron ﬂzgfﬂﬂ%}
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@9 1 mole Cl,
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(0.015 mole ofClz)( 2faradays J

1moleof Cl,

0.030 Faraday
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2H,0(1) + @ H,(g) + 20H (aq)

2 mole electron 3@ 14T Tl
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(0.015 mole of H,)| _2f&80YS | _ ( 030 faraday
1moleof H,
(0.030 Faraday)| 96500 C = 2900 C
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gariunszua i 0.010 amp = 0.010 Crsec
2900C
0.010C / sec
= 29x10° sec
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3BAA 0.010 amp for 1 hour is

(0.0103] (60”"”] (60§fj - 36C
Sec hour min

36C =
C
faraday

37x 10" faraday

96,500
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= 2 mole electrons
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aa1iualsuna1nh 3.7 x 107 Faradays 9214 Zn

1moleof ZnJ

= (37x10" Faradays)
2 Faradays

1.8x 10" mole of Zn

(1.8 x 10” mole of Zn )(65.37Lj
mole

= 0012 ¢
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= 2x96,500 C
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(1.84x 10" F)
2F

1moleof HZJ

9.20 x 10” mole of H,
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6H,0 —> 0, + 4H,0" + 4 WU uAAuAae0NFY

a

¥ 36.6 cm’ NANWAY 743 Torr NYWUNYI 25 °C
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0.0821——— |(273.15+ 25)K
K.mole

atmj(36.6x10‘3dm3)

1.41 x 10° mole of O,

0,+4H,0 | +4¢
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1ulya HO' = 4mole O,

NNAUMT : 6H,0 —>

= 4x141x10°

= 5.64x10°
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1.00gof Zn \( 2Faradays
65.37 g/mole ) \ 1mol of Zn

0.0306

Faraday
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Cl=35.453)
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Cli@ + —> 2CI(aq)
4 )

1 mole CI, 2 mole electron
=2x35453 | = 2F
=70.906 g = 2x96,500 C
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iheonun = | 100gof Cl, | 2Faradays
70.906 g/mole | | 1moleof Cl,

0.0282  Faraday
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unaudin1¥ail Zn(s) + Cl(g) —> Zn"(aq) +
2Cl(aq) 01 19zn 1170 1.50 N3y vzdeeldian
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Zn(s) —> Zn2+(aq) + 2¢
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1 mole Zn 2 mole electron
= 6537¢g = 2 Faraday
1.50gof Zn 0.0229 mol of Zn

65.37g/ mol

Y [ a Sy
m9iu lanInermans Ui 9¢1): 2552

80

0.0458

(0.0229 mol of Zn) [mad@’sj

Imol of Zn

(0.0458 Faraday)| 96500 C | = 4420 C
Faraday

The desired current is 0.10 amp, or 0.10 C/sec

( 4420C

_AOL ) = 44x10° sec
0.10 C/sec

Frohadi 14 Tunvamesazaylifhuuuagia
ﬂf]ﬁ‘?mﬁuaiumﬂuﬁqf; Pb(s) + HSO, + H,0
—> PbSO,(s) + H,0 +2¢ wuAmeILT L
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nszua’lilih 100 amp @0 1 #1119 3o lamp @0
100 2T v iiue Tuavzdesldazia (Pb) 7
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IBAa 1 ampere for 100 hours is

(1(:](100 hours)(eso m'”j(eo S?CJ
Sec hour min

= 36x100  C
360,000C
96,500 C/Faraday
= 3.73 Faradays
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flashlight cell 1¥nsziaooni 4.6 Haaueuulls
(milliamp) 9zA041H1921A3u# dusudu Mno,

11N 3.50 NTN (WIALABNVDY O = 15.9994 , Mn

54.9380)
35Aa 1 mole of MnO,

= 549380+ (2x15.9994) =

86.94 g

0.0403 mole

86.94 g/mole

2MnO,(s) + an* ZnMn,0 (s)
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2 mole electron = 2 F
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(0.0403 mole of MnO,) (

96,500C (0.0046C]
Faraday Sec

2 Faradays
2molesof MnO,

8.5x 10 sec (which is about 10 days)
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Cu2+(aq) +¢ —> Cu'(aq) E'=+0.15V
2H'(aq) +2¢ — H,(g) E'= 000V
Cul(s) + e —> Cu(s) +I(aq) E =-017V
Zn2+(aq) +2e — Zn(s) E'=-076V
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Zn|zn® (1M)||[F(1M)|Cul|Cu

I5Aa
Oxidation : Zn(s) —> Zn2+(aq) +2e E]O = +0.76 V
Reduction : Cul(s) + e —> Cu(s) + I (aq)

E, =-017V

Redox reaction :
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2Cul(s) + Zn(s) —> Zn2+(aq) +2Cu(s) + 21 (aq)

E'wourad = E +E'
- 4076-0.17 V
— 4059V
13 lHgaT .. E'y = Elanee © e
— -0.17—(-0.76)
— 4059 V

aNMIVBUHUAN (Nernst’s Equation)
0 0.0592
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E E

log K

cell
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Ecell
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0 v o s
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= 4
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K = ananauga
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PY{H,(0.50 atm)|H'(0.10 M)||Mn0, (0.10 M), Mn* (1.0 M), H'(0.10 M)|Pt
4
fvua B Taail

0

2H (aq) + 2¢ —> H,(g) E = 000V

MnO, (aq) + 8H (aq) + 5¢ —> Mn2+(aq) +4H,0(1)

0

E = 151V

3508@ The half-reactions are combined as follows :

