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F5 S9
(Measurement of Electrode Potential)
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< 59)
Standard Electrode%
< T16 U F59 /1+

11 GD r Wg pMlW SUG E 7?1 <

=#cD G*)5 B*) GD3, Y6S/G*) GD

( E+\D 04 >N2* NG E w"5~*

..+4" DMXIH) G E =S/V " D
A4 V #8* P (HCIE

(standard electrod¢) ?1 Q5G E 7?1 n,

(L aam)4 V >NV w” >L <8 PJ

e4d eoDV *G E = I (25 °C -/IN
I LMIFC /AE E& K+ -/HP 04 N
&F92/#C :1 .P L 5

6GD $G 5 + DD u?l1Vv= a G+
! +a [( GE 71 KD 7?1
?1 + <= ;4 dl (eem.f) 75
emf)+ < 16S! 3@ V *( G E
de S+* + D4+ u?l + V *
Arelative electrode potentig®L. | ()- ¢ 5 +
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T16 U F5 ,-81 ( ) V>
0A /A "#$% IM FC
H,(0) %@ 2H' (aq) + &
0A /A IM EC

2H" (aq) + Zes® H (¥

P AM . 0pMWIS

Fig. (3-8) : A hydrogen electrode operating undertandard-
state conditions.Hydrogen gas at 1 atm is bubbled through
M HCI solution. The platinum electrode is part béthydroge
electrode.
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Electrochemistry

Fig. (3-9) : The standard hydrogen electrode.

Fig. (3-10) : The standard hydrogen electrode. Hydrogen gas at 1
atm pressure bubbles over an inert platinum eldetrthat is
immersed in a solution containing exactly 1 Mibins at 25 °Q,.
The potential for this electrode is defined as dydrV.
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PAN >4 M .6 , 0s 7

54k P > %A " : P P =45 b

OCt + k 14M #
A GE ?21L"+' r* * 51
R 8e2/ W GE ?1 '4
G+ o( 5GD# EDKD25[ ud <4 d [Q*-
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# F5 ,-81 () ?V>:

"#$% JMFC 1 |B5 <J1,4 )45 ,RM
0.
2Hg(L) + 2CI (ag)¥%® Hg CJ (s) +8
0. JMFC1 |B5< ,)45 ,RM/
Hg,Cl,(s) + Ze%® 2Hg(L) + 2Cl (aq
GD $M+/ G E ?15 ,57?1 16 G!
9G)1 GI6

Pt/H, (g, 1 atmb HCl(ag , a=1) KCl(aq, a5 1) Hg, CIHg]L)

Sii/ i dli (i Mi/3 "#% 8B ./i3*
o( -

H,(g) ¥%& 2H' (aq) + Ze (oxidation)
Hg,ClL(s) + Ze¥.® 2Hg(L) + 2Cl (aq) e@uction)

H,(g) + Hg,CL (s) ¥%& 2H (aq) + 2Hg(Ly 2CI (aq
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(Silver/Silver Chloride Electrode)

(ieEi+"D?i, ir iE 5~iDir ?r GD <
AE =S/VvV " D
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nF 5M$nF : 0} (MJS

GD $M+/ G E 2?15 ,5?1 16 G!
G)L GI6

Pt/H, (g, 1 atmb HCl(aq , a = ]H) KCl(ag , a5 1) AgCls) ()

Sii/ i dii (i Mi/3 "#i$% B ./i3*

( -
H,(g) ¥%® 2H"(aq) + Ze (oxidation)
2 AgCl+e%® Ag(s)+Cl(aq) (reciion)

H,(g) + 2AgCl ¥%& 2H (aq) + 2Ag(s) + 2Cl
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Fig. (3-16): A glass electrode that is used in conjunctioth\al
reference electrode in a pH meter.

Fig. (3-17) : A glass elect ode consists of a silver wire coated
with silver chloride that dips into a referenceuwsmn of dilute
hydrochloric acid. The hydrochloric is separatednfrthe test
solution of unknown pH by a thin glass membraneeWa glass
electrode is immersed in the test solution, itsteleal potential
depends linearly on the difference in the pH of sbkitions on
the two sides of the membrane.
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59) G => ? @5:
< 59) * "<
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9 GD D& ?1 + ?4
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Cd
E, .= -0.358V
Cd
B B #
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=2+/PA- =GE ?1 ¢ + a G+
9G G G **

Zn(s) ZnsQ (a=1) KCI (1 N) Hg GI () Hg IL
Hg (L)|Hg,Cl,(s) KCI (1 N)| CusSQ (ad) Cu(s)

GLE MiD ?1 GD 3b+ <=2+/ PJ

MiD  ?il GiD i3b+ i  §1.083 V)V i
i MiD ?ili (0.018 V)V i aii-
A0.281V) V
OA,J .P H #- +
& BR > A 97 4
E
@- tMD N $ ™MD tG,E N $
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E:ceII: ECathode_ Eanode E;:eII: ECathode- Eanode
Cu Hg,Cl, Hg,Cl, Zn
E:Cathode: E ceII+ Eanode E;mode: ECathode' E ce
Cu Hg,Cl, Zn Hg,Cl,
Ecanose= 0.018 +0.281 E_.=0.281- 1.08:
Cu Zn
E:Cathode: 0'299 V E:anode: - 0'802 V
Cu Zn
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D B, #
OG E 7?1 MD 7?1 GD 3bD $M+H -

Pt(s)|H, (g, 1 atm) HCl(aqg, 1M) KCl(aq) Hg GI YiHg(L)

>)+ 1@+ &49
A M3 "#%$% 8B ./3*?28=0

E

+-83¥D G+ S/ ' N>+ ?1 MX+ MD <J
ADD E S/' N!@+ ?1 MX+ G E

Pt(s] H, (g, 1atn]) HCl(ag, 1M) || KCl(al) Hg £B}| Ha(L)

hydrogen electrode - anode calomel electrode - cathode
H, (0) %% 21" (aq) + 26 Hg,Cly (s) + ZeagSd¥im. .. 2Hg (L) + 2CI (3

H (9) + Hg GUS)wuisihieaom. . o 2H" (aq) + 2Hg(L) + 2Cl (aq)
@ B #
M D ?15 M@ + D& ?1 "#%$% 4?2

