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Electrochemistry (556)

Batteries

Common Batteries

" #$ (convenient, portable sources of energy)

& ' (" ) & * Ybattery)
+, -.$(common flashlight batteryy
(. (2+03 0 4 (single cell) /0
9" ) -4 | %! , 56, -.$ 78

< =6 $6>(secondary) : O(primary) O
"6, ?) 5* 546'6$ @ 9
(primary battery)

546 AB C " #

(dead) $ D) | E78sedup)6 $ A $"
E7 8C Mmust be discarded ¥4 F!$ G

,J 1% =65 /MR# 3 ( !
L 4 M, ' L O(storage battery)
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Electrochemistry (557)

, K 9 9K6 N5!$(fechargeable battery)
1 6<, 34 BP7A&BC(can be reversedD "6
Ycan be recharged)O4 M

Primary Batteries
Dry Cell (Leclanche'Cellf ) &' $% "# $ !

R (dry cell) 8 |l @ 6%+ C@ Q '4 "
CNMVWW 6 #@&eorges Leclanch€) 9# S T
& I (major sourceX 5 @ 9
- )% &  '$[ (toys)Y *Z (flashlight)

W) S
1/0
1"# 2 34567
' 6 % ( ,\! , 5T U
O$ ~ B (porous paperft " ] 2+Z
% 14H 9
?) ( 8 1 J9 @8 , GQI’
+ (inserted)+5 (unreactive)? a P _B

,)JH , ¢ d (moist mixture)Gb ? +
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Electrochemistry

(558)

(NHCH)N 25 9, -.$
M@NO,) (IV)J 4 4 5"90ZnCl,)

Graphite
cathode €y

Insulating washer
Steel cover

Zinc anode @
(battery case)

Wax seal
Sand cushion

Carbon rod

NH,4CI, ZnCly, and
Mn0, paste

Porous separator

Wrapper

Fig. (17-1) : Leclanche dry cell. It contains a zinc anode
battery container), a graphite cathode, end elgtér@onsisting
of a moist paste made of NE&l, ZnChL, and MnQ

Insulator

Graphite rod
(cathode)

MnQ, and carbon black paste

— NH,Cl and ZnCl, paste
(electrolyte)

Zine metal can
fanode)

Fig. (17-2) :Leclanche' dry cell and a cutaway view.

(the
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Electrochemistry (559)

Insulating
Cathode ~ washer

Steel cover

Wax seal
Sand cushion
Carbon rod
{cathode)

NH,CI1
ZnCl,,
MnO, paste

Porous
separator

"

o
e c
e
o E
T
A n
- m
r -
r g

Zinc can
(anode)

113OvaNa |
T13DvUNa s ;

¥ 1135vana

‘Wrapper

(a) (b)

Fig. (17-3) :

a) The Leclanche' cell is a dry cell that generaepotentia
difference of about 1.6 V.

b) Some commercial alkaline dry cells.

Anode :  Zn(sy. %748  ZA" (aq) # 2e

Cathode : 2MnQ (s) + 2NH (aq)~ 267748 M, O (s) + H O(L)Ni2,(ag)

Case

_—— Paper spacer

Moist paste of ZnCl; and NH, CI
2NH; +2e~ — 2NH; + Hz (9)
(Reduction, cathode)

' — Layer of MnO,

Graphite electrode (+)
(inert)

Zinc(—)
Zn(g) = Zn?* (aq) + 2e-

Metal zinc) bottom  {OXidation, anode)

Fig. (17-4) : A representation of a typical dry cell that getesa
a potential difference of about 1.5 volts.
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Electrochemistry (560)

%8 ! 10 9# ! #6jH higld M
=>4 < 2 9:; .8
% )" 8 9EO0 G)"
EF(G 2@ AB CD S # ,8
? <
h5"9.$ ,\ |

Zn(s)%.® Zrt* (aq) +/Ze (anodmidation)

1HO (0# (0 %l
2NH; (aq) + Ze® 2NH (g) + H (g) (cathodeduction
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Electrochemistry (561)

