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Electrochemical Cells

1. Galvanic cells

2. Electrolytic cells

Electrolytic cell

Electric Energy o. Chemical Energy

Galvanic cell
) VE




The ANODE...

The CATHODE...

Supplies electrons to external
circuit (wire)

Accepts electrons from external
circuit (wire)

Is negative pole of battery

Is positive pole of battery

Is site of OXIDATION

Is site of REDUCTION

Is written on left- hand side if
convention is followed

Is written on right-hand side if
convention is followed

Is half-cell with lowest electrode
potential

Is half-cell with highest electrode
potential
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Origin of Electromotive Force or Cell Potential

Voltmeter
T/—“—ﬁy\
Cell potential is the potential ‘Anode CathodeTH()
zn () sivbriage ™ | )
difference between anode and B B [ [1atm
cathode and is called: Pt wire
Pt —®0
*Cell potential or emf (electromotive 1M Zn2+ 1M H*

f
orce) Zn/Zn*2 (1 M)/[H* (1 M)/H,, (1atm), Pt

(- y




Suppose that we have a Daniel
cell of potential 1.1 V In the
standard conditions.

The standard potential of the
two half-cell is:

Cu?t (aq) + 2e- > Cu E°=0.337V

Zn?* (aq) + 2e- > Zn E° =-0.7628 V

The experiment showed that zinc dissolves while copper
deposited from solution
The measured cell potential is called reduction potential:
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* The reduction potential of the cell is the difference between the

reduction potential of the cathode and the reduction potential of
the anode

— [Fo - o
E(:eII =E Right E Left

— o 0
EceII E cathode ~ -E anode

Eo_, = 0.337- (-0.7628) = 1.1 \olt

« The question Is wheatear the reduction potentials are affected by
the concentration of the species?

* In the non-standard condition the cell potential is

Ec:eII = Erev, C_Erev, a
_ o RT 8o,
E. =E°+ ZFIPaR (Nernestgn)
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« For a spontaneous reaction that leads to obtain electricity
form a galvanic cell E = +ve

Cu?t (aq) + 2e- > Cu E°=0.337V
Zn?* (aq) + 2e- > Zn E° =-0.7628 V

Cu?* (agq) +Zn - Cu + Zn?* (aq) E..; = 1.0998 V

cell —

« If E. has a negative value this means that the reaction IS
not spontaneous and it need a potential of 1.1 V from
external source to force the chemical reaction to occur

Cu + Zn?* (aq) 2 Cu?* (aq) +Zn E_,; =-1.0998 V

(-
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Standard electrode potential

 When a piece of a metal is immersed in a solution of its ions, atoms will transfer to
solution as positive ions leaving electrons on the metal under dissolution pressure.

* lons in the solution tend to deposit on the metal surface under Osmotic pressure.
M—->M™+ne lonizatiofoxidatigprocess

M™+ne ->M Depositigneductigproces
M™ +ne =M E° Reversibkotentie
« At beginning the electric dissolution pressure is much higher than the osmotic
pressure.
« With increasing time the dissolution pressure decreases and the osmotic pressure
increases till they equal each other and then the electrode is said to be at
equilibrium.

» Electric dissolution and osmotic pressures depend on the nature of the metal.
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For zinc electric dissolution pressure > Osmotic
pressure, zinc is charged negatively while the

solution is charged positively.

For copper electric dissolution pressure < Osmotic
pressure, copper is charged positively while solution

IS charged negatively.

ZnS04
Solution ;

- -
- -
- -
- -

CuSOa
Solution
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Standard conditions are:

« Concentrationis 1 M

« Temperature is 25°C

 Pressureof agasisl
atm.

Reference electrode is
hydrogen electrode

* [HT](1 M)

 H, (1atm)

Anode (oxidation):

Standard red

uction Potentials

Voltmeter

€r

Zn ‘

il Salt bridge

| M ZnSO, | MHCI

Zinc electrode

2z

d

Hydrogen electrode

<— H, gasat | atm

Pt electrode

Zn (s) | Zn?* (A M) || H* (1 M) | H, (1 atm) | Pt (s)
Zn ()™ Zn%* (1 M) + 2e-
Cathode (reduction): 2e- + 2H* (1 M)—/— H, (1 atm)

Zn (s) + 2H* (1 M) —— Zn?* + H, (1 atm
@ (s) (1 M) 2 ( )

/
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E0,=0.76 V

Standard emf (EZ)

Eden = E¢

-EQ

cathode ~ ~=anode

Voltmeter
e- e
‘ <«— H, gasat | atm
ii Salt bridge
ll E Pt electrode
1 M ZnSO, 1 M HCI
Zinc electrode Hydrogen electrode

Zn (s) | Zn?* (A M) || H* (1 M) | H, (1 atm) | Pt (s)

0 —FO0 0
Ecell - EH7H2 B EZn2+/Zn

0.76 V=0 - Egan’/Zn
Egn2+/zn — '076 V

Zn2* (LM) + 26— Zn E°=-0.76 V

(-
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E%=0.34V

Vol O=E2 - EQ

oltmeter € ECE” — Ecathode Eanode
e- =
™~

— ] 0 —FEO — EQ

Ecen = ECuzcu EH+/H2
Cu

H, gas at 1 atm —>

Pt electrode

1 M HCI

Hydrogen electrode

Salt bridge

0.34 = EQ 2+, - O
EQ /e, = 0.34 V

= |
*

Copper electrode

Pt(s) | H, (1 atm) | H* (1 M) || Cu?* (1 M) | Cu (s)

Anode (oxidation):

H, (1 atm) — 2H* (1 M) + 2e-

Cathode (reduction): 2e- + Cu?* (1 M)—/—Cu (s)

H, (1 atm) + Cu2* (1 M) —— Cu (s) + 2H* (1 M)

o
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Reference electrode

® Has a constant and known potential

® Non-polarizable electrodes

Types

® Primary reference electrodes

® Secondary reference Electrodes
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Standard Hydrogen Electrode

—Electrode
Primary reference electrode connection
. H2 H2
Electrode reaction \\\;{JL‘/R/’ -
2H" + 2¢ =H, brildge
Halt-cell: /___J[]
— >
P, H, | HF (1.0M) | | -
1
E° = zero
Disadvantages of the electrode [
1. Difficult to be used regularly since we Bl W | otinum
" plate
should keep the gas pressure constant at 1 \\
atm during experiments. N e

2. It is needed to plate the platinum electrode
periodically with black platinum

(-,




a Seondary Reference Electrodes

Calomel electrode

Hg|Hg,Cl, (sat'd), KCl(a = x M)...