9( +8 X++ )1 < ;4(1N)#8 VP
cd(s) Cd* (ag, LM)| KCl(ag, IN) Hg GI () Hg(l) t&s)
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A ( M/3 "#3%$% 8B ./3*?8= ©
E.( D& 2?1 2?24 O
(E.=02676v) 6 VE! MD 2?1  <Q5 e+/

cal —

AE.,=06830v) 6 (298K) E -/

E
7
Cd(s| Cd*(ag,1M) |  KCl(ag, 1N) Hg Gl (5) Hg| Pt(s)
cadmium electrode - anode calomel electrode - cathode
Cd(syﬁfﬁ?&é%l%@mi/ o C8" (aq) +2e Hg, Ch (s) + Z‘y“%%ﬁ/%%éK%iim/ 32Hg (L) + 2Cl (aq)
Cd(s) + Hg &l (w/ﬁﬁifﬁﬁﬁ%m@“ﬁmmwa €t (aq) + 2HgERC (aq)
O0:; JE{4,= . >#B >
Ecen= Eca- Ecy
Ezc:d = E:Cal - Ecell
E.,=0.2676- 0.683(
E.,= -0.4154 V
O B, #
OMD a- ()1 GD 3b+ H

Pt(s)/Hg(L)/Hg, Cl (s)/KCl(aq, IN)//Ct (aqg, 1N)/Cu(s
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( M/3 "#$% 8B ./3*?8 =9
(' <=2+/ PJ a- 7?1 ?4 O
MD ?1 "#%$% (EL=+00570) 6

(Ez.=+0.2676v)

E
Pt(s) Hg(L) Hg, C}, (s) KCl(ag, IN) || CU” (ag, IN) Cu(s
calomel electrode (anode) - oxidation copper electrode(cathodegduction
2Hg (1) + 2C1 (2GR, o Ha CF (5) + 2e Cu?* (2a) + 2 U 2 CUS)

0 » KC BR : >#ADb5 >

Eiei= Ecu - Eca
E:Cu = E:ceII + E:Cal
E., =(0.0570)+( 0.2679
E.,=0.3246 V

@ B, #
a) Write the chemical equation for the cell reattio

resulting from the following half-reactions :

Hgy'(aq) + Zes®  2Hg(L)
2Hg(L) + 2CI (agps® Hg CJ (s) +2
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b) Write the cell diagram and draw a schematicupect
of the cell and its contents, label the anode atdodle,
and indicate the direction of electron flow. Assuthat

the cell contains a salt bridge filled with a K@&l g

Answer :

HgZ' (aq) + Ze%@ 2Hg(L)
2Hg(L) + 2CI (aqps® Hg C) (s) +2

Hg3' (aq) + 2C1 (agy»® Hg Cl (s)
b)

Hg(L)[Hg,Cl, (s) HCl(ag] Hg (NQ } (ad) Hg(L
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2**q35N M "#$%QE/ GX 1 :eE$
A c JX8B S )' X8B GD"#%% &
F5. 4# <P , ., IR )\
dCE/ \)45% /7 'R

A © -

+ (E:Zn: - O.763V) GE ( "#%% +
6 (Pt/ F€', FéN "#%$% 8B ?1 "# $%
< )' X8=G,E "#$ <= +540.771 V)

S " M- | NM8 8= f G,E
M@ (Fe") H = +-5" + ( =
5P -/ G.,E - D( % 85"#$

M/3* ( fEW o VI MING*) ?1 S/ ?'
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B B1
25°CRM> % g P =4
Standard Potentials at 25 °C
Electrochemical Series $/ ## U

Species Reduction half-reaction E°, V

No/N3 gNz +H +e%®& HN, (g) - 3.40
N3 /N, 3N, +e%& N, -3.20
No/N3 gNz +H +e%® HN (aq - 3.09
Li*/Li Li*+ & %& Li - 3.045
K*/K K+e%® K -2.925
Rb'/Rb Rb' +e%® Rt -2.925
Cs'/Cs Cs +e%® C -2.923
Ra'/Ra Re?" + B%® Ra -2.916
Ba’/Ba BaZ* + E%%® Ba - 2.906
Sr/Sr S + BYB Sr - 2.888
Cd'/Ca Ca + B%® Ca - 2.866
Na'/Na Na' +e%® Na -2.714
Ac/AC Ac*+ 38%&® Ac -2.6

La’/La La* + 3B %® La -2.522
Cce’/Ce Cé™ + B%R Ce - 2.483
Pr/Pr PP + B %8 Pr - 2.462
Nd**/Nd Nd™ + 38 %@ Nd _ 2431
Pnt/Pm Pt + £%® Pm - 2.423
Snt'/Sm S + B%® Sm _2414
Eu'/Eu EW + B%® Eu -2 407
Gd**/Gd Gd + B%@ Gd - 2.397
Tb*"Tb To* + 3%%& Tb -2.391
Y3y Y¥+38%® Y -2.372
Mg“/Mg Mg® + 26 %@ Mg - 2.363
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Dy**/Dy Dy*'+ 38 %® Dy - 2.353
Am> /Am Am® + 38%® Am -2.320
Ho>*/Ho Ho™ + 38 %® Ho ~2.319
Er/Er Er+ 3 %® Er -2.296
Tm*/Tm Tm* + 38%® Tm -2.278
Yb*/Yb Yb*+ 38 %® Yb - 2.267
Lu®/Lu Lu*+ 36 %@ Lu - 2.255
Ho/H 1H,+e%® H -2.25

H*/H H'+e%® H(g) - 2.1065
Sc*ISc SC*+ BY%® Sc -2.077
AlF /Al AFZ+ 38%® Al+ 6 - 2.069
PU*/Pu PE + B%® Pu -2.031
Th™/Th Th*+ 46 %% Th -1.899
Np**/Np Np* + 38 %& Np - 1.856
Be”*/Be Be* + B %% Be - 1.847
U /U U+ 36%® U -1.789
HfO,, H'/Hf HfO,+ 4H" + 4e%® Hf + M,0 1.7

Hf* /Hf Hf “+ 46 %® Hf 1.70

NS A+ 35%8 Al - 1.662
Ti/Ti Tiz'+ 26 %® Ti -1.628
VAGH VA Zr*+ BB Y@ Zr -1.529
SiF“/Si, F SIF? +4e%® Si+6 -1.24

Yb¥/Yb** Yb*+e%® YO -1.21

TiFs /Ti, F TIFZ + 4e%® Ti+ 6 -1.191
VIV VZ+ 28 %8 V -1.186
Mn“*/Mn Mn®+ 26%& Mn -1.180
Sntt/Snf* Sn* +e%® S -1.15

Nb**/Nb Nb* + 38%& Nb -1.099
WO, /W WO? + 4H,0 + 6648 W + OH -1.05

Pad'/Pa, HO PaC* +4H +568:® Pa#20 -1.0

Po/H,Po Po+2H +Z%® H,Po > -1.00
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Se/Sé Se+Z%® Sé -0.92

