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The electrode at
which oxidation
acours is called the
anode,

Zing loses elactrons
more readily than

copper.

Zinc metal gives
up 2 electrons
and goes into
agueous solufion

Copper metal
deposits on the
copper cathode

by the reaction
2 -
Cu (aq) + 26 » Cul(s)

2 -
n(s)=7n +|[aq]| + 2e
Porous barrier allows

3. The ion transport
SO, ions passage, but| | must be charge
blocks Zn and Cu jons. equivalent to the
electron flow,




Cathode compartment Anode compartment
Cu’* + 2e~ — Cu (reduction) . Zn — Zn** + 2e~ (oxidation)

Chemistry for changing times, 8th ed. (1998) Hill & Kolb, Prentice Hall

Figure 10.9 A simple electrochemical
cell. The cell consists of a copper elec-
trode in a solution containing Cu?*
ions (on the left), a zinc electrode in a
solution containing Zn®* ions, and a
salt bridge that allows ions to flow into
and out of the two solutions. When the
two metal electrodes are connected by
a conducting circuit, electrons flow
from the zinc electrode, where zinc is
oxidized, to the copper electrode,
where copper is reduced. The overall
reaction in this cell is Zn(s) +
Cu®*(aq) — Zn**(ag) + Cu(s)
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The electrode at
which oxidation
occurs is called the
anode,

Zinc loses electrons
maore readily than
copper.

Zine metal gives
up 2 electrons
and goes into
agqueous solution

Copper metal
deposits on the
copper cathode
by the reaction

2+ -
Cu (ag)+2e » Cu(s)

The ion transport
must be charge

equivalent to the
electron flow.

2 -
Zn(s)-=Zn +{aq} + 2e
Porous barrier allows

o
S0, ions passage, but
blocks Zn and Cu ions.
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Electrolytic Cell
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TABLE 19.1 Standard Reducti ials at 25°C*
HALF-REACTION E°(V)
Li*(ag) + e~ —> Li(s) -3.05
K*(ag) + e — K(s) #2198]
Ba?*(aq) + 2¢~ —> Ba(s) —2.90
Sr**(aq) + 2¢~ —> Sr(s) —2.89
Ca’>*(aq) + 2¢~ —> Ca(s) —2.87
Na*(ag) + e~ — Na(s) =2
Mg**(aq) + 2¢~ —> Mg(s) —2.37
Be?*(aq) + 2¢~ —> Be(s) —1:85)
AP*(ag) + 3¢~ — Al(s) —1.66
Mn?*(aq) + 2¢~ —> Mn(s) —1.18
2H,0 + 2¢~ — Hy(g) + 20H (aq) -0.83
Zn**(aq) + 2¢~ —> Zn(s) -0.76
Cr’*(aq) + 3¢~ —> Cr(s) —0.74
Fe**(aq) + 2¢~ —> Fe(s) —0.44
Cd**(ag) + 2¢~ —> Cd(s) —0.40
PbSO,(s) + 2¢~ —> Pb(s) + SOF~(aq) -031
Co**(aq) + 2¢~ —> Co(s) —0.28
Ni2*(aq) + 2¢~ —> Ni(s) —-0.25
E  Sn**(ag) + 2¢” —> Sn(s) -0.14 &
& Pb**(ag) + 2¢~ —> Pb(s) -013 &
£ 2H'(ag) + 2e” —> Hy(g) 000 &
5 Sn**(ag) + 2¢” —> Sn**(ag) +013 3
3 Cu?*(ag) + e~ —> Cu*(ag) +0.15 &
ﬁ S02~(aq) + 4H*(ag) + 2¢~ —> SO,(g) + 2H,0 +0.20 ;
En AgCl(s) + e~ —> Ag(s) + Cl™ (aq) +022
8 Cu*'(ag) + 2¢7 —> Cu(s) +034 2
éh 0,(g) + 2H,0 + 4¢~ —> 40H (aq) +040 @
‘G Is) +2¢” —> 20 (ag) +053 2
?3’ MnOyj (ag) + 2H,0 + 3¢ —— MnO,(s) + 40H™ (aq) +0.59 E
= 0y(g) + 2H*(ag) + 26~ —> H,0,(aq) +0.68 =
Fe’*(aq) + e~ —> Fe**(aq) +0.77
AgT(aq) + e —> Ag(s) +0.80
Hg3 " (aq) + 2¢- —> 2Hg(l) +0.85
2Hg**(aq) + 2¢~ —> Hg3*(ag) +0.92
NOj (ag) + 4H (ag) + 3¢~ —> NO(g) + 2H,0 +0.96
Bry(l) + 2¢~ — 2Br (aq) +1.07
0,(g) + 4H"(ag) + 4¢~ —> 2H,0 +1.23
MnO,(s) + 4H*(aq) + 26~ —> Mn**(aq) + 2H,0 +1.23
Cr,03 " (aq) + 14H" (ag) + 6e~ — 2Cr**(aq) + TH,0 +1.33
Cly(g) + 2¢~ —> 2C1~(aq) +1.36
Av**(ag) + 3¢~ —> Au(s) +1.50
MnOj (ag) + 8H*(ag) + Se~ — Mn**(aq) + 4H,0 +1.51
Ce**(aq) + e~ —> Ce**(aq) +1.61
PbO,(s) + 4H"(ag) + SO3~(aq) + 2¢~ —> PbSO4(s) + 2H,0 +1.70
H,0,(aq) + 2H*(aq) + 2¢~ —> 2H,0 +1.7%
Co**(ag) + e~ —> Co**(aq) +1.82
05(g) + 2H"(ag) + 2¢~ —> Oy(g) + H,0()) +2.07
Fa(g) + 26~ —> 2F (ag) +2.87