KCI

E volt

Saturated

0.241

Electrical
lead

M

0.280

0.1 M

0.334

Inner ube containing a
pasie of Hg, HeaCls,

and satarated KCl o

The electrode potential shifts to more negative value
with increasing chloride ion concentration

EZS:EO N %qogﬁgz] \ﬁz Small hole ﬂwl

Hg/Hg
HgClL <Hg? +2CF

K,=[Hg? ] [CFP =[Hg? ]= %

Ey= E

Hg/Hg

0059|09|§p

E,.= — 0.05%g(1"]

Hg/Hg

Saturated KCI

—
Frited disk
(0r a porous

fiber) glecu

9 %%0gpr?
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Silver/Silver Chloride reference electrode

Electrode reaction I/mmmm
Agt + e = A(°
Half-cell
Ag/AgCl, saturated KCI || eyl ]iﬂ"’"““""‘“
or 1.0 N KCI || s
or 01 N KCI ” r/i::li:a?;:m
1
E =E° - 0.0590
TAg] g
AgClk=Ag +CF N —
K,=[Ag 1[CH] b

E,.= E° +005d0g Kp— 00590g0I] il it
E,.=E°\ —0.0590g0]

-
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Electromotive series:

 Reduction reactions of the calf-
cells are arranged according to
their standard reduction
potentials.

 The reactions on the bottom of
the series has negative
potentials.

 The reactions on the top of the
series has positive potentials.

« For a cell consists of two half-
cell reactions, the half-cell of
more potential value will act as
oxidant and will be reduced, i.e.
will be cathode.

 The other half-cell reaction that
of less potential value will act as
reductant and will be oxidized,
l.e. act as anode.

Standard Reduction Potentials at 25°C*

Half-Reaction E*(V)
A Fulg) + 26~ — 2F (ag) 4287
Ou(g) + 20" (ag) + 26— Oyz) + 11,0 +207
Co' (ag) + ¢ —— Co* ' (ay) +1.82
H:04ag) + 20" (ag) + 2¢” — 2H0 +1.77
PROLs) + 41 (ag) + SO (ag) 4 2¢™ = PHSO,() 4+ 20,0 41,70
Ce'*(ag) + ¢~ — Ce"*(ay) +1.61
MO (ag) + SH () + S¢™ — Mn® " (ag) + 41,0 +1.51
Au't(ag) 4 3¢ s Auls) +1.50
Clylg) + 26~ — 2C1"(aq) +1.36
Cr;05 (ag) + 140" (ag) + 67— 2Cr" "(ag) + N0 +1.33
MBOL(s) + 4H " (ag) + 26 ——a Mn®*(ag) + 21,0 +1.23
Oyg) + 41 (ag) + de™ — 21,0 +1.23
B + 2¢7 — 2Br () +1.07
NOT(ag) + A" (@) + X¢™ —s NOXg) + 2H,0 4+0.96
22U (ag) 4 2™ —e Hgi*(ag) 4092
Hgi ' (ag) + 2e™ — 2Hgth +0.88
AgT(ag) + € ——s Agly) +0.80
Fe'*(ag) + ¢ —e Fe' *(ag) +0.77
Os(2) + 20 (ag) + 267 — H,0(up) +0.68
MO (ag) + 2HO + X7 e MnOs) + 20H (ay) +059
g 14s) + 2™ e 21" (ayg) 4053 F
F00) + M0 + de” —s 40U (ag) +0.40 E
8 Cu™"(ayg) + 2¢7 — Culs) +0.34 ’c';'
?': t}g?!(n) +e o= Agis) *_0 m.;_) +0.22 3
Z SO (ag) + 4H (ay) + 27— SO ) + 2H0 +0.20 g
4 Cu't(ayg) + e —Cu'uy) +0.15 4
£ Sn'*(aq) + 2™ e Sn¥*(ag) +013  E
E 2H (ag) + 2¢” —Hyig) 0w £
2Pt (ag) + 26" — PIXS) -0y 2
s? Sa**(ag) + 2™ ——s Snis) -013 £
8 N “(ag) + 2¢” —— Ni(s) -0.25 54
g Co™(ay) + 2 — Cols) -028 %
T PRSOL(s) + 267 e PRx) + SO (ag) -031 =
C8*(ag) + 2¢™ — Cdy) -0.40

Fe' "(ug) # 267 —s Fetr) -0.44
Cr'*(ag) + X~ ——a Cr(s) -0,74
70" *(ag) + 2e” ——Znls) -0.76
2H,0 + 2¢7 — Hy(g) + 200 (ug) -053
M0 (ayg) + 267 —— Mnis) -1.18
Al (ag) + ™ s AKs) -1.66
Be' '(ag) + 2¢ ——s Bels) -1.85
Ma™ " (ag) + 27— Mg(s) =237
Na®(ag) + ¢ ——s Nals) =27
Ca**(ag) + 2¢™ ——s Cals) -2587
SE M ag) + 267 — Stiy) -2389
Ba**(ag) + 2™ ——s Bals) =290
K*(ag) + ¢~ — K(3) =293
Li*(ag) + ¢ —— Lity) -305
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What is the standard potential of a cell consists of Cd

and Cr electrodes immersed in solutions of their ions
of concentrations 1 M.