TiO%/Ti TiO* + 2H" + 4e%® Ti+H,0 -0.882
H;BOy/B H,BO,(aq) + 3H +Zé.® B+RB,0 -0.8698
H3;BO4/B H,BO,(s) + 3H +3&.® B+H,0 - 0.869
SiO,/Si SO, (quartz) + 4H +2&:®  Si +H20 - 0.857
Ta,0O4/Ta Ta,0, + 10H + 1064® 2Ta+#50 -0.812
OH/H, 2H,0 + 2e%® H +DH -0.809
Zn“*/Zn Zn* + B%® Zn -0.7628
Zn“*1Zn(Hg) Zn* +Hg + Ze%®  Zn(Hy 0.7627
TI/TI TH+E%& TI+1 -0.752
Cr*/Cr Cr*+ BY%® Cr -0.744
Te/lH,Te (aq) Te+2H +2&4® H Te(dq -0.739
Te/H,Te (g) Te+2H +2e,® H Te(y -0.718
SbG,/Sb SbQ +2H O + 3648 Sb +@H’ -0.67

Tl, Br/TIl, Br TIBr + €%& TI+ Br -0.058
Nb,O4s/Nb Nb,O, + 10H + 1064% 2Nb +5,0 -0.644
u™/u™ U*+e %@ U -0.607
As/AsH; As +3H +3e%® AsH (Y - 0.607
TICI/TI, CI’ TICI+€%®& Tl+ClI - 0.5568
Ga '/Ga Ga" + B%® Ga - 0.529
Sb/SbH Sb+3H +Z%®& SbH -0.510
HsPO,/P H,PO, +H +&%& P(white) +12,0 - 0.508
H3POy/H3PO, HPO; (ag) + 2H +2&® H PO (ag)+,0 | -0.499
SIS S+X%B S _0.447
Fe'/Fe F& + B%® Fe - 0.4402
Eu”'/EU’ EU* +e%® EG - 0.429
Cr’*, Cr'/pt Cr +e%® CF 20.408
Cd*/Cd Cd + B%® Cd - 0.4029
Se/HSe Se+2H +2&.® H Se(dq - 0.399
Ti", Ti°'/Pt TiF+ e %@ Ti* - 0.369
PbL/Pb Pbl, + 2e%® Pb+D -0.365
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Pb, PbSASO,” PbSQ + 2€4® Pb SOF -0.3588
Cd™/Cd(Hg) Cd** +Hg + Ze/:®  Cd(Hp - 0.3516
PbSQ/Pb(HQ) PbSQ +Hg+2&® Pb(Hg - 0.3505
TI*/TI TI'+ e %® Tl -0.3363
Co™/Co Co™ + B%® Co - 0.277
NiZ*/Ni NiZ*+ 26 %& Ni - 0.250
Mo>"Mo Mo* + 36 %® Mo -0.20
Srt*/Sn St + B%® Sn -0.136
PL™/Pb PL* + Z%® Pb -0.126
Ag, AgBr/Br- AgBr +e%® Ag+Br - 0.0713
Ti*, Ti*'/Pt Ti“+ s 4B T -0.04
D*/D,, Pt D'+e%®& 1/D, - 0.0034
H/H,, Pt H'+8%® 1H, +0.000
Ge'IGe GE' + EY@ Ge +0.01
sSn™, Siff/Pt S + B%® S +0.15
Cu™, Cu'/Pt Cu* +e%® Cu +0.153
Ag, AgCI/CI AgCl +e %8 Ag+Cl +0.2224
Hg, HgCL/CI Hg,Cl,+ 2e%® 2Hg + ZI + 0.2678
CU’/Cu CU” + E%® Cu + 0.337
Fe(CN)", Fe(CN)’/Pt Fe(CNY +e%® Fe(CN) +0.36
OH/0,, Pt 0, + H,0 + 2e¢/4@® DH + 0.401
Cu'/Cu Cu' +e%&® CL +0.521
1'/15, Pt |+ 2e%®& 2 + 0.5355
Te"/Te Te" + 46 %8 Te +0.56
MnO,, MnO,“/Pt MnO, +& %® MnG; + 0.564
Rh**/Rh R + 22%& Rh + 0.60
O/O O, +2H + Z2%& H,0, + 0.68
Fe', F&'/Pt Fe" +e%® Fé& +0.771
Hg,”"/Hg Hgj +2e%® Hg +0.788
Ag'/Ag Ag'+e%® Ag +0.7991
Hg“*/Hg Hg™ + 26 %% Hg + 0.854
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Hg™', Hg'/Pt Hg” +e%® Hg +0.91
N>*/NZ NO,+ 4H" + 3e%®& NO + B,0 +0.96
Pd*/Pd PK + E%® Pd +0.987
Br/Br,, Pt Br, + Ze%® Br + 1.0652
Pt/Pt PP+ E%8® Pt +1.2
O/IO” 0, +4H + 4e%:@® B0 +1.229
Mn“*, H /MnO,, Pt MnO,+ 4H' + Ze%® Mi" + B,0 +1.23
TI®*, TI/Pt TI*+ 2e%® TI' +1.25
MnO,/Mn** MnO,+ 4H' + 2e%® MA' + B,0 1.28
cr?, CrL,O,~, H'/Pt Cr,O% +14H + 6e%® 2C¥ +R,0 +1.33
CI/Cl,, Pt Cl,+ Ze%® XI +1.3595
Au®", Au‘/Pt AU+ 28 %@ AU’ + 1.402
P, H'/PbQ, Pt PbQ, +4H + 2e4® PB +R,0 + 1.455
ClO5/Cl, 2CIO, +12H + 10€4® CJ +8.,0 +1.47
Au®*/Au Au™+ 38%@ Au +1.498
Mn>", Mn“*/Pt MnO? + 8H' + 5e%@& Mr* + #,0 +1.51
Mn>*, Mn“*/Pt Mn*+ e%® Mn® +1.51
ce™, ce’/pt Ce" +e%® C& +1.61
Cl*/Cl 2HOCI + 2H + 2&/4® C) H,0 +1.63
SO, H'/PbSQ, PbG ,Pb | Pbo +SG +4H +2&® PbSO +H20 +1.682
Au'/Au Au*+E%® Au +1.691
oYo?/pt H,0,+ 2H + Ze%® H™,0 +1.776
Co’*, Ca'/Pt Co” +e%® CJ' +1.808
S,05° /SO SO +2e%® B0 + 2.00
O/0” 0,+ 2H + Ze%@® Q .0 + 2.07
H/H,, Pt H,(g) + 2e%® 2H (a)) +2.2
Hg,Cl,/Hg, CI Hg,Cl,(s) + 2e%® 2Hg(L) + 2Cl (aq + 227
F/F, Pt F,(g) + Ze%® 2F (aj + 2.87
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Fig. (3-19) : The significance of standard potentia. Only
couples with negative standard potentials (and énénieg below
hydrogen) can reduce hydrogen ions to hydrogen @as
reducing power increases as the standard potéettames mor

e

negative.
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Fig. (3-22) : The standard copper-SHE cell :
PtH (ag, 1 M); H (Latn) Cii (ag, 1 M) Ci(s

In this cell, the standard hydrogen electrode fonst as th
anode. The net reactionts(g) + Cuv** (aq)%® 2H (aq) + Cu)s

D
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Fig. (3-23) : A cell consisting of a copper electo® and g
hydrogen electrode.This cell is operating under standard-state
conditions. SHE acts as anode.