' 0] 6 §J $+> , [8H3l Z

[ f00 \+5 H*E (zZn%), \ !

| a m9 ] 4 B (zinc-ammonia complex)
Z

Zn* (aqg) + 2NH (9)%& [ Zn(NH)|"" (an

ZE/8 !, $ ,1)9 9GR /#8
G k/ 16 HbE @8 G 546 (NHy) 4
@ 8
J’ K LBM 345 N# 0 O/ 6G,8
?2 P
Al 01 $j4 EO, I* H E [S

15H* ')9 E$ Z '0JTj 6 $n/?) =
[Zn(NH,),(H,0)]" [ Zn(NH,),] " h, \ !
C ! #8In0O, R 59p ?) 546E$ ,T5
, T 5 m9 j, 4 6 $P B
Hprevent hydrogen accumulation)
H,(g) + 2MnQ, (sia®& Mn, Q (s) + H O(L
h 9kJ$+> 6 $9,
2MnO, (s) + 2NH (aq) ¥ 28778 Mn O (s) +H O(L) A& (aq)
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Electrochemistry (562)

61 )6 (1.5V)q5 K5Tr$4d B | # 6%
hk J$+> 15"9Z #6 T

Zn(s)¥%® Zrt* (aq) ¥/2e (anode, oxidation)
2MnG, (s) + 2NH (aq) ¥ 287788 Mn O (s) +H O(L) + 2NH (aq)

Zn(s) +2MnQ (s) + 2NE (aqys® [ Zn(NH)™  (aq) + Mn.O (s) #,HLP( E%,= 15V

VWQR #C | < SMB TU "#12 ,8
S MB XBL :VC . C/ (flashlight)
Y0 ZBHC: C G " [922Q 0 G CB
?CC]"#CO0O S TU E(
s5 O78@ , 1% t$ 54600= 'S
, u” 6% r Jn 0O' P '6
% Z T
? < SMB #C :=5 #8
w %6%% C' Cli>v az *$"

mE< =$/# 6 s5/# O 9# +Y 6,

$49 Yeven current is not being drawn) G "
A $" (stored cells)6 $" J! | E7T8 CAB
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Electrochemistry (563)

43 5461 1/ A EO= (run down)

%end to have a short shelf life)

(The alkaline dry cells) +$, "# *

@ $> 8#% O 9 # ! 3 #P

56 k k5)$" O 9# | (NH.CI #Q

<E EO, (replaced by a basic electrolyte)
NR ) 5"95P0 (NaOH N 5"9 5P

%{OHI

@)x 4:#8 x (alkaline battery) H ! gBP

K5T r$4 #M8 I 9 &* =6 (overcome)

?R EOy<5*9,\! N5I$" #P %1.54 V)q5
%pH >7) _

15"90 ,Q$ Y Z'6 E780 9# +#89
hJ44 5"90kJ$+ ,\!

Zn(s) + 20H (ag)¥® ZnO(s) + H O(L) +2e (anode, oxidation)
2MnQ, (s) + H, O(L) + Ze4® Mp Q (s) + 20H (aq) (cathode, reductior

h# 9kJ$+> 6  $9,

MnO,(s) + H,O(L) + e%®& MnO(OH)(s) + OH (aq) (cathode, reductiol
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Electrochemistry (564)

Q z{@ N 6% P,\! 5* 9|
(Zn**(@ag))# * (H"] 6$, \! EOG)

WAB GM " S CL J" 9 [/ %9
(longer life) %0° V Ua2 C L 2
K =60 br$4 OKEBOG ! O J $

*8G) " = 605 Tmore stable currentK ): (90
% H k #8E Z kH$y (90

(Mercury Cell (Battery) / $% -

)R 'y} Qwatches) '6" #8 N5I$" #P

GH ['Q) I " m{4  (calculators)

[#*" 56" | '6 " C (heart pacemakers)