Cd?* (ag) + 2e-—— Cd (s) E®=-0.40 V Cdis the stronger oxidizer
Cr3+ (aq) + 3e- —— Cr (S) Eo =074V Cd will oxidize Cr

Anode (oxidation): Cr(s)—/Cr3* (1 M) + X 2
Cathode (reduction): + Cd>* (1 M)—/8—Cd (s) x3

2Cr (s) + 3Cd?* (1 M) —— 3Cd (s) + 2Cr3* (1 M)

EceII Ecathode Eanode
E(C:)ell = -0.40 — ('074)
EQ, =0.34V
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Ex: Can you construct a galvanic cell from the

following reactions?

Answer
A)

-,

A) Sn?*+ Cu = Sn + Cu?*
B) 3Cu2*+ 2Al > 3Cu + 2A3*

E°Cu*?/Cu =0.337 V
E° Sn2*/Sn =-0.136 V
ECAI3*/Al = -1.662 V

Cu = Cu ¢+ 2e-
Sn?* + 2e- = Sn

Sn?t +Cu = Sn + Cu?t

— o _ [Eo
EceII =E cathode E anode

E.=-0.136 - 0.337 = -0.463 Volt

cell —
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This means that the reaction will not occur spontaneously in a
galvanic cell and no current will be obtained. For this reaction to
occur it iIs needed to apply a potential of 0.46 V from outside
source in electrochemical cell.

B)
2A1> 2Al 3+ 6e

3Cu?t + 6e- - 3Cu

3Cu?* +2Al - 3Cu + 2AIF*
E.. = E° E°

cell — cathode ~ anode

E = EOCu - EOAI

cell —

E. = 0.337-(-1.662) = 1.999 Volt

cell —

The reaction is spontaneous and the cell is galvanic cell

-, y




/Liquid Junction Potential Juasy 4~ Jase

For correct calculations the cell potential is:
Eoi=E —E +E

*  Where E; is the liquid junction potential
« Junction potential may have positive or negative values.

 It's origin arises from the contact of the solutions of two different
concentration or composition of the two electrodes, working electrode
and reference electrode, in the porous membrane.

« Suppose that we have two solutions separated with a porous membrane,
the solution of the reference electrode is of concentration of 0.01 M and
the solution of the working electrode have a concentration of 0.1 M

0.0IM HC




H+
0.1 M HCI 0.01 M HCI
CI-

(a)

—1+
-1+
0.1 M HCI —1|+ 0.01 M HCI
-+
-1+

ZEAN

Excess of ClI™ Excess of H*

Hydrogen and chloride ions will move from the concentrated to the
diluted solutions through the porous membrane

Since the diffusion velocity of hydrogen ion is much greater than that of
chloride ions then the diluted solution will charged positively while the
concentrated solution will charged negatively and liquid junction
potential will be formed and will have a value of -40 mV.

Liquid junction potential could be minimized by using a salt bridge
contains a salt of two ions have equal diffusion velocities as KCI
>




Evolution of hydrogen from molar acidic solutions

« Metals lie after hydrogen in the electromotive force series , l.e. have negative
potential values, can replace hydrogen ions and evolve hydrogen gas.

Zn (s) | Zn?* (A M) || H* (1 M) | H, (1 atm) | Pt (s)
Eei = ESum, - Ezrz
0.76 V=0 --0.76
Zn+H* (1 M) ——2zZn*?+H, E%, =0.76 V

The tendency to replace hydrogen ion decreases as the potential value increases,
l.e. shifts to less negative value.

Metals lie before hydrogen in the electromotive force series, has positive potential
values, cannot replace hydrogen from standard acidic solutions.

-,




Thermodynamic of Galvanic Cells

Change in the Gibbs free energy, AG, gives an indication
weather the reaction is spontaneous, nonspontaneous or at
equilibrium.

AG <0 :Spontaneous reaction
AG >0 :Non-spontaneous reaction
AG =0 :equilibrium

AG =W :

max
W Is the maximum work

max

{
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& Change in free energy, cell potential and rate constant are
related via the following equations:

AG =-nFE,,, n=number of moles of electrons in reaction

J (Joul)
AGO = -nFE?° = —

AGP = -RT In K = -nFE?

cell

RT . _ (8.314'3/Kmal)(298°K)

0 = |nK = n K
Ecel = TF n (96,500 3V-mol)
0.0257 V
Ecai = n In K

AG® = —=RTInK

\, )




\ What is the rate constant of the following reaction at room\
temperature?

Fe2* (aq) + 2Ag (s) ——Fe (s) + 2Ag* (aq)

0.0257V
Ecui = n In K

Oxidation: 2Ag — 2AQ" +
Reduction: + Fe2t —— Fe
E° = EIg)ez”/Fe - E,g)\g*/Ag

E0 =-0.44 — (0.80)

EC=-1.24V

rEceiXn 5 [L24x2 Non- | —ve | tve | small
k :e 0.025¥ :e 0.025Y spontaneous

k — 1 2 30_ 0—42 Equilibrium 0 0 1
-,

Spontaneous +ve | -Ve large




For the following reaction
A+B—~C+D ;
Jase
AG=AG°+RTLNnQ
__SGc9p
Q Aa-3g
AG =W O La
AG — Wele Wele: 'n FE
S Jadd o W, Saa
AG=-2FE & e
A G° = -zFE° ) .
il GLA sgadt ga B0 L




-ZzFE = -zFE? + RT In (Q)

RT
E=E°- = n@Q Nernst equation
8.314 x 298T
E = EO- In (Q) At 298 K
Z X 96500
- EO- 0.022567 In (Q)

At standard conditions i.e. when the activity of ions is unity.

