In Class Exercise for Chapter 20 — Electrochemistry

For the following four voltaic cells under acidic conditions (pH = 5.00 unless stated otherwise):
a.) write the short form of the cell
b.) write the balanced equation
c.) state which half reaction is the cathode and the anode
d.) state the species which is oxidized and reduced
e.) state the species that is the oxidizing reagent and reducing reagent

f.) determine the standard emf, E_,,
g.) determine the emf, E_, , for the given condition at 25°C

h.) is the reaction spontaneous?

1) ZnZ, —>Zn, E°=-0.7628V

(aq)

MnO,,, —> MnZ,  E°=1.491V
Zn¢,(0.4900M ) [MnO,, (0.6000M), M, (0.7500M) Pt

a.) short form: Zn,, | Zn .. (aq)

b.) balanced equation:

5(Zn ) — Zngy, +2¢)

2| 8H;

(aq) 4(aq) (aq)

+2

+MnO,,., +5¢ — MnZ +4H,0
| —
+7 R

-6

5Zn,,, +16H:,, +2MnO;, ,, + 186 —5ZnZ, + 106~ +2MnZ, +8H,0

(aq) (aq) (aq)

+ - 2+ 2+
SZn(S) +16H(aq) + 2MnO4(aq) —57n @ T 2Mn(aq)

+8H,0

c.) the cell is written in terms of electron flow: anode — cathode
Zn, — Zng,, +2e"  anode

(a0)
8H,,,, + MO, ,,, +5¢~ — Mn?; +4H,0 cathode

(aq)
d.) oxidized species is Zn goes from 0 — +2

reduced species is MnO,,,, : Mn goes from +7 — +2

e.) oxidizing agent: the one which is reduced MnO

reducing agent: the one which is oxidized Zn,)
f.) Standard emf

Zn,, — Zng;, +2e E°=—(-0.7628V)
8H ) + MNO; ) +5¢” — MnZ, +4H,0 E°=1491V

4(aq)
=0.7628V +1.491V =2.2538V ~ 2.254

4(aq)

EO

cell



+ + 2
0.0592, [ [Zn*T[Mn*" ]
log

n [MnO; T [H']*

there are actually 10e-'s which travel from the anode to cathode as determined from the
balanced equation - therefore, n = 10 the only reagents that are not under standard
conditions are Zn*" and MnO), therefore they are the only ones which really effect our

g) EceII = EO

cell —

E.. (if all reactants were 1 M then our emf would be standard E Eg..)- Also, we

cell —
place the product, Zn®", concentration raised to the power of its molar coefficient, 5,

over the reactant concentratlon, MnQO, , raised to the power of its molar coefficient, 2,
inside the log of the Nernst equation. Finally we include the pH as given from above.

00502 [[zn*TF[Mn* T

E., =E. log

cell cell — n [MnOZ]Z |:H+ }16
E_, = 22538V - 0.0592 [0 49007°[0. 7500]6
10 [0.60001°[10° |
EceII =1.788V
I.) Since E,, > 0the reaction is spontaneous
2.) Nl(aq) — Ni, E° =0.23V
2H(aq) - H2(g) E° =0.0000V

a.) short form: Pt

| Hea (0.1500M )\Hz(g) HNl(aq)(0.25OOM )\Ni(s)

b.) balanced equation:

2+
Ni,,, +2€" — Ni

Hog —>2H G + 2e

(aq)

2+ H +
Nl(aq) + Hz(g) - N| +2H(aq)

c.) anode and cathode:
Nij., +2e~ — Ni,, cathode

.
2H ) +2¢ —>H2(g) anode

d.) oxidized and reduced reagents:
Ni%* is reduced from 2 — 0
Hz is oxidized from 0 —»+1
e.) oxidizing and reducing agents:
Hz is the reducing agent since it is oxidized
Ni2* is the oxidizing agent
f.) standard emf



Ni2+

ap +26° — Ni,, E°=0.23V

H,qg —2H, +2¢7 E°=0.0000V
Eg, =+0.23V
, 0.0592 [H*]2
%) Ean =Eea - n Iog[[Niz+]j

This time there are 2e-'s flowing from anode to cathode - n =2
2
_ 0.3y 0:0592 log [[0.1500] J

EceII
2 0.2500

E. =026V

cell

h.) it is spontaneous, E’, >0

cell

3) 5,04, — 250, 201V

ngz(*aq)—>2Hg(,) 0.80V
Hg, [Hg3) (0.2500M)S,0%

a.) short form: Pt 2(aq) 3(aq

(0.0300M), SOZ, (0.2000M) Pt

() 4(aq
b.) balanced equation:

S,0%.. +26" — 2502,

8(aq) 4(aq)

2Hg), — HO3(q + 28

2+

$,0870) + 2Hg,, = SOZ) +Hg

2(aq)
c.) anode and cathode:
S,0paqy +26~ — 2805, cathode

2Hg,, — Hg;. +2¢" anode

d.) oxidized and reduced reagents:
S is reduced from +7 — +6
Hg is oxidized from 0 — +1
e.) oxidizing and reducing agents:
2Hg, is the reducing agent since it is oxidized

S,0zq is the oxidizing agent
f.) standard emf

S,0paq +26~ > 280;,,, E =201V

+2¢° E"=-0.80V

2Hg,,, — Hg,

+
(aq)

E. =121V

cell

o 0.0592 SO ][Hg%
g) EceII = Ecell - Iog{[ ! ][2792 ]j
[S,05 "]



This time there are 2e-'s flowing from anode to cathode - n =2
0.0592 log [0.2000][0.2500]
[0.0300]

E. =121V -

cell

E.., =1.203V ~1.20V
h.) it is spontaneous, E2, >0

cell

(aq)

4) Mg’ - Mg, -237V

3+ 2+
Cog,y — Coy 181V

a.) short form: Mg,

Mg, (0.5000M )| Cofs,, (L.5000M ), Cof, (0.6000M) [Pt
b.) balanced equation:

Mg, = Mgy +26

3+ - 2+
Co(aq) +e - Co(aq)

Mg, +2Cop,,, = Mg(s, +2Co;

(aq) (aq) (aq)
c.) anode and cathode:
Mg, — Mg

(aq)

+2e” anode

3+ - 2+
Co,y +& — Co,, anode

d.) oxidized and reduced reagents:
Mg is oxidized from 0 — +2
Co is reduced from +3 — +2
e.) oxidizing and reducing agents:
Mgs) is the reducing agent since it is oxidized
Co®* is the oxidizing agent
f.) standard emf
Mg, — Mg, +2e~ E°=—(-2.37V)

(aq)

Cogy +€ —Co,y E° =181V
Eg, =+4.18V
o 0.0592 [Mg*][Co* ]
g) Ecell = EceII - Iog[ [C03+]2

This time there are 2e-'s flowing from anode to cathode - n =2
0.0592 log ([0.5000] [0.6000]2 j

E 2
[1.5000]

=418V -

cell

E., =421V
h.) it is spontaneous, EZ,, >0

cel

cell