Fig. (3-24 : The standard Cu/SHE cell
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Fig. (3-25): A galvanic cell consisting of a €i{l M)/Cu half-cell and
standard hydrogen electrode (S.H.E). The S.H.R.pgece of platinum fo
that is in contact with bubbles of(d) at 1 atm pressure and witfi (&) a
1 M concentration. Electrons flow from the S.H.Bndgde) to the copp
cathode. The measured standard cell potential &€25 0.34 V.

Fig. (3-26) : An electrochemical cell using the €(Cu half-cell and th
standard hydrogen electrode. A voltage of + 0.34 produced. In this ce
CU?* ions are reduced to form Cu metal, angdisioxidized at the standa
hydrogen electrode. The reaction at the standaddolggn electrode (anod
is :

H,(g) + 2H,0(L)%® 2H,0 (aq) +B.
Cathodic half-cell reaction isCu®* (aq) + Zé4® Culs

=W

rd
e)
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0 . JMF
H,(g) + Cu" (aq)%® 2H (aq) + Cu)s
0.P > t-
E.. = E., - E,

cell —

E. . =0.34 - (0.000) = 0.3%

cell —
Da B, #

?1 GD DO3NZ7+8 8 eP+ 'E=
..t4 " D ( G E wu GD (I)G,E
6 G,E (" "# $% <8 P 2)

(?1 M8 -/ [& /3 2?8 (E,=-0.7642)
A ( c 74 A" gp
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Electrochemistry

E

GDnQ* e'-6e++@* MA+(\g 'p MU S%
A E GE (1

Fig. (3-27) : The Zn(s)‘ Zrt* (ag, 1 Mu H (ag, 1M); H (1 ati®t in which

the following net reaction occur€n(s) + 2H (aq)%®& ZA (aq) + H |g
In this cell the standard hydrogen electrode fumgias the cathode.

Fig. (3-28) : The Zn/Z* (1.0 M) //H' (1.0 M), H, (1 atm)/Pt cell in whic
the reactionZn(s) + 2H (aqp.® ZA" (aq) + H g

=)
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Electrochemistry

Fig. (3-29) : A galvanic cell consisting of a Zn/Zn(1 M) half-cell and &

standard hydrogen electrode. Electrons flow from the zinc anode
S.H.E. (cathode). The measured standard cell potential at 25
0.76 V.

Fig. (3-30) : An electrochemical cell using a ZfZn(s) half-cell and @

standard hydrogen electrode. In this cell, the ellectrode is the anode 3

the standard hydrogen electrode is the cathodecdlhgoltage is + 0.76 V.

Zinc is the reducing agent and is oxidizing t&*ZrH;O" is the oxidizing

to the
°C is

nd

agent and is reduced to,.Hn the standard hydrogen electrode, reaction

occurs only where the three phases-gas, solutimhsalid electrode- are |

contact. The platinum electrode does not undergachemical change, and

in the cell pictured here the cathodic half-cedlat®on is :
2H,0" (aq) + Ze4® H (g) + 25 O(L
The anodic half-cell reaction iszZn(s)%:& Zrt* (aq) + 2.

(199)
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Electrochemistry

OB B, #

Design a galvanic cell that uses the redox reaction
Fe(s) + 2F& (ag)s® 3Fé (hq

Identify the anode and cathode half-reactions, and
sketch the experimental setup. Label the anode and
cathode, indicate the direction of electron andfiow,

and identify the sign of each electrode.

E
Anode (oxidation) Fe(§y® Fe (aq)+2e
Cathode (reduction) 2  Fe (adu® Fe* (aQ)

Overallcell reaction Fe(s) + 2Fe (&4G® 3Fe )(aq

Fig. (3-31)
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Electrochemistry

Ob B, #
A simple voltaic cell is assembled with Ni(s) and
Ni(NO3),(aq) in one compartment and Cd(s) and
Cd(NOGy)-(aqg) in the other compartment. An external
wire connects the two electrodes, and a salt bridge

containing NaN@ connects the two solutions. The

overall reaction is :
Ni**(aq) + Cd(s)%& Ni(s) + Cd (ac
a) What is the reaction at the anode/
b) What is the reaction at the cathode?
c) What are the directions of electron flow in theernal
wire and of ion flow in the salt bridge? Complédte tell

diagram by indicating the anode, the cathode, &ed t

directions of electron flow and ion flow.

Fig. (3-32)
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Electrochemistry

a) Anode :Cd(s) %® Cd' (aq) +2e (oxittat)
b) Cathode Ni**(aq) + Ze%.® Ni(s) réductbn)
c) The completed voltaic cell is shown below (Ki;33)

Fig. (3-33)
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Electrochemistry

Oc B, #

The cell illustrated in the following drawing (Fi(B-34))
generates a potential of (E° = 0.51 V) under stahda

conditions at 25 °C.

Fig. (3-34)

The net cell reaction is :

Zn(s) + Nf* (aq, 1 Mp®& ZA" (aq, 1 M)+ Ni)s
The half-cell potential for Zn(s)/Zf(ag, 1 M) is (- 0.76
V).
a) Determine which electrode is the anode and wisich
the cathode.
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Electrochemistry

b) Show the direction of electron flow outside ttwll,
and complete the cell diagram.
c) Calculate the standard potential for the hallf-ce

Ni**(aq) + 2e%-& Ni(3

E
a) Zinc is the anode; nickel is the cathode.

b) The cell diagram is shown in the drawing below
(Fig. (3-35)).
c)—0.25V

Fig. (3-35)
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Electrochemistry

Od B #

Consider the following galvanic cell (Fig (3-36))

a) Complete the drawing by adding any components
essential for a functioning cell.

b) Label the anode and cathode, and indicate the
direction of ion flow.

c) Write a balanced equation for the cell reaction.

d) Write the shorthand notation for the cell.