Q=1
INQ=0
. E=E°




/Effect of concentration on the electrode potential I

At non standard conditions, when a#l

A M*2 +2e— M
Q= =]

a,.. c_po_002567 1
INQ=0 L

E_po_ 002567 1 _, 002567,
S.EBE=E° Z 10 Z '
002567 1 0.0256
0.02567 —E° — — o _
L fn 2 =g 2920003

By increasing metal ion concentration, the equilibrium shifts to right side of the
reaction and the potential will shift to less negative or more positive value, i.e.

InCreases.

By decreasing metal ion concentration, the equilibrium shifts to left side of the

reaction and the potential will shift to more negative or less positive value, .2.

@Creases. /
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Example:

Zn?* (a=0.1) | zn

Calculate the potential of the following half-cell:

From the electrochemical series:
Zn?*(a=0.1) +2e — Zn

E®=-0.7628 V

E—E°—

002567 1

2

002567, 1

01

E=—0.7628-
E=-0.7923

2 01




(|
temperature?

[Fe2*] = 0.60 M and [Cd2*] = 0.010 M?
Fe?* (aq) + Cd (s) —_—_Fe (s) + Cd?* (ag)

s the following reaction occurs spontaneously at room

™~

Oxidation: Cd — Cd2* +@

n=2
Reduction: + Fe2z+—— Fe

0—-—FE0 I =)
E° = EFe2+/Fe ECd2+/Cd

0—=_ — (-
E 0.44 — (-0.40) E=Eo. 0.02nS7 V n o
EC=-0.04V
_ 0.0257 0.010
E= -0.04 - > In 0.60
E =0.013
E>O0 Spontaneous
L
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Reaction of metals with water

« Some metals with negative potential values can replace hydrogen ions
and evolve hydrogen gas from water while others with negative
potential values cannot depending on the value of the cell potential.

« Ex:Zn/Zn*? (IM)//H* (10" M)/H, (1 atm),Pt

n+2e<7Zn E°C=-076/
2H*(10"M)+2e <H, E° =0V

Zn2H (L0'M) =Zn2+H, E=2
o _ 0002567 1

2 107
00256¢ 1
E|—|+/H2 =0- 2 Tn10_7
EH+/H2 =-0.2

Ecell — Ec _Ea 2—02—(—076 =0.55%/
@ Zncando




. Ex: Sn/Sn*2 (IM)//H* (107 M)/H, (1 atm), Pt

SrH-2e < Sn? E° ——014/

2H 10'M)+2e=H, E° =0V

Sn +2H*(107M) <=Sn? +H,

» 00256
EI—|+/H2 = E 2 Tr\]_

£, . ~0- 0025%1
E|_|+/H2 __0-21

07

07

Sncanmotdo

E

Eei=E —-E=-021-(-014=-00V

N
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Reversible and irreversible cells

a) Reversible cells

Ex: Zn/Zn*? (IM)//Cu*? /Cu
In this cell when it act as a galvanic cell, Zn will dissolve in the Zn half-

cell while copper will deposit in the copper half-cell.

Zn=27Zn?+2e
Cu?+2e=Cu

ZH-Cu? =Zn?+Cu

If an equal amount of current is passes in the opposite direction of the
produced current, copper will dissolve in the copper half-cell and zinc
will deposit in the zinc half-cell

Zn?+2e=27n
Cu=Cu?+2e

Z1* +Cu=Zmn-Cu? e




™

/b) Irreversible cells

 Zn/H,SO, (aq)/Cu
In this cell when it act as a galvanic cell, Zn will dissolve in the Zn half-

cell while hydrogen gas will be evolved in the copper half-cell
n=7n*+2

H' +2e=H,

Zn2H* =72 +H,

If an equal amount of current passes in the opposite direction of the
produced current, copper will dissolve in the copper half-cell and zinc

will deposit in the zinc half-cell

Zn?+2e=27n
Cu=2Cu?+2e

Zn? +Cu=Zmn+Cu?
)

-,




e

Changes in Enthalby and Entropy

o~ ] AAG
AH =AG TPFJP

~ANG=—2FE
CAH — cE
S AH = zFE+zFT[gI_]P

L A—GJ =0 atconstant
F)

AT




e

From Gibbs — Helmholtz equation

AG| _
L EJ; AS
"AH =AG+TAS

o]
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Calculate the standard potential of the following cell at
80°C
Ag, AgCl |KCI| |KBr|Br,,Pt

:Jad)

2Ag+2ClI  — 2AgCl +

Br2+—>ZBr_ @

Br, + 2Ag +2Cl1 —2Br +2AqgCI

At 25°C, the standard potential of the cell is 0.8428 and we will
calculate it at 80°C as follows:

- e/
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Substance | AH®° ki mol? | S°J K1 mol* C,J Kt mol*
Br -121.55 82.4 -141.8
AgCl -127.07 96.11 50.74
Br2 0 152.32 75.69
Ag 0 42.55 25.35
cl -167.16 56.5 -136.4

AH° =—162.92kJ
AS° =6.69J K
ACS =—35611J K™




T, =298K, T,=353K
AH=AH +AG (T, —T))
CAS= AS.I.+ACP(—I_2 1)

-.AH°(353=-164878 kJ

,AS°(353=0.658I K™

s AG° =AH° —TAS®
S AG° =—-16511kJ
o o (0) __AGO

"B 2F

C.E°=0855 at35:
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Electrodes

Complicated

Reaction between ions in . Simple
solution réacuon reaction
Redox 2nd type electrodes 1st type electrodes
electrodes
@etal/ metal ion
Metal/ its sparingly
soluble salt Non metal/non
Metal/ its oxide metal anions
Gaseous
electrodes

Amalgam
electrodes
5 o
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I- 1St typt electrodes

1- metal/ metal ion
I\/Ie\Me—Z @ Electrode notation ms) |\/|+2||v|

2- non metal/ its anion

Se\Se—2
Electrode reaction

Me+ze”~ < Me™
Se+2e” < Se~?

