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2H,0() > 0,(g) + 4H* (aq) + 4 e
2H,0() +2e > H,(g) + 2 OH- (aq)
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2 Na* (aq) + e 2> Na (s)
2H,0() +2e > H,(g) + 20H"(aq)

2 W) die il cple ) aal Ghaay 8

2Cl(aq) =2 Cl,(g) +2e
2H,0() >0,(g) + 4H*(aq) + 4 e
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2 Cl-(aq) 2> Cl,(g)+ 2¢e
2H,0()+2e > H,(g) + 20H"(aq)
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2 SO,% (aq) = S,04%(aq) + 2 €
2H,0() 2 0,(g) + 4H*(aq) + 4 e
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Cu?* (aq) + 2e- > Cu (s)
2H,O0(l) +2e > H,(g) + 20H-(aq)
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2Cu?* (aq)+ 4e > 2Cu(s)
2H,0() >0,(g) + 4H* (aq) + 4 e

9 AN Jelall
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Zn* “(ag) + Cu(s)

Zn(s) + Cu®*(aq)

Zn (s) + Cu?* (ag) ——Cu (s) + Zn?* (aq)
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Galvanic Cells

Voltmeter
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anOde W Copper
. . = Cr K = - cathode
oxidation Salt bridge I |
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ZnSO, solution CuSOy solution

spontaneous

redox reaction

Zn s oxidized
to Zn"* at anode.

Zn(s) —= Zn>*(aq) + 2

Net reaction

Znis) + Cu2+[aq] — Zn2+{aq} + Cu(s)

cathode

reduction

Cut is reduced
to Cu at cathode.

2¢ + Cu’*(ag) —= Cu(s)
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Voltmeter
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Zn <— H, gas at 1 atm M});j\ .L),_.aﬂ 1atm -
.| Salt bridge )
Il 1 2 el 2 S
Il ST HY(1 M) e
e Pt electrode H2 (1 atm) ¢
1 M ZnSO, 1 M HCI
Zinc electrode Hydrogen electrode

Zn (S) | Zn#* (1 M) || H* (1 M) | H, (1 atm) | Pt (s)
Anode (oxidation): Zn (§)—— Zn%* (1 M) + 2¢-
Cathode (reduction): 2e- + 2H* (1 M)—/— H, (1 aim)

Zn (8) + 2H* (1 M) —— Zn?* + H, (1 afm), 103



Ege// =0.76 V
Voltmeter
e- e~
——s,

Zn ‘ <«— H, gas at 1 atm

il Salt bridge Standard emf (EZy)

!! ECUe// = E, cOaz‘hode - Eagnode

- Pt electrode

1 M ZnSO, 1 M HCI

Zinc electrode Hydrogen electrode

Zn (S) | Zn#* (1 M) || H* (1 M) | H, (1 atm) | Pt (s)
Eley= E /3*//—@ - EZOI?+/Zn

0.76 V=0 -£2,.
Egan’/Zn =-0.76 V

Zn** (1 My+2e——2n E’=-0.76 V 25



E2,=0.34V
Voltmeter EO _ EO

ce// cathode anode
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\ E&n= E&2v/c,— Ef H* /Hy
H, gas at 1 atm —> Cu

Salt bridge i ]L O 34 ECU2+/CU - O
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Pt electrode

1 M HCI :
Hydrogen electrode Copper electrode

Pt (s) | Hy (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)+ Cu* (1 M) —— Cu (s)+2H (1 M)
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G Cd e 2588l e A8 Al uldll agall ale
< 5 Cr 25585 1.0 MoS 55 CA(NO,), Jslas
Cd?* (ag) + 2ee—— Cd (s) EY=-0.40V Cdis the stronger oxidizer
Cr3+ (367) + 3e- . Cr (S) Ea —_ _074 V Cd will oxidize Cr
Anode (oxidation): Cr(s) ™/ Cr3* (1 M) + X 2
Cathode (reduction) + Cd?* (1 M——Cd (s) X3
2Cr (s) + 3Cd2* (1 M) — 3Cd (s) + 2Cr3* (1 M)

F=14

anode

Ely= EZ

cathode ~
Ege//= -0.40 — (-074)
E2,=0.34V
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Spontaneity of Redox Reactions

el o pSpall ol lualing ge il 8 Wl S8l
AG 35 _al Al b il g Al delal

NG <0 DO ) Al Jelal) ¢ oS
NG >0 PO Sl e delal) g oS
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AG=W__ : ol lal ;s
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AG =-nFE,, n=number of moles of electrons in reaction

