Honors Chemistry
Chapter 18 — Electrochemistry
Homework Answers: 2,6,10,16,18,20,30,58,60,64,72

2. Refer to Sections 4.4 and 18.1.

Remember that the oxidation is always shown on the left side of the cell notation. For part
(c), note that the Pt serves as an inert electrode and is not part of the chemical equation.

a.  Ag(s) > Ag'(ag)+e oxidation half-reaction
Sn*'(ag) +2¢ > Sn*'(aq) reduction half-reaction
Multiply the oxidation half-reaction by two, then add the two half-reactions together.
2Ag(s) > 2Ag'(aq) +2¢

Sn*'(ag) + 2¢” — Sn**(aq)
2Ag(s) + Sn*'(ag) + 26 - 2Ag’(aq) +2¢ + Sn*'(aq)

2Ag(s) + Sn*"(ag) - 2Ag'(ag) + Sn*'(ag) -
b. Al(s) - AP*(ag) + 3¢ oxidation half-reaction
Cu2+(aq} +2e" — Cu(s) reduction half-reaction

‘Multiply the oxidation half-reaction by two and the reduction half-reaction by three, then
add the two half-reactions together.



2A1(s) = 2A1(ag) + 6e”

3Cu*(ag) + 66 —» 3Cu(s) |

2Al(s) + 3Cu*(ag) + 66 — 2AI*(ag) + 6¢" + 3Cu(s)
2Al(s) +3Cu*(ag) - 2A1*(ag) + 3Cu(s)

Note: The cell notation should be:
Pt| Fe’, Fe** | MnO,, H" | Mn® | Pt

Fe''(ag) — Fe*'(ag)+e oxidation half-reaction
MnO,(ag) + 5¢ — Mn*'(ag) reduction half-reaction
MnO, (ag) + 5¢ + 8H'(ag) - Mn?*(ag)

MnOy(aq) + 5"+ 8H' (ag) — Mn**(ag) + 4H,0())

Balance electrons by multiplying the oxidation equation by 5, then add the two half-
reactions together.

5Fe’*(ag) — 5Fe*(ag)+ Se

MnO,(ag) + Se' + 8H (ag) —» Mn’"(ag) + 4H,0(])

5Fe*(ag) + MnOyg(ag) + 5¢ + 8H'(ag) — SFe*'(aq) + 5¢ + Mn**(aq) + 4H,0(/)
5Fe”'(ag) + MnOj (ag) + 8H'(ag) — SFe*(ag) + Mn*'(ag) + 4H,0(])

6. Refer to Section 18.1 and Example 18.1.

2I'(aq) = Lx(s) +2¢ oxidation half-reaction: anode
BryD) +2¢ — 2Br (ag) _reduction half-reaction: cathode

2I'(aq) + Bry(l) + 2e'— Ix(s) + 2¢" + 2Br "(ag)

2I(aq) + Bry(!) - Ixs) + 2Br (aq)
Pt|I'|L|| Bra| Br | Pt

. a:tode J_ £ _|_ catll;l):)dﬁ

)
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Ix(s), I "(aq) Bry(/), Br (aq)




10. Refer to Section 18.2 and Example 18.2.

AP Ni* AgBr  ClO;(acidic) F,
E (V) -1.68 -0.236 0.073 1.458 2.889
ox

The species with the highest E_, is the strongest oxidizing agent, thus:
A" <Ni** < AgBr < ClO; (acidic) < F,

16. Refer to Section 18.2 and Example 18.3.

Write the half-reactions and the associated redox potentials. When combining the half-
reactions, add the potentials to calculate £°. Bear in mind that multiplying a half-reaction
‘by a factor does not change that E° value.

a.  Pb(s) > Pb*(ag) +2¢ E: =0.127V
2[Ag'(ag)+e — Ag(s)] E,, =079V
Pb(s) + 2Ag"(aq) + 2¢ — 2Ag(s) + Pb*"(aq) + 2¢
Pb(s) + 2Ag"(ag) — 2Ag(s) + Pb*(aq) E°=0926V
b. 4[Fe'(ag) - Fe''(ag) + €] E: =-0.769 V
Oi(g) + 4H'(ag) + 4¢ - 2H,0()) E,,=1229V
4Fe’ (ag) + O4(g) + 4H (ag) + 4’ — 2H,0(]) + 4Fe’"(ag) + 4¢’
4Fe*(aq) + Ox(g) + 4H'(ag) — 2H,0()) + 4Fe**(aq) E°=0.460V
c. Reverse the Zn-Zn® reaction and change the sign of E° to obtain a positive £°(cell).
Zn(s) — Zn*(agq) +2¢ E: =0.762V
Cd*(aq) +2¢ — Cd(s) E., =-0402V

Zn(s) + Cd”(ag) + 2¢° — Cd(s) + Zn*"(ag) + 2¢"
Zn(s) + Cd*'(ag) —» Cd(s) + Zn**(aq) E°=0360V



18. Refer to Section 18.2, Table 18.1, and Example 18.3.

Write the half-reactions and the associated redox potentials. When combining the half-reactions,
add the potentials to calculate £°. Bear in mind that multiplying a half-reaction by a factor
does not change that E value.

a. 2[Cr(aq) - Cr'(ag)+e) E: =0.408V
Sn*"(ag) + 2¢ — Sn*'(ag)

E., =0.154V

Sn*'(ag) + 2¢ + 2Cr**(ag) —» 2Cr'*(aq) + 2e~ + Sn**(aq)

Sn*(ag) + 2Cr**(ag) —» 2Cr’*(aq) + Sn**(aq) E°=0562V
b.  Mn*(ag) + 2?;0(0 — MnOy(s) + 4H'(ag) + 2¢° E, =-1229V