Nernst equation

E=FE" 1= Ina,,. .
_ . RIT
E=E >E Ina, .

-

Cu*?|Cu
Electrode reaction
M*2+ze- <= M
Cu* +2e” < Cu
Nernst equation

™

E—pg-_RTjn_1
zF  ay ..

. RT 1
E=E = INn 2 .

o




™

\ 3-gaseous electrode
Pt, Xz‘x e === Electrode qotation—b X+Z| Xz’ Pt

Pt,Cl,|Cl- H*[H,,Pt
Electrode reaction Electrode reaction
X,+278" & 2X7F 22X 42z =X,
Cl, +2e- < 2CI-

2H" +2e < H,

Nernst equation _
Nernst equation

. RT (a . F RS Ay,
==E T " a, ETF o In(ax—xﬂ)7
. RT (a -)2 E=fg-—_1 In(—)jaHz

N )
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Amalgam electrode

Electrode notation

Electrode reaction

M*M,Hg
Cd*|Cd,Hg
M *? + ze~ < M(Hg)
Cd*2 +2e~ < Cd(Hg)

Nernst equation

E =g — R |p8w(Ho)
ZF - a,.

. R Acd (Hg)
E=E >E In A




Il. 2"d type electrodes A

| I
_ _ Metal/ its sparingly soluble
Metal/ its oxide salt electrode

electr|ode
As calomel electrode, Ag/AgCl,
| Hg/Hg,SO,. The metal is immersed in
OH‘SQQ,Sb a solution of the anions of its sparingly
soluble salt.
OH‘HgQHg Electrode notation SQﬂHgﬁQ, Hg
Electrode reaction HgSQ (S)+2€‘ QZHQ(I)"'SQZ(&@
- RT
Nernst equation E=E —=1Ina SQp2
2F
This electrode is sensitive to the sulphate ion concentration therefore
It iIs used to the determination of sulphate ion concentration

N 2§
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Metal / metal oxide electrode

1. stibium / stibium oxide (Antimony/Antimony oxide) electrode

Electrode notation

Electrode reaction

S30,0,(s) +3H,0+6e™ < 25h+60H ~(aq)

Nernst equation

This electrode is reversible to hydroxide ion concentration
so its potential depends on pH and is called indicator
electrode

- @/




2. Mercury / mercuric oxide electrode

Electrode notation

Electrode reaction

HgO(s)+ H,0 +2e~ & Hg + 20H ~(a0)

Nernst equation

Generally, this kind of electrodes is used as reference
electrodes in acidic and alkaline solutions.

o




AGn- =5 Inay, =Ink, -Ina,.

Ina,,- =InK,, — 2 303Iog a,,.

Ina,,- =InK,, +2.303(-log a,,. )

InaOH =InkK,, +2.3033H§
From Nernst equation E=FE RFT In Ao -

2. 30?RT

InKN— pH

This electrode is sensitive to the change in solution pH.

-




g lll. Redox electrodes

Electrode notation M + X ,M (X_Z)+‘Pt
Cu*,Cu*|Pt
Electrode reaction M + X + 706 6 M (X_Z)+
Cut+e< Cu?

Nernst equation E = FE° RT In Ay (x-2 )
A a

M+X




Electrochemistry 1
Part 4




/Reversible and irreversible cells A
a) Reversible cells

A Ex: Zn/Zn*2 (IM)//Cu*2 /Cu
A In this cell when it act as a galvanic cell, Zn will dissolve in the Zn half-

cell while copper will deposit in the copper half-cell.
ZnY Zri2+2e
Cu?+2Y Cu

Zn+-Cu2Y Zni2+Cu

A If an equal amount of current is passes in the opposite direction of the
produced current, copper will dissolve in the copper half-cell and zinc

will deposit in the zinc half-cell
12 +2eY Zn
CuY Cui?+2

Zi?+CuY Zn+Cu?
9




™

/b) Irreversible cells

A Zn/H,SO, (ag)/Cu
A In this cell when it act as a galvanic cell, Zn will dissolve in the Zn half-

cell while hydrogen gas will be evolved in the copper half-cell
ZnY Zré+2e
2H*+26Y H,

Zn2H'Y Zri2+H,

A If an equal amount of current passes in the opposite direction of the
produced current, copper will dissolve in the copper half-cell and zinc

will deposit in the zinc half-cell
Zri?+2eY Zn
CuY Cu+2

Zri2+CuY Zn+Cu?

-, )
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Changes in Enthalby and Entropy

/ DG=-zFE

CH =DG- Tg.x%

—_ S Eg
\ OH = ZFEI—ZF%HD

/%]
b

3 =

atconstahn
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From Gibbs T Helmholtz equation

5,050 _
:DH =DG+TCS

— e HEg
\ ES-ZF?&EHD




4 N

Calculate the standard potential of the following cell at
80°C
Ag, AgCIYKCIY%Br¥Br,,Pt

Br2+- 2Br @

2Ag+2CI - 2AgCl +

Br,+2Ag +2CI - 2Br +2AgCl

At 25°C, the standard potential of the cell is 0.8428 and we will
calculateit at 80°C asfollows:

- °/




e

Substance | DH; kJ moft | S J K mol G, J K mol?
Br -121.55 82.4 -141.8
AgCl -127.07 96.11 50.74
Br2 0 152.32 75.69
Ag 0 42.55 25.35
Cl -167.16 56.5 -136.4

