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Table 17.1 Standard potentials at 25° C*, (pg.1)

SpeciesT Eeduction half-reaction E" W

O IDIZED FORM IS STRONGLY CHIDEMNG

Fz/F" Folgl+2e —2F (aqg) +2.87

Au+ fAu Autlag) + e —An(s) +1.659

Ced+ fCe3+ Cedt (ag) + & — CeS+ (ag) +161

MnOg , H* /Mn2+ WnOj (ag) + 8H* (aqi+5e— +1.51
Ivnz+ (ac) + 4 HzO (1)

Clz /Cl- Clzlg)+ 2e” — 2 Cl (ag) +1.36

Cry0%, H+ /Cr3+ Cr,027+ 4 H* (ag) + 6e—s +1.33
2Cr3+ faq) + 7 HzO (1)

Oz, H*+ /Hz0 Oz (gl + 4H+ (aq) + 4 e— 2 Hz0(1) +1.23

+08latpH="
Brz /Br- Brz(l) + 2e-— 2 Br (aq) +1.09
NO3, H* /NO MNO3 (ag)+4H* (ag) + 3e— +0.96

NO (gl + 2H20(1)




Table 17.1 Standard potentials at 25° C*, (pg. 2)

SpeciesT Eeduction half-reaction E° W

Ag+ /Ag Agtiagl+e —Aglg) +0.80

Fed+ fFel+ Fed+(aq) + & — FeZ+ (ag) +0.77

Iz /1° Iz(s)+ 2 — 21 (aq) +0.54

oz S OH Oz lag) + 2H2O0 + 4 e —— 4 OH (aq) +0.40
+08latpH="

Cuzt /Cu Cu2+(ag) + 26— Culs) +0.34

AgCl Az, CI7 AgClis) + e” — Ag () +C1 (ag) +0.22

H+* /Hz 2H+(aq) + 2 —3Hoig) 0, by definition

Fe3+ /Fe Fed+(aq)l + 3 — Fels) —-0.04

O fHOZ, OH- O (g) + HzO (1) + 2 e— HOZ (aq) + OH- (aq) —0.08

Pbet /Fh Ph2+ (ac) + 2" — Phb (s) -013

Sn<+ /5n SnZ+ {ag) + 2 &” —8nis) ~014

Fezt+ fFe Feitiag) + 2e” —sFe(s) —-0.44




Table 17.1 Standard potentials at 25° C*, (pg. 3)

SpeciesT Reduction half-reaction E° W
Zn<t fZn Znetlaql+ 2e"— Zn(s) -0.76
HzC /He, OH 2HzO0l)+ 26— Hzig) + 20H (aq) -0.83
-042atpH="
AL+ /AL Al3+ (ag) + 36" — Al (s) -156
IgZ+ Wiz g2+ (ag) + 2 — Mgz (=) —2.36
Mat /Ma Mat(agl + e= —Mais) -2
K+ /K Ktiag)+ - —Kl(s) —-293
Li+ /L1 Li*(ag) + &= — Li(s) =305

REDUICED FORL IS STROHGLY REDTTCTHG

* For a more extensive table, see Appendix 2B,

' In the notation ¥ /¥, ¥ is the oxidized species (the reactant, the oxidizing agent) and
Y iz the reduced species (the product, the reducing agent) in the half-reaction.
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Activity Series

Decreasing strength of reducing agents

AuPtPdHg Ag CuBi3bH fPbSaNiCo \CdFe CrZnMn AlMg (NaCaSrBaK

P EF BEF R BKEF BAKFR
R 2HEF FRAS 2Hig
&




F “RBET >R d

m Emf =

ks
i

)

w2 (V)= W(J)/OI(C)
PR ::( E) + *0p% » T3¢ p
5 o SRR 7




=
]

“BrT 2 d

N
s

Bl B0y S 4 Fehp o Gt AGM T e
ﬁxK”ﬁ M : AGO=-RTInK
*

FRPERT > pd qo e EBAGE N HB <
= AG

d #4 5w AG<0 F fgp RE2 -
max =~ QB = AG

q= nF—>AG—-nFE

A




d3 P BRT = Hpd

1l

Fe, — Fe** g t2e -E =044V

(aq)

Cuzt ,y+t2e —Cu, E =034V

(aq)

Fe(s) + Cu2+(aq) % Fe2+(aq) + CU(S) Eo —- 0.78 V

AGO%=-nFE°_, =-(2 mol e)(96,485 C/mol €7)(0.78 J/C)
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BEs 2> 3% Nernst Equation |

AG= AG’+RTInQ
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Equilibrium

Keq - composition
measurements
= T 4
AG®°=-RTIn Keq E3 = a In Keq
Calorimetry:
AH? "
i 4 \A 7°=AH° — TAS® AG® =—nF Eze]l Electrical
T o Tre— (R measurements:
Calorimetry and / E® and E
theoretical calculations:
S° and AS®

A FIGURE 18.11 Summarizing important relationships from thermodynamics, equilibrium, and electrochemistry
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Ag* (1.00M) — Ag* (0.10M) Q = 0.10/1.00

Ag(s) ‘ Ag+(aq) (OlM) H Ag+(aq) (1M) ‘ Ag(s)

E = E%—(0.0591/n) log Q
=0 -(0.0591/1) log (0.10/1.0)
= 0.0591 V
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Reduction: 2H'(1M) + 2 — Hy{g;tatm)

Oxidation: Hi(g,tatm) — 2H (x M) + 2¢
Overall: ZH(IM) —= 2H'(x M)
00592V ' *°
Ecell " __i_ l()g ?