0

(1)  5H,—> 10H + 10¢ E = 000V

(2) 16H' +2MnO, + 10e —> 2Mn’" + 8H,0

0

E = 151V

6H' +2MnO, + 5H, —> 2Mn’" + 8H,0

0

E

(1) +Q)
=+151V

cell
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Ecell = Eocell- Oor?gz logK
0.0592 Mn?**]?.[H,0]®
- Eocell- log [+ ! ] [ z ]5
n [H™]” [MnO,]" . Ry,
= 4151 - 00592,

@’
10 (0.10)°(0.10)*(0.50)°
= +1.51 - (5.92x 10) log (3.2 x 10")
= +1.51 - (5.92x 107) (9.505)
= +1.45 Volt
) VoA o Yy v 4 A
fIvE1IN 18 AUIUMIANMVVUUYOI Sn”
agluenyazaiwny 1.00 M Sn” ion  tiiornae
o £ 4 = 24 a 4
funawaa lalasiou &3 Sn” vzgneond lad
A 4+ Aa o y = o
n3e sn’ azgnIAEMeldan1iz@eInulazy
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Sn4+(aq) +2¢ —> Sn2+(aq) E'=+013V
2H'(aq) +2¢ —> H,(g) E'= 000V
I5Aa
Oxidation : H,(g) —> 2H (aq) +2¢ E’ = 0.00V

+

Reduction : Sn4+(aq) +2¢ —> Sn2+(aq) E, =+0.13V
-

Redox :
Sn4+(aq) +H,(g) = Sn2+(aq) +2H'(aq) E', =013V
NNAUMIUDITIUAT
0.0592
Ecell = Eocell - IOgK
2+ +72
Ecell = Eocell- 00592 log [Sn ][H ]
n [Sn*][H,]
2
0 =013- 0.0592 log Q)
2 [Sn*](2)
0 = 0.13- 0.0592 log 1
2 [Sn4+]
log L - (2)0.13) 44
[Sn*] (0.0592)
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log [Sn"] = -44 ila antilog

3218 [sn'] = 4x10° M
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AG, . =

P, T

-nFE (D)
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aaa -4
Tulgnsensaend
Y] 4
E = Andlilihvesad
1 A s s
F = Ananvearsuad = 96,500 gaouil
1 E > 0 udr Ag,, < 0 Ugnselu
o’t:y a d?’ Y .
FARTLINAY DI 1A (spontaneous reaction)
A E < 0,AG,, > 0 Ufisen
P4
[ J a aaa
dounauluzadezinatuesld wielgnsely
9) y ¢ a &£ Ty v
d19vivevigaainaduied i lduazdl
E = AG,, = 0 sulivuandouname?)
aaa o’dy 1
Ugnservevtgaatazidigninzanqga

(equilibrium) Tugnzmasgivez1d

AG’, . =

P, T

- nFE’ .. (2

ANNZINATTIUGUNAN 25 'C HT0 298K

M08 19 ANt uved Fe® uag Fe

mnuezdeald [Ag] Dluareans 9zl
J a A a I~
iraaunaIinnavIn Ag'|Ag ag Fe' |Fe™ 1iu
4 aaa o @ J
Aud Ugnsentluaai
2+ + — 3+
Fe' (aq) + Ag(aqg) =~— Fe (aq) + Ag(s)
o U d‘ aaa dyt:; 0
tagMuramanInaugavedlgniedin 25 'c
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Ag +e —> Ag E = 0799V




Fe'+e > Fe  E'= 0771V

ada aaa
IwAa 1NN

Fe%(aq) + Ag+(aq) —— F63+(aq) + Ag(s)

wnunmiadiiludall | pifre|Fe”||Ag |Ag

. o 0 0
- B = EAg*\Ag EFe3+\Fe2*

= +0.79 - 0771 V

= 40028 V
NAUMITVDUTUAN
o 0.0592 3
Ecell = E cell_ log( [zlfe ] - J
n [Fe” ][AQ"]
0 = 0028-20992,,, 1
1 [Ag’]
0 = 0.028+0.0592 log[Ag]
- 0.028
log [Ag ] _
0.0592
= -047

11l@ antilog wld [Ag] = 0.34 mol.dm”

- nFE’
AG°
2.303RT
nFE®°
2.303RT
nE®°
0.0592
0.028
0.0592

= 0.47

MNGAT AG’

log K

K = _[FT  _ 3
[Fe* ][Ag’]

fedafi 20 WA As’ vewljnse

2ONFIAFUVDL 1.00 mol Zn 11 1.00 M Zn" uag

a

1.00 M Cu”" 1u Daniell cell Ngungi 298 K

U

UN301A0 | Zn(s) + Cu’ (aq) —> Cu(s) + Zn’ (aq)
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Zn’'(aq) + 2¢ —> Zn(s) E' =-076V
Cu”'(ag) +2¢ —> Cu(aq) E = +0.34V
AH’, .. = -3634 kealmol’
AH’ = +1539 kcal.mol’

reactant

adaAa SA
A5AA  LULNUNTNLEADAND
Zn(s) | Zn2+(aq)| | Cu2+(aq)| Cu(s)
0 _ =0 =1t
B = ECuZ*\cU EZnZ*\Zn

= +034-(-0.76) V

= +1.10 A\
NNGAT AG' =  -EF
= -(1.10) (2) (96500
= -212 kJ
NNYAT
AH = AR’ - AH’
product reactant
= - (36.34 kcal/mol) - (15.39 kcal/mol)
= -51.73 kcal
= -216 kJ
NNGAT AG' = AH'-TAS
CAs? - -216-(-212)
298
_ -4000J
298K
= -13 JK'
Yy a
PNA1ID1304
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