CH° =- 162.9XJ
DS =6.69JK"?
DCe =- 3561 1JK*




7T.=208K, T,=353K
7 DH=0H, +DG(T: - T)
7 D=0 +DG(T5- T)

\ DH°(353=-16478kJ
D=(353=0658IK1

7 D& =DH° - TS
\ D& =-165L1kJ
s c;

B =R
\ E°=0855 at35!
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Electrodes

Complicated

Reaction between ions in . Simple
solution réacuon reaction
Redox 2nd type electrodes 1st type electrodes
electrodes
@etal/ metal ion
Metal/ its sparingly
soluble salt Non metal/non
Metal/ its oxide metal anions
Gaseous
electrodes

Amalgam
electrodes
5 o




g I- 1St typt electrodes A

2- non metal/ its anion 1- metal/ metal ion
Mq Mg ? ¢m=== Electrode notation m====) /] *Z2| V]
Cu*?|Cu
SeSe? | |
Electrode reaction

Electrode reaction

N
Me+ze U Me? \ 22+Ze U M
- Cu~“+2e U Cu
- 2
NSerer\:tzeiua%iJonse Nernst equalt:i\)o_rll_ 1
RT — FA_
E=E"- == Ina,,.. E=E"- —F In a. ..
RT _—=a RT 1
— A — -
E=E"- FE InaSeZ E=E 2F In o2

- @/




™

\ 3-gaseous electrode
Pt, Xz‘ X~* === Electrode qotation—b X+Z| X2, P

Pt,Cl,|CI-

Electrode reaction

X,+2z6 U 2X-?
Cl,+2e U 2CI-

Nernst equation

e=pr RTplac P

2zF Ay,
E=EA- ﬂh’\&aﬂ _)2
2F Acy,

-

H*H,,Pt

 Electrode reaction
22Xz +2ze U X,

2H*+2e U H,

Nernst equatj
E=E*- R

RT
2F

Ay,
a

EA- IN

H+

[nln Ax;
2zF (ax+z )2

2

o
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Amalgam electrode

M +Z“\/| ’Hg

+2
Electrode reaction Cd ‘CFj’Hg
M*z+ze U M(Hg)
Cd*2+2e U Cd(Hg)

Nernst equation

Electrode notation

E=EA- RT|n AN (Hg)
ZF a, .
= FA- RT aCd(Hg)




Il. 2"d type electrodes A

| I
_ _ Metal/ its sparingly soluble
Metal/ its oxide salt electrode

electr|ode
As calomel electrode, Ag/AgCl,
| Hg/Hg,SO,. The metal is immersed in
OH ‘S@,St a solution of the anions of its sparingly
soluble salt.
OH ‘HQCHQ Electrode notation SQZ|HQSQ, Hg
Electrode reaction HgSQ (S)+29 U ZHQI)"'S(?(aQ
- RT
Nernst equation E=E - Ina SQ@?
2F
This electrode is sensitive to the sulphate ion concentration therefore
It iIs used to the determination of sulphate ion concentration

. ®




\

Metal / metal oxide electrode

1. stibium / stibium oxide (Antimony/Antimony oxide) electrode

Electrode notation _

Electrode reaction

Nernst equation

This electrode is reversible t on concentration
so its potential depends on pH and is called indicator
electrode

- @/




PART 5



Classification of Cells

Method of half-cells
connection

Salt bridge (not
associated with
transport)

Porous
membrane

(associated
with transport)

Reason of the difference in the
potential of the Ilwo half-cells

Electrode Solution
concentration concentration

Different electrodes
(different reactions)




Classification of Cells

. Chemical cells
Concentration cells

Other cells
| |
' I I
Associated Not |
with transport Sssociated Redox cells
1. Associated Associated with transport
with E with transport
2. Not 1- amaigam Associated
associated electrode with E.
2. Gaseous Not .
electrode agsouated
- with Ej
3. Electrolytic
cells




™

. concentration cells:

ECeII_ Ec Ea ”

0 a2 0 (al)
ECeII [Ec ZF M ]31[E§2 ZF M*Z]

_ Ivl(aZ) Mt M
ECeII [ 7F M*Z] [ ZF M“]
RT I\/I
ECeII ZF Ma1)

What is the main demand to keep the cell working? °
\_ Answer: a,#a, "

e




|. concentration cells: a. not associated with transport \

2. gaseous cells

it consists of two same electrodes of different gas pressures immersed in
a solution containing a cation of the gas

Pt Hi |HCIHyg ). PY iPtx X Ko

Pt H2(g)

2H™ +28 > Hy(py) X425 X, a2)
H(al)—>2H++2e ;X()—>2X”+2e

Hz(al) —> H2(a2) X2(a1) —> X2(a2)
__RT.(8,)
S 2F In( a, ) zF " (a,)

What is the main demand to keep the cell working?

Answer: a,#a, °
- /




|. concentration cells: a. not associated with transport

3- Electrolytic concentration cells ( not associated with transport)
« Each half-cell is a cell in itself consists of two different electrodes in the same

solution that contains ions reversible to the two electrodes.
« Electrodes are arranged in opposite direction.
« Solutions concentration is different in the two half-cells

« There is no direct contact between the solutions in the two half cells either via

porous membrane or salt bridge and the connection occurs via electrical wires

- +
Hxe _ () Hz()
LL n
Pt _h _H_ Pt
|

HCl(al) HCl(a2)




" Cell notation P’[,HZ‘HC|(a1)‘AgC|’Ag 15t half-cell N

Pt, HZ‘HCI(aZ)‘AgCI ’Ag ]Z”d half-cell
Pt,H,|HCl,)|AgCl,Ag — Agd,AgCIHCl,,H,, Pt

Cell reaction

2-| "(ar) +2C17(a,) + 2Ag = 2AgCl + Hy
() + 2A9C1 - 2H ) + 2Ag +2C17(s)
Nernst equatlonZHCI( 2) — ZHCI(al)

__ RI R d
2F ( ) - - Ina2

What is the main demand to keep the cell working?