1JTZ H (Cameras)' C (hearing aid)
%x\m/"';" Q G$#% 2+Z

5 E ,,ct)*$- br)*$% &$u)J + #8
I O 9# +#8 9 (Zn),\! P KQO
=6[55 K)lesteelG\ 61)67?) , C H
#8 (mercury(ll) oxide) (HgOJu)J 5"90 | k
5"9 5P (KOHHNR ) 5"95P, 56 ?R
(Zn(OH),) ,\ !
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Electrochemistry (565)

/ 0

5"90kJ$! [ } I 5* 546 ,\! 5'9% 8
h[{: 1?) 546HgO)u)J
Zn(s) + 20H (aq)%® ZnO(s) +H O(L) +2e  (anode, oxidation
HgO(s) + H O(L) + Zé4® Hg(L) + 20H (ag)  (cathode, reductio
Cl x\N /. j4 EO, u)Jd' EO, ma
(1.30or135VH /1@ :5T 6<=61 0y<
%J , bl$
m " F!$ 8AB " J ® )9 u )J E<
m$ %8 Ou)J ' ) (proper disposal)
4u)) $Ry 5%$" ' )j4 1 6<, 0
o%tjecause of its toxicityO$ R G)"
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Electrochemistry (566)

Steel (cathode) —
Insulator

HgO in KOH
and Zn(OH),

Zinc container —
tanode)

A FIGURE 18.10 A small

mercury battery and a cutaway
view.

Fig. (17-6) :A small mercury battery and a cutaway view.

Case

Insulator
gasket

Zn (anode)

,? KOH saturated
with Zn0
(electrolyte)
Separator
HgO mixed with insulation
graphite (cathode)

Fig. (17-7) : Mercury battery. The reducing agent is zinc and
the oxidizing agent is mercury(ll) oxide.
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Electrochemistry (567)

" Tin-plated
ISLE"I outer inner top Sealing and
Buter steel P insulating
er steel gasket

case \

Zn (anode)

KOH saturated with ZnO in
absorbent material telectrolyte)

HgO mixed with
graphite (cathode)

Gas vent

Biarris Inner steel case

Fig. (17-8) : A mercury battery.
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Electrochemistry (568)

+) 3 ])2
Secondary Batteries
544rechargeable) ' (' )
54@remain)=H) 15"9Z r EO G{dischargex
< CAB $48) 546 =H) kJ$#> 5
5 '6 E78' $ > u85 ¢ (reversed)X 6
' 6 $ (regeneratedpb *HE O X* ?)
* (dischargedr EO, (" ) Yseactants)
zy~ 0 '0 (recharged) 4 M
$ A; (hundreds oreventhousands of times)

NS5ISR m:, H" '6 $X6, n #T +

%[ TI# $ 5955T, )
c " O(N SMB d 2 2N# "
N 18] ' _O(nicad) 4
%nickel — cadmium)
VSC L SMB$ R5 46 ) A = 6u

A O (batteries for electric power)
# 96 s5 $ 5 4 # ')
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Electrochemistry (569)

$ | #8s5 O # « $ k+
%[ |
80 €45 45 6&7 $% !

(Lead- Acid Storage Batteries

8 * #P 8 . (automobile battery]l "

(lead — acid storage JI$ &/ €\ )
@R, -$ (12v)5 '; (' ) ,#P
+)$- ()% & ($""'S \ $8 +
#" <\ E5*Y 0=6_9% + 9 .9
C5* 9 (porous metallic lead electrode§} 4 R>I
(lead (IV) oxide electrodeg)\ 5"90# : Y O
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Electrochemistry (570)

@ $ <#8(immersed)l x # ) ji C?) 9
(aqueous sulfuric acid¥k @ ) &/
Yglass fiber)#TTJ - Om ,jH ?) 5*

y
Pb ¥ h()z

1|
'I‘[ﬂﬁ?
Pl

Li

M
\

iiE

T
l
I,
4 t !_
‘ifl!ﬁ

i . ™ o s

%\ m9 +15/ h[,Ud M

| H,50, —
4 (electrolyte) | \
/ Lead grid packed
Lead grid packed with with PbO, (cathode)
spongy lead (anode)