Fig. (3-36)
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Electrochemistry

De B, #
W WGQu_WBRAg WnF W A F, Z5

(E}W,Ag =+0.79V,E. , =+ 0,337) 0P : —4

"WW#3$% Q;M WWFC <WWR WWBN! WWWW JWWK,
& . JIMF [/ /

E

0. , JKCA S
Cu(s){ Cd* (aq, 1 I\/w Ag (ag, 1M) Ag)s

u, >-1
Cu(s) + 2Ad (aq)¥%® Cti (aq) + 2Ad(s

J WWW\ARARERIRARANAIV VWV -+ WY VTRV D AAMIRIRARAI D ¥
&Ve (OVp (U
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Electrochemistry

Fig. (3-37)

Fig. (3-38) : The standard:u(sj Cd" (ag, 1 M) Ag (aq, 1M) Ag)s
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Electrochemistry

Og B, #
g@= GD ,*- M/I3 (7 + M/ 381
9 13
H,(g)%:® 2H (aq) + &
Co’* (ag) + &4& CO (ac
(cell diagram) #D*?8=G*) 'q 5 O
(schematic picture) 11* E, 'E
0*dc* &4 >+ !@+(label) / * D

Adirection of electron flowx %

E

9 ( M/3 ©
H,(g)%& 2H' (aq) + Ze

2 Co* (aq) + &.® CB (aq)

H,(g) + 2Cd" (aqps® 2H (aq) + 2C6 (xq
9 #D*0O
Pt(s) H, (gj H (aqu Ct (aqg), Co6 (aa) Pt
AOO NMW( +8 (- +@
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Electrochemistry

Fig. (3-39) : The narrow red outlines the electrical circuitnied
by the movement of electrons (through the extemat) and
ions (through the cell and salt bridge).

Oh B, #
q M/3 MX+*( 3¢ E
Fe(s) + C4" (agp+® Fé (aq) + Cd

9( % 84dc* >)+ @+ S/e-)D
ADB8M/3 [M/3 (B@ 7?3
( ?4 O

(E=-044V, E, =-0.4W)
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Electrochemistry

E

GDnQ* 3 e+E M3+ 'NMW 5 +@©
A4 D&S8()1

o IS

0"#%$% JM FC N!E
Fe(s) %® Fé& (aq) +@
0 JM FC N!E
Cd' (aqg) + 2€4@ Cdjs
0 . JMF
Fe(s) + Cd" (agps® Fé& (aq) + Cd
0.P > #- >
Ecor = Eca - Ere
E =-0.40 -(-0.44) = 0.0¢

cell —
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Electrochemistry

Dai™ B, #

'"'D( Mg) ~+ ?1GD D 3 $ 'E=
(z, ?1 GD (Mg(NO5),) -+
Pb(NO),  , "D
q  "#3$% <Q5e+/
(Ey,=-237V,E, =-0.130)

AE 7 ( % 84dc* ' S/ G59
A ( M/I3 ?21M8-[& .3 ?28=0
A ( c?4 Q@

E
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Electrochemistry

>

O{4#R8U! RM"#$% JM FC N!E
Mg(s) & Mg (aq) + &
0,9 U RM JM FC N!'E
P’ (aq) + 26.® Pbjs
0 . JMF
Mg(s) + P (aq)%&® MG (aq) + Pb(

0.P > #- b
E...= Es, - Eyg
E_,=-0.13-(-2.37)=2.2¢
BC B, #
O( M/3 MX+*( 3c ‘B

2Al(s) + 3CU" (aq)¥%® 2AI" (aq) + 3CuYs
A#$% 8B n@ M/3*?2 83
9" "#%% & <Q5H (' 24 O
AEy=-166V, E, =0.3%)
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Electrochemistry

0 . JMF >
2AI(S) + 3CU" (aq)¥%& 2Al" (aqg) + 3CufS

oxidation reduction
2AI(s) %® 2AIPT(aq) + 6e , 3CH" (aq) B6® CA(S)
2AI(s) + 3CU" (aqpasmsvmsm  2AT (ag) + 3Cu(s)

0.P > - b
E.o= Ec, - Ey
E.=034-(-166)=¥%
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Electrochemistry

Ra B, #

9,-1 " "#%$%W & <=2+/PJ

Ey,=-2.36V,E, =-2.86 V;E =-166VE =-0.14V,£0.000
E,,=0.8V,E, =-0.250 V,;E =1.0652 VE =1.3595V

"# 3% 8B M/3* (3@ ? 8= /3 H
A= *M/3 M6G5 ] ( P
Lovreereinn, Mg(s) + Ca (a&)® Mg (aq)Ca(s)
2 e 2AT (aq) + 3Sn(sk®  35n (aq) + 2N(s
S H (g) + 2Ag (agr® 2H (aq) + 2AY(s
Qe Ni(s) + Br (s¥y.®  Ni(aq) + 2Br (a|
S TUUUU Cl (9) + 2Br (a@y®  Br (L) + 2ClI (nq
E
41) G H
Mg(s)¥%& Mg’ (aq) + Ze , Ca (aq) F2& Qa(s
E:ceII: ECa 'EMg

cathode anode

E =-2.86-(236)=-05V

cell
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Electrochemistry

Uu05 M/3 ? 5¢ E FJ<= +5
90 /(7 MI3 < (7 *
Mg* (aq) + Ca(sy»® Mg(s) + Ca (a

GH

2A1%(aq) + 3Sn(s)¥%® 3Sii (aq) + 2Al(s)
oxidation- anode reduction - cathode

3Sn(sps® 3SA (aq) +6e , ZAl (aq) T  AlB)
E.o= Ea - K,
cathode anode

E_=-1.66+0.14)=-152V
M/3 (7 * uM/3 HI? 5 + EFJ
9 /(7
3SIt* (aq) + 2AI(SY-® 2AT (ag) + 3Sn|S

GH

H,(g) + 2Ad" (aqR+® 2H (aq) + 2Ag(s)

oxidation - anode reduction - cathode

H,(g)%® 2H" (aq) + Ze , 2Ag (aq) +2& 2AY(s
E;:eII: EAg - E|—|2

cathode anode

E._=0.8-(-0.000)=8V

cell
A7 *M/3 HI ? +5 EFJ
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Electrochemistry

GH
Ni(s) + Br, (s) %& NFf* (aq) + 2Br (aq)
oxidation - anode reduction - cathode
Ni(s) %&® Ni**(aq) + Ze , Br(s) +2Z& 2Br (pq
SE EBr2 - By
cathode anode
E_=107-(-0.25)4.32V
A7 *M/3 HI ? +5 EFJ
# GH
Cl,(g) + 2Br (aqp~® By (L) + 2Cl (aq)
oxidation - anode reduction - cathode
2Br (aq)¥%.® Br(L)+2e , Cl (g) +2Z& 2CaQ)
S EC|2 - EBr2
cathode anode
E,=136-1.0%0.29V
A7 *M/3 HI ? +5 EFJ
BB B, #

o M/I3 (M-?1 24
Fe(s) + Ni* (agps® F€ (aq) + Ni(

AE.,=0.19V, E, =- 0.44/) 9<Q5 e+ /
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Electrochemistry