Answer: a,#a,

- a/




. concentration cells: 1. with E, ‘ N

Two electrodes of the same material immersed in two half cells containing
two solution of same solute but of different concentrations. The two half cells

are contacted via porous membrane where some processes OcCcurs Iin
addition of redox processes..

Cell notation

Ag|AgNO, (a; ): AgNO; (2, JAg

Cell reaction Ag+(a2).|.e - Ag
Ag—Ag (a )+e

g » v 2

Ag*(a,)- Ag*la,)

Nernst equation

E=_Rl &
F a,
Where is E°?

What is the main demand to keep the cell working?

K Answer: a,7a, °




|. concentration cells: 2. without E,

Two electrodes of the same material immersed two half cells containing two

solution of same solute but of different concentrations. The two half cells are
contacted via salt bridge.

Cell notation

AgIAGNO, (2, | AgNO (2, | Ag =

Cell reactior? 1 o Ag (' e fE DAg
Ag*(a,)+e— Ag
Ag—Ag(a )+e
Ag*(a,) > Ag*(a)

Nernst equatli:\c))n
'

_ .
E = E Inaz

Where is E°?

AgN03(a1) AgN03(a2)

What is the main demand to keep the cell working?

K Answer: a,7a,

™




™

 One electrolytic solutions contains cations and anions reversible to the two

electrodes. .
+

 Two Different electrodes. -
Ha(g) ( | Ag,AgCl
« Different reactions occur at the two electrodes —— _\ 088

II. Chemical cells: a. not associated with transport ‘

Cell notation P'[,HZ‘HC”AQG ’Ag Pt -IJ

HCl

Cell reaction 2A9C| +26 > 2A0 + 2CI-
H, > 2H"+2e

remember that [° = ()

Nernst equation £ _ g._ 5; In (aH+)2(aCI—)2
ay,

o

-




|II. Chemical cells: L. with E, ‘

™

« Different two electrodes and two different solution connected via porous

membrane..

 Different reactions occur in the vicinity of the two electrodes

-
Cell notation Zﬂ‘ZﬂSOLl CUSOACU ;n( 7-&'
cellreaction  CU* +2e = Cu o .
/n— Zn* 4 2e
Cu*+Zn- Zn*+Cu

Nernst equation

E — Eo RT In aZn+2

2F a

Cu +2

-




/|II. Chemical cells: 2. without E, ‘

» Different two electrodes and two different solution connected via salt bridge.

 Different reactions occur in the vicinity of the two electrodes

—
Cell notation Cu|Cu(NO3)2||Ag NO;|Ag maﬂm’g‘ 7 :
Cu g
Cell reaction
Cu(NO:): AgNO:

2A0* +Cu - 2Ag+Cu*

Nernst equation

RT In aCU+2

E=E 2|: (aAg+ )2




‘ N

Different two electrodes (redox and inert ) and two different solution connected via
salt bridge.

Il a) Redox cells

Different reactions occur in the vicinity of the two electrodes

Cell notation Pt,HAH*HFe”,Fe*Z\Pt

Cell reaction

2Fe®™ +2e — 2Fe™
H, > 2H*+2¢

2Fe®+H, 5 2Fe+2 +2H*

Nernst equation [E = E° — (, Fe*? )Z(aw?

ZF (aF +3)2(aH2

If we use NHE
E=E -0 |n}Pee
C
e o

-
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Ill. b) Commercial Cells

Primary cells

Non rechargeable batteries (disposable)

Conduct electricity till achieves equilibrium

Reactions could not be reversed during charging process
Example: Zn/Mg battery

A

Secondary cells

Rechargeable batteries

Conduct electricity till discharge

Reactions could be reversed during charging process
Example: Pb/PbSO, battery

A




g Primary constituents of the cell

Cath% Anode
P

Electrolyte

container——

Physical barrier




Primary batteries : example: solid Zn/C

Zn anode
Carbon cathode

(carbon, electrolyte(NH,Cl) and MnQO,)

insulator

‘ Anode l Zn(s) = Zn%*(aq) + 2e-
| Cathode ] 2MnO,(s) 2e- > Mn,0O4(s) + 20H (aq)

Zn(s) + 2Mn0O,(s) + H,O(l) = Zn?*(aqg) + Mn,O4(s) + 20H"(aq)

Electrolyte : NH,Cl / ZnCl,/ MnO, / C Powder

N -




Solid alkaline batteries

NH 4Cl is replaced with KOH or NaOH

It has longer time than that of solid acidic batteries since Zn
dissolves slowly in alkaline solutions

The cathode is made of Graphite immersed in a paste composed of
manganese dioxide, water and potassium hydroxide

Zn(s) + 20H (aq) 2 ZnO(s) De- (anode)

2MnO,(s) + H,O + 2e- "2 Mn,O,(s) + 20H-(aq) (cathode)
EMFis 1.5V Positive button

It is non—rechargable Steel case

MnO, in KOH paste

Zn (anode)
Graphite rod (cathode)

Absorbent/separator

Negative end cap




/I\/Iercurv Battery

Cathode (steel)
Anode (Zn can)

Insulation

d

Electrolyte solution containing KOH
and paste of Zn(OH), and HgO

Anode: Zn(Hg) + 20H- (aq) — ZnO (s) + 2€e°

Cathode: HgO (s) + H,O (I) + 2e-— Hg (I) + 20H" (aq)

Zn(Hg) + HgO (s) ——Zn0O (s) + Hg ()