Fig. (17-10) : A lead storage battery and a cutaway view of ope
cell. Each electrode consists of several grids with a largacidrea
so that the battery can deliver the high currents required toastar
automobile engine. The electrolyte is aqueous sulfuric acid.
Anode Pb(s) + HSO (a#)®  PbSO (s) + H (ag)+ 2e E =0.206
Cathode PbD (s) + 3H (aqg) + HSO (aqg)+32® PpSO M),0(L) E =1.628V

Overall Phb(s)+ PbD (s) + 2H (ag) + 2HSO (M@  2PpSP+EH,O(L) E =1.924/
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Electrochemistry (571)

Fig. (17-11) : Lead-acid storage batteryThe modes are lead grids

filled with spongy lead. The cathodes are lead grids filled |with
lead(IV) oxide, Pb@ Each cell produces a potential of about 2 V. Six
cells connected in series produce the desired overall battery voltage.

Fig. (17-12) : Interior section of a lead storageditery. Under
normal operating conditions, the concentratiorhefsulfuric
acid solution is about 38 percent by mass.
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Electrochemistry (572)

Fig. (17-13) : A schematic representation of a 12elt lead
storage battery. Alternate lead grids are packed with spongy
lead and lead (IV) oxide and then connected ineserfhe
grids are immersed in a solution of sulfuric aguttjch serves
as the electrolyte.

E5* E7T8 K9 K ' ) , 34 BPr$4 546

#8GR$ B(PH) e\ ' 0= 5"9.$ e\

C5* 546(PbSQ) *\ '$)9 oP =6k

\ ' 0= KJ$! (PbQy) *\ 5"90 # :

546\ '$ )9 0P =6 GR$ KQ O #RRE"
R)
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Electrochemistry (573)

Anode  Pb(s) + HSO (agp®  PbSO (s) *+ H (aq) + 2e E =-0.296
Cathode PbO (s) + 3H (ag) + HSO (ag)+¥2®  PpSO 2.O(L) E =1.628V

Overall Pb(s) + PbD (s) + ZH (aq) + 2HSO (¥ 2PpSP+@2H,0(L) E =1.924/

ht$ 4 =67) 5 '6 ,
1CD

Pb(s)%® PB" (aq) +2e
P’ (aq) + SO (ad® PbSQO |

1AB

PbQ, (s) + 4H (aq) +2&® Pb (aq) + 2H Q(L
P (aq) + S§ (as® PbSO (s)

105 2
Pb(s) + PbQ (s) + 4H (aq) + 2SO (34 2PRSO (s) + 2H) O(L

1 2iB< O < "#h (05

Pb(s)¥& PB (aq) +2e at anode
PbO, (s) + 4H (aq) +2&& Pb (ag) + 2H O(L) at cdtho
P (ag) + SO (ag¥s® PbSO (s) at anode and cathot

(573)



Electrochemistry (574)

N 5 ' .MH),T5 ' 0,6 )%
h $1 =6D) H"'y* E78 (HO)
Pb(s) + HSQ (aq) + H O(13:® PbSO (s) +H O (aq)+ 2e E . =-0.35§

PbQ, (s) + 3H O (aq) + HSP (aq) + 2e® PbSO (s) +,5H O(L) E.,..= 1.685/

Pb(s) + PbQ (s) + 2H O (aq) + 2HSO (a4@ 2PRSO (s) 4 4H) OEQe": + 2.041V

#8(in series)""$ =6 $ @" ! ,5
92 V)q 5H K 9K5T#* * 1 "
JYC 4M1 6<, 4J$ o\ ; m 4

1$ ,)H 9546 $ (PbSQ)-\ '$ )9EO
K) a B (insoluble compound}s ; a G9
(mostly stays on the electrodeGH DR =6 =H)
%'* 6% (available)K =H) CAB $8urface)

(source of M) $ K5 E78 C ( )
AB ) O (is supplied) J direct electrical current)

X9* g > #8 u85% =6 ) ' $ > E78
e« 546 O 6 E9 (in the direction opposite)
BP %vhen the battery was discharged))