E
9.1 0)15
Eter= Eni - Eee
ENI = E:ceII + EFe
E, =0.19 + (- 0.4}
E, =-0.25V
b B, #

(Ee=-0.44V, E, =+0.3¥) 9<=2+/ PJ

of PD
Alya- )8" D( GDH'C+u- Q
All) )8" D(a- GDH'C+u Q@
E
(Iha- )" D( GDH'C+u- @
GD ) ' X8=  (En<Ey) <= +50 "NMHN
S- "+ ()P =S e@ D 8Q 'HI a -
/SD# KD w
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Electrochemistry

WV (WS
(IN) 8" D(a- GDH'C+tu O
"#$ a - (E..>Er) <= +5 OO "NM N
A - H yFf GHI GD )8=
} (WS
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Electrochemistry

[Ac B, #
9+6 @ 13 )1 G' G c <=2+/PJ
(E,,=0.80V, g, =-0.14)

o=e7 *<'( M/I3 M6G) Dw. Q
O9ES8I+ ~ W -/

S (ag, 1 M) + 2Ag(sps®  Sn(s) + 2Ag (aq, IM

E
? [ &+ S/>+ 1@+ *( +
28PJ (7 *uM/3 < ? 5 + 3P
A7 *M/I3 ?+5 +
0= A/

S (ag, 1 M) + 2Ag(sps®  Sn(S) + 2Ag (aq, 1M

f r3 +-)IN"#3$ f @ <
AG@IN 8=

E;:ell - E<:athode - E anode

Sn Ag

E ,=-0.14-(0.8) = - 0.9%

cell

AG * u BNF GO5 M/3 <=(-! 16
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Electrochemistry

Oi # JMF fM46. JMF )y+. [/
Sn(S) + 2Ag (aq, IMP4& St (ag, 1 M) + 2A9(S

0OJMF 3 )4 5/
E;:ellz Ecathode- Eanode
Ag Sn

E_,= 0.8-(-0.14) =+ 0.9¢

cell —

Bd B, #

9 O"RES% & 2+ PJ
(E\,=0.80V, E, =-0.14%)
q M/3 H <8
St (ag, IM) + 2Ag(s¥-& Sn(s) + 2Ag (aq,)M
A5 ( M/I3 "#%% 8B ./3*?78=9O

M/3 16 M6 GRAJ=M/3 e ?4 O
A =(7*
E
©
2Ag(s) %% 2Ad (aq) + 2e Sn (aq)#REH $n(s

Sré+ (aq, 1M) + 2Ag(spewisme  Sn(s) + 2Ag (ag,1M)
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Electrochemistry

@+ 5 /3 GD & O
9 I+ 1 01 [ (cathodep)+ (anode)
E;:ell = Ecathode - Eanode

Sn (B, =-0.140V)  Ag (Exg=0.80 Y
E._,= (- 0.140 V) - (0.80 V)
E_=-094V
OM/3 < )'+ P + ( <= +5
Sr** (ag, 1IM) + 2Ag(s¥+® Sn(s) + 2Ag (aq,IM
ov= /6(7 M/I3 +J (7 * u
Sn(s) + 2Ad (aq,IM¥:®& St (ag, 1M) + 2AY(s
="#* +-5 0l N8Q VI 6 @ <=V=
oM/ 3 | + IY-4< * AD * Nr3

E;:ell - Ecathode - Eanode

Ag (Epy=0.80V)  Sn(&,=-0.140Yy

E.= (0.80V)-(-0.140 V)

cell —

E.=+0.94V

cell —
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Electrochemistry

e B, #
Consider the following galvanic cell (Fig. (3 - 45)
a) What is the guantitative change in the cellagut on
increasing the ion concentrations in the anode
compartment by a factor of 10?
b) What is the quantitative change in the cell agd# on
increasing the ion concentrations in the cathode

compartment by a factor of 10?

Fig. (3-45)
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Electrochemistry

g B, #
Consider the following galvanic cell (Fig (3 - 46))
a) What is the guantitative change in the cellagut on
decreasing the ion concentrations in the anode
compartment by a factor of 100?
b) What is the quantitative change in the cell agd on

decreasing the ion concentrations in the cathode

compartment by a factor of 100?

Fig. (3-46)
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Electrochemistry

Bh B, #

9 'O#$% & H
(E,=-0.7628 V, kg, =-0.4029)
>)+ 1@+ &49

( M/I3 "#%$% 8B ./3*?8=0
R 2?4 Q

E

0O /! 5BC 7

6 )' X8= #$ VI ?1 6 @+
5cJ X8= #$ VI ?1 6>+ G,E

D& 6
E;:athode > E: anode
Cd Zn
0. IJMF [/ /" #%% Q;MFC>
Zn %® Zn* + Ze idation
Cd** (aq) + Z&4® Cd(S) rechret

Zn(s) + Cd* (aqy.® ZA" (aq) + Cd(s) owdlreaction
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Electrochemistry

0.P > #- b
E;:ell = Ecathode_ Eanode
Cd Zn
E=-0.4029 - (- 0.7628

E_,=+0.3599 V

cell —

Bi" B #

9 H
Cd(s) Cd" (aq, 1 M) KCI(1.0 N) Hg Gl ($) Ho(1B(s)

E.,=0.6830V, . =0.2676 9<=2+/ P
E

Cd(S)|Cd” (ag, 1 M)|| KCI(1.0 N) Hg Gl (§) Hg(l]) ts)
anode (Cd) cathode (calomel)

Ecen= E E
calomel Cd

0.6830 = 0.2676 - E ..

Cd

=0.2676- 0.6830

cathode ~ anode

E .

anode
Cd

E.,=-0.4154 V
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BC B, #

9# D 15 ? 8=
Ni(s) + 2AgCI(s) %:& Nf* (aq) + 2Ag(s) + 2Ch())

E

Ni(s)|Ni** (aq) | Ag™ (aq) Ag(s)
Ba B, #
9 J3*7? 8=

Ni(s)|Ni**(ag , 1 M| Fé" (aq , 1M), & (aq , RK(s)
E

0" #%$% JM FC
Ni(s) 3%.& Ni*"(aq) + &
0 JMFC
Fe' (aq) + 2648 Fejs
0 . JMF
Ni(s) + F€" (aq)%® Ni* (aqg) + Fe(
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BB B, #

9 H
Cd(s){ Cd" (aq,a= jp Ct (ag,a51)Qu(s

( M/3*?8 ©
"#$% & <=2+/ PJ( ?4 O

(E.,=-0.4029V, E, = +0.337)
E

3
Cd(s)/Cd" (ag,a=1) // Cu (ag,a=1(E

anode cathode
Cd(sy 7998 C& (ag) +2e CU* (aq) + 27998  cujs
Cd(s) + CE* (aqy 93" & (ag) + Cu(s)