AG® =-nFEY, F=96,500 = 96,500 C/mol

V - mol
AGO =-RT7In K =-nFE"

cell

RT (8.314YK:mMql)(298 K)

0 =20 |0 K=
S 17 (96.500 3V-mol)
£o - 0.02;:)7v o

30



 Jelitll ¢ 25 0C Aa,al tie ¢ )5l il g L
< Fe2* (ag) + 2Ag () == Fe (s) + 2Ag" (aq)

£, = 20257V |y 4

Oxidation: 2Ag — 2Ag* + ,
n —_
Reduction: + Fe2* —— Fe

—_ 0 0
EV = EF92+/Fe - EAg"/Ag

Y = -0.44 — (0.80)

E0='124V K— ex Ege//xn _ -124 VX2
= %P1 0.0257 v | T ®*P| 00257 v
K=1.23x 1042
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AG =AG? + RTLn (Q) AG=-nFE AGO = -nFE®

-nFE=-nFE’+ RTLn (Q)

Nernst equation < U {ilzs

EF= EO__‘“
nFLn(Q)

At 298 K

o 0.0257
n

EF=

Ln (Q)
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<N [Fe?]=0.60 Mand [Cd?"] = 0.010 M?
Fe2* (ag) + Cd (s) /——=Fe (s) + Cd?* (ag)

Oxidation: Cd — Cd?#* + ,
n —_
Reduction: + Fe?* —— 2Fe

= 0 0
EV = EF92+/Fe — ECO’2+/Cd

EY=-0.44 — (-0.40) - po. 00257V -
F0=-0.04V & 0 016
- ~ 0.0257 .
E= -0.04 > =560
E£=0.013

E>0 Spontaneous
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Batteries

T

Paper spacer

Moist paste of
/ZnCl, and NH,Cl

Layer of MnO,
Graphite cathode

Dry cell

Leclanché cell

Zinc anode

Anode: Zn (s) — Zn?%* (aq) + 2e-

Cathode: 2NHj (ag) + 2MnO, (s) + 2 — Mn,0, (s) + 2NH; (aq) + H,O (/)

Zn (8) + 2NH, (aqg) + 2MnO,, (s) ——2Zn?* (aq) + 2NH, (aqg) + H,O () + Mn,O; ()
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Anode;:
Cathode:

Batteries

Cathode (steel)
Insulation Anode (Zn can)

Mercury Battery

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

Zn(Hg) + 20H- (aq) — Zn0O (s) + H,O (/) + 2e

HgO (s) + H,O () + 2e-— Hg () + 20H" (aqg)

Zn(Hg) + HQO (s)——Zn0 (s) + Hg (/)
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Batteries

Removable cap
Cathode

Lead storage
battery

" H,S0, electrolyte

o ~Negative plates (lead grills
filled with spongy lead)

Positive plates (lead grills
filled with PbO,)

Anode: Pb (s) + SO7 (aq) — PbSO, (s) + 2e-

Cathode: PbO, (s) + 4H* (aqg) + SO (aq) +2e- — PbSO, (s) + 2H,0 (/)

Pb (s) + PbO, (s) + 4H* (ag) + 2802 (ag) ——2PbS0O, (s) + 2H,0 (/

36
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Li

Li—> Li"+e¢

Anode

Batteries

Cathode

TiS,
Li*

Solid electrolyte

TiS, + e~ —> TiS;

Solid State Lithium Battery 7 10.6



Batteries

Anodc\( W/Cathodc A fue/ ce// iS an
H,—>» < O, .

' ' electrochemical cell
that requires a
continuous supply of
reactants to keep

Porous carbon electrode
containing Ni

Porous carbon electrode
containing Ni and NiO

functioning
Hot KOH solution
Oxidation Reduction
2H,(g) + 4OH (ag) — 4H,0(/) + 4e 0,(g) + 2H,0(/) + 4¢~ —> 40H (aq)
Anode: 2H, (g) + 40H- (aq) — 4H,0 (/) + 4e-
Cathode: O, (g9) + 2H,0 () + 4e-— 40H" (ag)

2H, (g) + O, (9) — 2H,0 () »

19.6