X*4 (overall battery reaction) ) # 6 $ *
'6 $ 5 5* (to be reversed)
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Electrochemistry (575)

5T r$4 \Z #8 #$ (regenerate the reactants)
h )
2PbSQ (s) + 2H O(L¥%® Pb(s) + PRO (s) + 2H (aq) + 2HSO) (aq
6 $E0O 4 #% '6 $ =65, 4/# $
h5 5T, 5%
Pb(s) + PbQ (s) + 2H (aqg) + 2HSO (&4®  2PQSO (s) + 2H) O(L

&/ f\ Y# 1 6 $9, #8
4 =6,"9* , "#'66 oP=6 4J1$
i $

Dischargin battery

Pb(s) + PbQ (s) + 2HSO (aq) + 2H (ﬁ@?@é{%ﬁiﬁ” 2PQSO (s) + 4H)O(L
requires electricity

) * Lh)6O8GH® d " "#=!
L 9r$4

,ML1)6 O4 ROG$9 ,d S! "# =!I
%L9G $ )

% H 40s5 1" ) * o8

(575)



Electrochemistry (576)

726G ¥S! SMF(VP :" 5 /8

X*4 n X9* $ ) ... 1*R , m*
@9 9 * )E’78 gBP#8 C:8 '6$

X6 P 8# 6 $ g# 9 +1 $ $ < +

hoOou" 6%

2PbSQ (s) + 45 O(LY.¥5%®  Pb(s) + PhO (s) + 2HSO (aq) + 2H) (af

——

p,)H 546(PbSQ) 4 «\ '$)9m9 $
%\ 5"90# : e\ D J x$ =
(H,SO)& J9 E78 $ 59 ) 6546
% 6% *#38 9 = & k$ |
, E78C ) u" # #'* 6% = 8i>
, K 5"9p C?) 546 , K kJ$!(charging)
%* 546

Reduction of water : 4H O(L) +4e&  2H (g) + 40H Yaq
Oxidation of water: 2H O(L3%.® O (g) + 4H (aq) €4

+ ,T5 , "9Z2, ? +1$4'6 $ gB P
EO, (accidentally ignitedj@* MO <# $ C !
(sparks) M 0Y H \CA Bean explode) 4

(576)



Electrochemistry (577)

#8=%/ ) gBP (open flame}f $ G O
Yeven the sealed kind)x 34
A$ "@ ) & [E7 8F * 5 46
A ;,6r$48C?) 5 #6 9#gconsumed)
WP $I>I@) &/J9 #8v !

Hx 1 ' " ) mb5 H$
gB P 8 (9(Bodrn sealed automotive batteries)
% ) ,M /,6KMp #*¢ $R tH )

%o indicate the state of charge of the battery)
E7 8C 8(9, = 60 @(90O& /EO0G) "
a4 </G% ) e 546&14 ) &/ 8(9

SMB "&k (/ [I/ N

? SMB WCG7 " 6G8
Ak 98( @ 8B,S0) 8@ $> 8091 H

X =6
= EO * , O78C Hx(5 ' ) #8
B$8 (9 X H$ &

(577)



Electrochemistry (578)

C ]:C +K)"[& €\ 1,)% E<
5 (it has an adequate lifetime)p 891/ C "
% 5! $RKH8 A;, (90 0 4R 0 MO $R =
H( 1" ), 34 B 2 )
K\WEJ 4 * )  %high weight)
5* JY P B @0 kg)= (15 kg),
t X 5 ) <S $ $>, m! i
gB 2 +Z % ) T) # 8 \+C1 "
O* 4 O +, « \' & REO’ )
(disposal}# (mining and manufacturing)
S EOO dused batteries)s!$ " )
A BYgroundwater) 8 (¢ (contaminate)
(should be recycled*4 1 6<G ' ) gBPE78
R 4 01l '9 R
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Electrochemistry (579)

<+/7=: €, *
(Nickel-Cadmium Batteries)