0.P > - >
E_ =E

cell — “cathode ~ E
Cu Cd

E . =0.337 - (- 0.4029

cell —

E_., = 0.7399V

cell —

anode
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Bb B, #

9( M/3 f 3 ell*'E =
Ni**(aq) + Fe(s)%® Ni(s) + Fé (a

AGE+N& ] O)+N&[ G5O

AlB S/ -W G50

A %< 'dc*r G50

V B #8 * <= 2+/ PJ 274 @&

96 ' "#$% & (1M)

(E., =-0.44V,E, =-0.25)

E

©
"#$% +H d-/f*VI ?1 69 6)+N&]J
90 % 8 N
Ni*(aq) + 2Ze%® Ni(3

S/2+*"#3$% +/ <B>)+ MX+ M- ?1 b
Al

+ @-/ N f VI 21 6 90@+N& ]

AO8=N
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Fe(s)%.® Fé& (aq) +&
8= f VI 1@+ MX+ ?21 < ( 5
AE 7 ( % | @*
J] 1Bd45 QE/ P YHC/QRBJOb/ >
0. }p (W

P IS

0"-4 2/#C QE457 $ C RM > H=
Oe#E E = ,i

RT, Fe
cell = E<:e|| - In .
ZF  Ni*

RT
EceII = (E.cathode_ Eanode) —
\ e ZF

E. =(-025-(-0.49) -0
E.=0.19V

cell —

E

In (3
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4 . B GD + #8 -/ = mr -D

VAR dé ( (nQ) <B2 &!DO0)1
3 6 < ( 5 (In 1 = 0)e 3,
AE = Ea)('
BC B, #
9 H
Cu(s) Cd" (aq)| Cl (ad) GI (¢
9(6 #$% & ¢ <=2+/ P

(E.,=+0.337V, E, =1.359%)

A MI3 "#$% 8B ./3*?8= ©
A 24 O

E

Cu(sj Ca" (aq) H Cl (&) £! (9)

salt chlorinelectrode cathode
bridge

Cu(s)ﬁ/// ﬁ%ulmm C* (aq) +2e Cly(9) + 2% /ﬂﬁ‘nulfﬂf/%mm/ 3*2C| (a1

copper electrode - anode

Cu(s) + C) (gy SRS, 5&9%9” C8* (aq) + 2CI (aq)

IIIIIIIII IIIIIIIII/ 3

Ebell = Ecathode_ E
cl, Cu

E.,, = 1.3595 - 0.337
E., = 1.0225 V

anode
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Bd B, #
9 H
Cl,(g)/CI (aq) //Cd" (aq) /Cu(:
96 #$% & ¢ <=2+/ P
(E.,=+0.337V, E, =1.3599)

A M3 "#%$%» 8B ./3*?8= ©

( 24 O
E
CI (ag)|Cl, (9) || Cu(sEU” (aq)
chlorine electrode - anode E)a'lctj copper electrode - cathode
- ridge - .
2CT (aqpesfi¥i9iols . Ch (gy +2e cé#" (aq) +2543/4§4I%‘|3)@‘§9},{%%®" /3¢ CUIS

Cu?* (aq) + 2C1 (aq)epyshigheen . C(s) + Ch (g)

i/ 3

E:CeII = E:Cathode- EAnode
Cu Cl,

E.,= 0.337 - 1.3595

E.,, =-1.0225V
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Electrochemistry

I i <B((7i* uM/3 <= + GD 4.
Giai- Sit Eit GDi1I %" ( 5 ? 5
Al GD 8 +5+ D-/0J
S B GDe )8= Cc5(E$E *M,* -/
C8!+ ¢t*050 *g° % <  (1.0225 V)
o M/I3 f I7-/

cu® (aqg) + 2Cl (aq%sg.s(};%ezﬂ/ﬁa elion cu(s) + 6l Yo

3 GD M= (E ¢ <8 PJG
A Ga- E (715 M < (1.0225V)

Be B, #

$( =24/ P <a xr ?1 GD 3bD $

A)+ MX+* r3 1@+ MX+ a<- 3

AD 5011 '5 MXD ©

A M3 "#%% 8B ./3*?8 O

"#$% & <= 2+/ PJ ( 24 Q
g

2+/ Cu

(E\yng=0-799 V. E ..., =0.33V)
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Electrochemistry

E

GDnQ* 3 11 ' MX+O t NMW
A a ()1

Fig. (3-48) : The copper/silver voltaic cell utilizes the reaction :
Cu(s) + 2Ad (aq)¥%® Ct (aq) + 2Ag(s
The potential of this cell is 0.46 volt.
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Bg B, #

E i4 i E& ii-/(PHz :1) G Ei (i)l ic ?i4
(pH=Vi*i (- Ei aB i+ " D( (25°C)
)

E

2H" + 2Ze%.® H, (g)

0.0591Iog R,
2 IHJ

0.0591Iog 1
2R

E, =+ 0.02591|0d |'E]2

=42 2.0591109{ H]
= 0.0591l0§ H]

4 = -0.059{ - lof H)
E,, = - 0.0591pH

E, =E,

E, =0

T

E
E
E

O(E, = -0059pH) $B ! (0)1 "b M

E, = - 0.0591pH
E, = -0.0591 (b
E, = -0.2955 V
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Bh B, #

i'="1i D (NG Eii ?iil Giib D i $Mii+/ ii* PJ

Kiiiiiiw+ MiiiiiD @ = 5) (- Eiiiiii
AE uome = +0.242V)
?4
G E 7?1 ©
Ae.m.f) 75 | + O
A d ( M/I3 "#%% 8B ./3*? 80
E
0A /A D 7
E, = - 0.0591pH
E, = -0.0591 (5
E, = -0.2955V
0 + "4 SH >
Ecer = Beatnode = Eanode
Hg,Cl, H

E., =0.242 { -0.2956
E., =0.242 { -0.2955
E., =0.5375V

cell
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Electrochemistry

0 QMFCb
H,(g) ¥%& 2H' (aq) + Ze

Hg,Cl,(s) + Ze%.& 2Hg + 2Cl (aq)

H,(g) + Hg,CL (s) ¥%® 2H (aq) + 2Hg + 2Cl (xq
Cbi™ B, #

(R,=1) G Ei 211 GDi Di (emf)i+ 28 PJ

E iiii4 iiii E& 1i(0.480 V)V iiill *(E . = +0.242v)

calomel

A+ (-E aB + 7?4 A25°C)