*For all half-reactions the concentration is 1 M for dissolved species and the pressure is 1 atm for gases. These are the
standard-state values.

Chemistry for changing times, 8th ed. (1998) Hill & Kolb, Prentice Hall



Paper spacer

Moist paste of
ZnCl, and NH,CI

Layer of MnO,
Graphite cathode

Zinc anode

FIGURE 19.7 Interior section
of a dry cell of the kind used in
flashlights and transistor radios.
Actually, the cell is not completely
dry, as it contains a moist elec-
trolyte paste.

Anode: Zn(s) —> Zn**(aq) + 2e~
Cathode: 2NHj (ag) + 2MnO,(s) + 2¢~ —— Mn,05(s) + 2NH;(agq) + H,0(])
Overall: Zn(s) + 2NH} (ag) + 2MnO,(s) —> 7Zn**(ag) + 2NH;(aq) + H,0(1) + Mn,04(s)

Chemistry for changing times, 8th ed. (1998) Hill & Kolb, Prentice Hall
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AMn02(s) + H20(1) + 2Zn(s) —>
2Mn203(s) + Zn(OH) 2(s) + ZnO(s)
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Anode: Zn(Hg) + 20H (aq) —— Zn0O(s) + H,O(l) + 2e
Cathode: HgO(s) + H,O(/) + 2¢e~ —— Hg(l) + 20H (aq)
Zn(Hg) + HgO(s) — ZnO(s) + Hg(/)

Overall;

Chemistry for changing times, 8th ed. (1998) Hill & Kolb, Prentice Hall



Ag,0 + Zn ——> 2Ag + Zn0



oLi + I, -> 2Lil
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Pb(s) + SOF (ag) —> PbSO,(s) + 2e~

PbO,(s) + 4H* (ag) + SO2 (ag) + 2¢~ —> PbSO,(s) + 2H,0(!)
Overall: Pb(s) + PbO,(s) + 4H" (ag) + 2802 (aq) —> 2PbSO,(s) + 2H,0(!)

Anode:
Cathode:
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Cd + 2000 —> Cd(OH), + 2¢
NiOCOH) + H,0 + e ——> Ni(OH), + OH
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Principle of Charging/Discharging of Ni-MH Batteries

"
Srasog

NilOHE+M == =2 NOOH-+MH



Mi-Cad battery Lithiurn-ion battery

charge charge

g L
SrE
I
e
HH

Fepeatedly used partion Usable portion




Charge Discharge

Pozitive electrode (LiCo02)____——Meqgative electrode (C)
_I_-—-|F =

2 |

Separator Separator

Chat e
B Charge-discharge reaction LixCg+Lic-zColz — GC+LiCo0;z

[ischarge
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? ozt CHA2H,0 > 4H,+00,
%R CHH0 —> HytC0
Z’/El' );‘{Jﬁg‘ CDHZD-I-Z _> CHHZH—I_HZ

4 ¥ (X% organic compounds —>
metabol1tes+H,
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