(Nicad Cel)=:; $%

#$, ).+)*$- ,)m)*$ &N o 4

N5I$SR* MC ' (nicad) 0 (ni-cad) $!
1J 1JTZ )R 'y} #8
o) z ! 0G ) " (portable power tools)

Ysechargeable)4 M1 6<, 78 8 2+Z
E EO, Clightweight)El + 0KQOOJS$
(produce aK $ : K5 T rgdquit€ smal)K5T1 x\
1JTZ #815 * BPax =$/ constant voltage)
2 +01J TO0 C ‘P C"$' 9h $
% (9
15 6 4 M, 4
6 $ r EOG)'(can be reacharged many times)
) ; a'5 "9 b@olid products))
Y Z T "u  finsoluble hydroxides)

Y¥@adhere to the surface of the electrodes)

(579)



Electrochemistry (580)

# Pdischarge cycley $ 1 k +C D
4 G9 kJ$+ PAB C(Cd)N 15"90
=6 m65 NiO(OH)gqJ (IIl) 4 5"9 5P #'9 0h
Ysupported on nickel metal)4 E5*
h# $ $#PY Z'6

Anode : Cd(s) + 20H (ag¥.®  Cd(OH) (s) ¥ 2e E. =-0.808
Cathode : 2 NiO(OH)(s) + H O(L) ¥&® Ni(OH) (s) + OH jaq . nose = 0.490/

Cd(s) + 2NiO(OH)(s) + 2H O(1%®  Cd(OH)) (s 2Ni(OH),(s) E,, = 1.299V

4 FI$ 4 E78u)J [#8 9
R G)" (should be disposed of properiy) R
% )9 R (toxicity of cadmium)N

Write the electrode reactions that take place when

nicad battery is recharged; identify the anode |and

cathode reactions.

(580)



Electrochemistry (581)

Fig. (17-14) :Nickel-cadmium (nicad) batteries.

Fig. (17-15) :Rechargeable nickel-cadmium, or ni-cad, storage batt

ories.

(581)



Electrochemistry (582)

> ? @ €:) -
Nickel —Metal hydride (NiMH) Battery

C 1J TZ # 8N5I$ " P gB
, C $ 1JTO#8# Q & '5/
%
# 87?) 6 X O ), 34 BP
h(nicad) 4
Cathode : NIO(OH)(s) + H O(L) #®&  Ni(QKs) + OH (aq

4 K)B)E5* )R ) gBP#85* 4
56@ $ # 8(often nickel or a rare earth)

AKOH)

E5* )YR#8F$ ,T5 5'9b* 6 E<

(water is produced) r$4

MH(s) + OH (aqp-® M(s)+H O(L) fe (anode reactior

105 2 34 2

Anode : MH(s) + OH (agr® M(s)+H O(L)+* e
Cathode : NIO(OH)(s) + H O(L) ¥¥®  Ni(OHKs) + OH (aq)

MH(s) + NiO(OH)(s)%4® M(s) + Ni(OH) (s) E =1

(582)



Electrochemistry (583)

ONIMH)' ), 3 4 B PBm PO,
$"JS$ B N N 5!&Rminates)@x 0

<+3% >+B <+3% A
Lithium-lon Batteries

P) EO, ,, )*+)*$- )bt)*$ &$HON 2

Q!4 $8(9-! | G)" H$" 0 =6

(3.0 Vor 3.4 ¥ [1# * P5 T(low density

N ( E5 * kJ $+>1"#G)* 5 B P

5T O 8(high reducing strength of lithium meital
%~ E5* 0, =60#R 15"90

(very high energy output) Y ; (7 | G

, (6.94g/moEl ;N ( ,k U I H
1 6<, ' ) gBP %[ $>,5 k r$4 EO
gB P G) Y%undreds of times) "o 4 M
E78 (desirable characteristics) 'J
(cellular telephones) ! - #8N5I$" N (
) [ € |
(laptop computers)

(583)



Electrochemistry (584)

(900), (0@ * NU N * #8Xdigital cameras)
% 4R 5* 6Q | N ( E

Fig. (17-16) :Lithium battery for use in a cell phone.