E

EceII = E(:alomel - EHydrogen

0.480= 0.242 Eoen
E,yrogen = 0-242- 0.48(
E = -0.238V

Hydrogen —

9.1 K "+ (- E aB

E, = - 0.0591 pH
-0.238 V = - 0.059pH

L _ -0.238
- 0.0591
pH = 4.030
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Electrochemistry

bC B, #
(0.01 "iD(i ir3 21 GD D (emf)+ 2 8 PJ
Viitaii i )8"ii D(i aii- ?il KiD ir i M)
A - =#8*?4 A25°C)E 4 E& -/ (0.425V)
i " e i <Cid nniniii-- /
(E\y=0.7991V, E, =0.33V)
E

Cu%® Cu' (aq) + Ze
2° Ag'(aq) +&4® Ag

Cu(s) + 2Ad (aq)¥%.® Ct (aq) +2

92 &!D0)15

Cu(s) + 2Ad (ag)¥%® Cti (aq) + 2Ag

Ecell = EAg - ECu
0az5= g, 000y L g 0059%
2 Aat 2
g
0.425= E, +—0'02591Iog Ag - E, +—0'2591Iog cti

0.425 ={ 0.7991 8.0591 lod 0.0)) - 0.3379»'02i91 log Cu

0.425 = 0.6809 - 0.337¥:L log €u

0.0591I0g Cu =0.6809 - 0.337 - 0.425

0.02955log C& =- 0.0811

- 0.0811
0.02955

log Cw** =- 2.7445
cw =180 16

log Cu** =
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Electrochemistry

Da B, #
PJ25 °C)ii-/ (FEIFE) "ii + (i)l iic ?ii4
9 V * (FE'IFENG5 )- 2 8

(1~ 10,7 10,160,171 1071107

AEis e = 0.77TIV) ¢ "#3% <Q5 e/

E
Fe'* +e%® Fé
F +
E= EFe3+/F§+ - 0.0591 |0g7+
Fe’
F +
E=E_ . +0.0591 log——
Fe*
. . . Fe* .
#18 ?1 Sil E=E, . +0.0591 og —— | 1 0)15
9 1+
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Electrochemistry

(239)

Fe*
Fe’*

=1~ 1C

+

E = ElFé*/F@* + 0.0591 IOgg

E =0.771+0.0591 ldg 1 10?)
E =0.6528 V
Fe*

=1" 10
Fe

+

F
E = &é*/F@* + 0.0591 IOgg

E=0.771 + @591 |og( 1 101)
E=0.7119 V
Fe*

=1~ 16
Fe

+

F
E = E;:e3+/F€_+ + 0.0591 |Og§

E =0.771+0.0591 ldg 1 10°)
E=0.771V
Fe

4. =1" 16
Fe*

+

E = E;:e3+/F€_+ + 0.0591 |Og§

E =0.771+0.0591 Idg 1 10')
E =0.8301V
Fe*

=1" 16
Fe

+

e
E = E;:e3+/F€_+ + 0.0591 |Og§

E=0.771+0.0591 Idg 1 10?)
E=0.889:V
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Electrochemistry

DB B, #

9 n@- 01 c¢ ?4
Pt‘an (agq,1” 18 M), M (aq,2 0 M),'H (aq,1 10)M
AE, ome=151V) E ( "#$% <QSe+/

E

9" #$% M/ 3*

MnO, (aq) + 8H (aq) +5&® Ml (aq) + 4H OfL

w0 = Brinoy i~ 0'%59%09 anl;z+H+ 8
Cron 151 £
E oy = 5L Iog(1 ' Ezz) (11(')3) 16)
o = 1.329V
Db B, #

o M/I3 <#9 25[?4
5FE* + MnQ +8H%® 5FE +MA +H,0

orD > (' #3% & ¢ <Q5e+/

(E:FeZWF@*: 0.77V, B, 5w :1'53‘/)
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Electrochemistry

E

(sFe" +MnQ +8Hu%® SFE +MA +M,0) MI/ 3 <#*% 25]

96

5

Fe™*
F&

M
MnO, H i

9"#$ 8=(/3*S ( M/I3 M@35

5F&* %,® 5F& +5e
MnO; + 8H" +56%@ MR’ + #,0

9G &+ S/2 < 0)15

S5F€” %@ 5Fé" + 5e

5

0.0591  Fe”
E + + = E + + + |o
Fe¥ IFe Fé* IFé 5 9 £ 5
Fe
EFé*/Fé* = EFé* IF& 0'0591I0g +
5 Fe?

MnO, + 8H +56%® Mni’ +4H O

0.0591 Mn®*

MnO,/Mn2* EMnO;l/MnZJ' ) 5 log 8

MnO, . H'

E
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Electrochemistry

O<= c < #*%%/

MnO,/Mn?* = EFe?*/Fé*
| 0.0591 Fe" 0.059 Mre*
Eeo e * 5 l|0g F& E\/InO;/MnZ* g ]Iog MnO, . H' 8
Fe Mr?*
O.77+O'0591Iog —=1.5% 0'0591I0g 5
5 Fef 5 MnO, . H'
Fe* M
151 077 20%5q ° 00594, '
Fe’ 5 MnO, . H'
Fe* Mn**
0.74= 0.0591 log—— + log 5
5 Fe MnO;, . H*
Fe* . M
0.74= 00591 og 8
5 F&' . MnQ, . H
0.74 = 0'0591(I0g K)
log K = 0.74
0.0591/5
|og K= OLS
0.0591
log K = 62.606
K =4.02 " 10%
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Electrochemistry

[bc B, #
i fiai* (i Wi, GiiD i $iN>iil DNMiii X+* ?ii 8
9 13

a) H,(9) +1(9) %& 2HI(aq)
b) Mn** (ag) + I (agys®® Mni" (aq) + In(s)
c) Hg,ClL (s) + Cd(sy-®& 2Hg(L) + CdCI (g

d B, #
9 . ( M3 3@ /3 7?8

a) Pt H|HC
b) Pt‘ F&" F&

| AgCI,Ag
sti S Pt
¢) PLCl|HC| Crd| Ag CrQ A

[be B, #

=xr3 )1 GD D 75 | 2

(Hg,HgCl,/ICI) MiiD  (Ag/Ag®) iii & 4B iir3

(+Vi MiD ?1 <8P 40.2360V)
AS]?1 2?4 2?2 2?1 6 0.2812 V)

0.5172 V0> 4H
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Electrochemistry

bg B, #
9' 6& 2?4 . ./3*?8
a) F¢ F&| H| H , Pt
b) Zn| ZnCl| AgCl,Ag
[bh B, #
9 /3 V&b*( . & c ?4

Hg,Cl, + Cd ¥%® 2Hg +CdCl,
Hg,SO, + P& 2Hg PbSQ
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