E.; = —0.0296 V log x>

Eeq = —0.0296 V (2log x) = —(0.0592 log x)V

|

E.; = (0.0592 pH) V
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dry cell zn izl | ZnClz (aq), MH4C1 (aq) | WMnOlOH) (5) | WMnde (s) | graphite, 1.5V

Carbon rod
{cathode) Anode:Zn(s) — Zn2+(aq) + 2 &

followed by Zn2+ (ag) +4 NH= (2] — [ZnilHz)4)2* (ag)
Cathode: MnC2 (2] + HoO (1) + &7 — BnO(OH) (5) + OH- (ag)
followed by NHZ (ac) +OH (aq) — Hz0 (1) +MNH= (2)

l

Cathode: 2 MnO,(s) + H,0(1) + 26 —> Mn,04(s) + 2OH-(ag)
Anode: Zn(s) + 20H(aq) — Zn(OH),(s) + 2¢~

Cell reaction: Zn(s) + 2 MnO,(s) + H,0(1) — Zn(OH),(s) + Mn,Os(s)

Ely = E°(cathode) — E°(anode)

= E¥noymn0, — EZn(onyyzn

MnO, +
Zinc cup carbon black =0.118V — (—1246 V) = 1.364 V
{anode) + NH,Cl
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Zn o —Zn%* o+ 2e”
£+ MnO, and carbon black paste on graphite.
2 MnOZ(S) +2NH T2 —
Mn,Og + 2 NHz, + 2 H,O

37 NH,CI / ZnCl, 3 4.
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Cathode: PbO,(s) + 3 H'(aq) + HSO, (aq) + 2€ — PbSO,(s) + 2 H,0(1)
Anode: Pb(s) + HSO, (aq) — PbSO,(s) + H*(aq) + 2¢~

Cell[reaction:]
Pb(s) + PbO,(s) + 2H"(aq) + 2 HSO, (aq) — 2 PbSO,(s) + 2 H,0(1)

Egy = E°(cathode) — E°(anode)

o _ o
= EBvo,pbso, — EPvso,/po

1.690 V — (—0.356 V) = 2.046 V

Recharging reaction:
2PbSO4(s) + 2 H,O(1) — Pb(s) + PbO,(s) + 2 H"(aq) + 2 HSO, (aq)

E(?Ell = _2.046V

Separator |
Anode  Cathode
grid grid
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s Pb(s) + HSO,(ag) — PbSO,(s) + H*(aq) + 2 e~

o Mtk - % 45

m PbO,(s) + 3 H*(aq) + HSO,~(aq) + 2 e= — PbSO,(s) + 2 H,O(l)
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Zinc anode  Steel cathode

Zrnis) | Znd (=) | KOH (aqg) | HeD (=) | Hz (1) | steel, 1.3V
Anode:Znis) + 20H (aq) — Zndis) + HoO il + 2 &
Cathode: HeO (5] + HoO (1) + 22 — Hz (1) + 2 0H (aqg)

HgO in KOHIand Zn(OH),
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A FIGURE 18.17 A hydrogen-
oxygen fuel cell
The electrodes are porous to allow
easy access of the gaseous reactants to
the electrolyte. The electrode material
also catalyzes the electrode reactions.

Fuel + Oxygen — oxidation products

Cathode: 0O,(g) + 2H,0 + 4¢” — 4 OH"
Anode: 2{H,(g) + 2O0H —— 2H,0 + 2¢7}
Overall: 2Hy(g) + O,(g) — 2H,0(1)

E¢y = E°(cathode) — E°(anode)

= E(?)Z/OH’ - Eflzo/Hz

0401V — (—0.828 V) = 1.229V




‘ @ 4% Electroplating

Current supply

Electron ﬂfw

[-—d

+ —
Cations
=] e
. .2
© 3]
- e
-n-Hd l'u
o) o~
4
. 7
Anode Cathode

Anions

T
AR F - S
TRAELEBEET T AA
BR AR
A4z LE R

S I AN
» Euﬁ*/l




KT D R ET B RATIRE K
AT R DAk REFE R KL A
Ak E LR R o

m o fEikl RARE L 53 5.
a 2H,0(l) > O,(g) +4H*(aq) + 4 e~

m AR EBR A S & ;ﬁ
a 4H,0() +4e — 2H,(g) + 4 OH(aq)




o (A B)X R (ST))

{96 5002 5 C
B #=7 £/96500




ﬁ anode: 2CI- —Cl, + 2e-
' cathode: Na* + e- —Na
Maolten
sodium

» 4% B IEEEA B § fo 4 BNa

Ring-shaped
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ané CaCl, ) Graphite > CaClz_\? 35‘N8.C|L’2; ,Q\!’—»E} 8000C £ = 6000C
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