Fig. (17-17) : Lithium—ion battery. It finds many uses in which
a high energy density and low weight are desired.

(584)



Electrochemistry (585)

<+3% $%C+:.0

21 B 5 9N ( E5*N ( +-.%
E5*,61 )6 P\ E j (mixed)
@ 8 G + @ +0N; 00 " N (
%ithium atoms inserted into a graphite electrode)
(has tiny K5 T1 x[¥Y H:'8 " O ) BP
"B (hold) A" EO 4 # $ O ) Sspacss)
1592 6 ,(formed) $ N ( ' O N (

h# $
Li(s) (in polymen%@ LP* (aq) (in polymer) € (anode reactio
5"90, )M#8, N ( O0_ ?) E78AB9
5 $)9(Co0,) ( (lattice of metal oxideE5 *

/#8 9qgB P5 "9Z %niktal sulfide) E5 *

5 $ EO ¢oles) $8 E G
Li*' 0j (incorporate, accommodate)

6 E7 800 @ 5 "0, 61 )6?)E 9 <

h#$ 4 =6E kJ$+>

CoO, (s) + LT (inCoQ ) + &4® LiCoQ (s) (teode reactior

(585)



Electrochemistry (586)

5 "90, KMEnO,J 44 5 "90 P?) E 9 <
h# $ 9kJ$+> 6 E CoO, @
MnO,(s) + Li (in MnQ, ) + e%& LiMnQ (s

N (D ,' ) gBP#8#% >k -.%
Yorganic solvent) Q6 G B #8LiCIO,4 (
, 1$4 # I 6 E7TG0G,?) E 5 46

hk J$+> 15"9Z #6 T

Li(s) (in polymer)3.& Lf* (aq) (in polymer) € (anode reaction)
CoQ, (s) + Li (inCoQ ) +6&.® LiCoQ (s) (cathode reactiol

Li(s) + CoQ, (s)%& LiCoQ (s) E,=34V

(586)



Electrochemistry (587)

h $ I '6 $ F! h [UUd k5T
Reactions in Commercial Galvanic Cells

Primary Cells Z !

Cell diagram :

Zn(s) ZnCl, (aqg), NH Cl(ac{) MnO(OH)(*s) MnO (15) C(graphitefe! , =1.5V

dry cell Anode :
Zn(s)¥%® Zrt* (aq) + Ze
followed by : zri* (aqg) + 4NH (@.®  Zn(NH?) ag)
Cathode :
MnO,(s) + H,O(L) + &4& MnO(OH)(s) + OH (aq)
followed by : NH: (aq) + OH (agp=®& H O(L) + NHog)
Cell diagram :
Zn(s) ZnO(Sb KOH(ac{) HgO®) Ho() stell F =18
mercury cell
Anode :
Zn(s) + 20H (aq)¥%® ZnO(s) + H O(L) +&
Cathode :
HgO(s) + H O(L) + Zé&4® Hg(L) + 20H (39
Cell diagram :
Zn(s) ZnO(sb KOH(ad) Ag O) Ag(h) steel [E =16
Silver cell
Anode :
Zn(s) + 20H (aqys® ZnO(s)+ H O(L) +&
Cathode :
Ag,0O(s) + H,O(L) + Ze¥a® 2Ag(s) + 20H (g
[
Secondary cells
Cell diagram :
Pb(si PbSQ (%) H (aq), HSO (3a) PbO) (s) PhSQ () Pb(s), EV =
lead-acid -
battery Anode : ~
Pb(s) + HSQ (ag)s® PbSQO (s) +H (aqg) e 2
Cathode :
PbQ (s) + 3H (aq) + HSPD (aq) + 2% PbSO (s) +,2H)O(L
Cell diagram :
Cd(s* Cd(CH) (s’) KOH(aa’) Ni(OH) (*s) Ni(OH) (F) Ni(s) 'E 25V
nicad cell

Anode : Cd(s) + 20H (aq)¥-® Cd(OH) (s) +&2

Cathode 2Ni(OH),(s) + Ze¥a® 2Ni(OH) (s) + 20H (3q
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