(-




fuel cell ==
——
A fuel cell is an "_( \T
Anode Cathode
electrochemical cell that 0, —3 ’ Be— o,
requires a  continuous @y 1| By
. Bl Bl
Porous carbon electrode = Porous carbon electrode
Supply of reactants to keep containing Ni l I containing Ni and NiO
functioning B T
Hot KOH solution
Oxidation Reduction
2H,(g) + 40H (ag) — 4H,0(!) + 4e” 0,(g) +2H,0()) + 4e™ —> 40H (aq)
Anode: 2H, (g) + 40H (aq) — 4H,0O (l) + 4e-
Cathode: O, (g) + 2H,0 (I) + 4e-— 40H- (aq)

2H; (9) + O, (9) — 2H,0 (1)
- O




| Secondary batteries Nickel / Cadmium Battery

Electrolyte : KOH
Current collectors : Ni & Cd

dnode ] Cd(s) + 20H(ag) > Cd(OH),(s) + 2&°

[ Cathode J2NiO(OH)(s) ) + 26" > 2Ni(OH),(s) + 20H-

2NiO(OH)(s) + Cd(s) + 2H,0(l) > 2Ni(OH),(s) + Cd(OH),(s)

Nickel-Cadmium ups O™ oVA
*) (Nicad) Battery \mm.w

Separator

Cadmium (anode)
Separator
NiO(OH) and
conductor
(cathode)

(=)




4 Lead / Acid Battery

Electrolyte : H,SO,
Current collectors : Both Pb

Anode rxn  Pb(s) + SO,%(aq) = PbSO,(s) + 2e-

Cathode rxn  PDBO,(S) + 4H*(aq) + SO, (aq) + 26 + PbSO,(s)

Cellmxn ppO_(s) + Ph(s) + 4H*(aq) + 2S0,%(aq) > 2PbSO,(s) + 2H,0(I)

e e
Discharge éhurgc

Pb anode

F/7

H,S04(a0) ~_ |

N>




Higher capacity (3.6-3.9V)
Rechargeable

Longer lasting

Less likely to leak/explode

Type of Battery Advantages Disadvantages

Lead acid Rechargeable Heavy

Long life Contain acid

12V Weather issues
Alkaline/ Dry cell Inexpensive Heavier

No toxic metals used

Lots of power (1.5V down to 1.2V)
Lithium (solid state) Lightweight Expensive

Fuel cells

No recharging
No harmful pollutants

high initial cost

Fuel not readily available

Nickel-Cadmium (Ni-Cd)

Fast/simple charge (rechargeable)
High # charges

1.2V continuously

Toxic metals

Expensive

Mercury

More constant voltage (1.35V)
Longer life
Lighter

More expensive

-

)




s

Why are some batteries rechargeable
while others are not?

Attempting to recharge a non-
rechargeable batteries does not
regenerate the chemicals but usually
forms hydrogen gas and case to burst
explosively.

Standard Reduction Potentials at 25°C*

Half-Reaction E'(vV)
A Fug) + e » 2F (ag) +257
‘ Osg) + 20 tag) + 26 = Oug) + HO 207
(’.u"q.;.“ +e —-('u"'(uqb +1.82
HO4ag) + 21 (ag) + 267 — 2HO +1.7
PHOL) + 4H (ag) + SO (ag) + 267 —e PESO4) + 2H,0  +1.70
Ce**(ag) + ¢~ — Ce"*(ag) +1.61
MO (ag) + SH" (ag) + 8¢ — Mn” “(ag) + 4H,0 +1.51
Au't(ag) + e » Aulx) +1.50
Clig) + 2¢™ = 21 () +1.3
CryO5 " (ag) + 140" (aq) + 6™ — 2Cr" "(ag) + THLO +1.33
MBOL() + 4H (ag) + 26 s Mn' *(ag) + 2H,0 +1.23
Oug) + 4H (ag) + 4¢” — 2H,0 +1.23
Bey) + 27— 2B (wy) +1.07
NOS(ag) + 4H () + N7 s NO(g) + 2H,0 +0.96
Illg‘.’ta.p * 2 » Mgt *(ag) +092
He " (ag) + 2e™ — 2HgD +088
Ag lag) + ¢ - Agiy) +0.80
Fe'"(ag) + ¢ o Fe** (ag) +0.77
Og) + 20 (aq) + 2¢” — H,04aq) +0.68
MO, (ag) + 2HO + N e MnOs) + SOH (ag) +0.59
i 148) + 26~ s 20" (ag) +0.53 '2
A Oug) * 2H0 + d¢ —— 4OH (ag) +0.40 -
& Cu’“(ag) + 2~ —s Culs) +0.34 g
3 AgCls) + ¢ —e Agin) + O () +022 3
£ SO () + 40 (ag) + 2¢ » SOL4g) + 2H0 +0.20 e
8 Co't(ag) + ¢ —Cu'g) +0.15 B
£ Sa'wg) 4 27 e So* *(ag) +0.13 £
£ 2H (ag) + 2 «Hug) 000 £
2 P (ag) + 20— PD) 013 32
;:? Snj'«.‘qo 4 2¢7 w=e Snis) -0.14 ;-';
2 Ni"“(ag) 4 2¢7 ——= Ni(x) ~0.28 54
2 ('n".hwi + 26" ——= Coly) -0.28 E
T PESOLs) 4 267 e Phis) + SO (ag) -031
C8 * (ag) + 26~ = Cd(s) -0,40
Fe' “lag) + 2¢” — Fety) -0.44
Cr'*lag) + » Crin) -0.74
20° *(ag) + 2" s Znis) -0.76
2HO + 267 ——» Hyg) + 20H () ~0.83
Mo®*(ag) + 2¢” —— Mnis) -1.18
Al (ag) + 3¢ » Als) - 1.