2 - > 2H o
Hzoz(ﬂ‘ﬂ + (af.f) +2¢ —> 20(0 Ered =1.763V
Mn*(ag) + 2H,0()) + H,0x(aq) + 2H'(aq) + 2¢
— 2H,0(J) + MnOx(s) + 4H (ag) + 2¢"-
Mn**(agq) + H;0,(ag) - MnO,(s) + 2H'(aq) E°=0.534V

20. Refer to Section 18.2.

Write the half-reactions and the associated redox potentials. When combining the half-
reactions, add the potentials to calculate E°. Bear in mind that multiplying a half-reaction
by a factor does not change that E° value.

a.  Pb(s)+SOs"(ag) — PbSO(s) +2¢° E: =0356V
Pb**(ag) + 2¢° — Pb(s) E., =-0127V
Pb(s) + SO,”(aq) + Pb**(ag) + 2¢° — PbSO4(s) + 2¢ + Pb(s)
SO (aq) + Pb*(ag) — PbSO(s) E°=0229V
b.  4[%4Cl(g) + 3H,0()) > ClOs(aq) + 6H (ag) + 5¢7 E: =-1458V
5[04(g) + 4H'(ag) + 4 —> 2H,0())] EL, =1229V

2Cly(g) + 12H,0(7) + 50,(g) + 20H (aq) + 20¢
— 4CIO5(aq) + 24H' (ag) + 20¢ + 10H,0(J)

2Cly(g) + 2H,0()) + 504(g) —> 4C10;5(aq) + 4H'(aq) E°=-.0229V
¢. 3[40H{(aq) — Oi(g) +ZH0()) + 4e’] E; =-0401V
2[ClOs(ag) + 3H,0(/) + 6¢” — Cl(aq) + 60H (aq)] E., =0614V

120H (aq) + 2C10; (aq) + 6H;0() + 12¢
— 305(g) + 6H,0()) + 12¢ + 2Cl'(aq) + 120H (ag)
2C105(ag) — 30s(g) + 2CI(ag) E°=0213V




30. Refer to Sections 18.2 and 18.3 and Example 18.4.

If HCl is oxidizing one of the listed species, then the HCI itself must be reduced. Since the
CI' is already in a reduced state, the likely species to be reduced is H".

a. 2H'(ag)+2¢ — 2Hy(g) E, =00V
Au(s) - Au*'(ag)+3e E. =-1.498V
Au(s) +4ClI' - AuCly(ag) + 3¢ E, =-1.001V
Adding E,, to either E; gives a negative E°, thus HCI will not oxidize Au.

b. 2H'(ag) +2¢ — 2H(g) E,, =00V
Mg(s) - Mg*(aq) +2¢ E =2357V
Adding E_ to E,, gives a positive E°, thus HCI will oxidize Mg.

c. 2H'(ag)+2¢ — 2Hy(g) E., =00V
Cu(s) - Cu*"(ag) +2¢ E; =-0.339V
Cu(s) = Cu'(ag)+¢ _ E. =-0.518V
Adding E_, to either E, gives a negative E°, thus HCI will not oxidize Cu.

d. 2H'(aq) +2¢" — 2Hi(g) E. =00V
2F(aq) - Fi(g) +2¢ ~ E: =-2.880V

Adding E; to either E, gives a negative E°, thus HCI will not oxidize F.

58. Refer to Section 18.5.

2H,0()) +2e — Hy(g) + 20H (aq)
2CI'(ag) > Cly(g) + 2¢

23 _-
a. 0.288mol.e” x 6.022x107e =1.37x10%e"
1 mol.
4
b. 0288mol.e x22¥8X10C 5 50x10tC
1 mol.e
c. 0288mol.e ximokHz 20168 50 h

2mol.e’ 1mol.H,
1mol.Cl, y 7090 g

0.288 mol.e™ x
2mol.e’ 1mol.Cl,

=8.08gCl,




60. Refer to Section 18.5.

a. Calculate the volume and mass of gold to be plated out. Bear in mind that the gold will
be plated on both sides of the thin sheet.

2(1.5 in x 8.5 in X 0.0020 in) = 0.051 in’

(2.54cm)’ (1938 Au

0.051in> x-——— :
(1in) lcm” Au

=16g Au

b. AuCN(s) +e — Au(s) + CN'(agq)

1mol. Au . lmol.e” x9.648x10“C
197.0g Au  1mol. Au 1mol.e

78x10°Cx2 251 _11x10%s

1C  7.00A

-

1 min
1.1x10%sx
60s

16 g Au X

=7.8x%x10°C

=19 min

64. Refer to Section 18.5 and Chapter 5.

Use the ideal gas equation to calculate the moles of Hy(g) needed. Write the half-reactions
needed to derive the equation for the electrolysis of water. Then use the moles of Hx(g) and
moles of e to determine the current and then the time needed for the electrolysis.

__PV___ (0924am)10.00L)
RT ~ (0.0821L-atm/mol.- K)(295K)

2[ 2H,O() + 2¢ — Ha(g) + 20H(ag) ]
2H,0(7) — Oy(g) +4H (ag) + 4e
4[ H'(aq) + OH(aq) — H,0()) ]

2H,O(/) — O5(g) + 2Hx(g) (thus 4 ¢ are passed for each 2 moles of H;(g) produced)

- 4
0.382mol.H, x—mol-e” , 9.648x10°C _, 35510* C

2mol.H, 1 mol.e”

=0.382mol. H,

736x10° Cx 251 _613x10%s
1C 12.0A

6.13x10° sx Lm0 1hr . o0hr

60s 60min




72. Refer to Section 18.5.

Water is electrolyzed to form H, and O, (see p 496). Look for the box containing two
squares together (H,) and two circles together (O).
Box (c) represents the electrolysis of water.




