Problem Set #9 — Chemistry 102 — The last one for 2008
Due Wednesday April 23:aat the beginning of lecture
Problems from Whitten: Ch. 4; #’s 41, 69 & Ch. 11, # 57, Ch. 21 #’s 51, 67, 103

Whitten Problems:

4.41: 2. +2, +3, +4, +4 -2 -1, +3, +5
b. +2, +4,0, -2, -2, +4, -1

c. -2, +4, +6, +2, +2.5, -2

4.69: a. redox: Zn is reducant, CoCl; is oxidant
b. not redox

c. redox: HCl reductant, HNO; oxidant

d. redox: CO reductant, Fe,O, oxidant

11.57:a. 3 P, + 20 NO, + 20 H" + 8 H,O ] 12 H,PO, + 20 NO
b. 5 H,0, + 2MnO, + 6 H" ] 50, + 2Mn*" + 8 H,O

c. HgS + 4 Cl + 4 H" + 2NO; [1 S + HgCL* + 2NO, + 2 H,0
d.2HBrOJ 2Br + O, + 2 H"

2151: Standad Redudion Potentials are 1.455V for the PbO,(s)/Pb(s) couple, 2.87V for
Fo(g)/F, 3.06V for F»(g)/HF(aq), and 1.77V for H,O,(aq)/H.O(l). Unde standad state
conditions (a) which isthestrongest oxidizing agent, (b) which oxidizing agents(s) could
oxidize lead to lead(1V) oxide, and (c) which oxidizing agents(s) could oxidize fluoride
ionin an acidic solution?

(a) The strongest oxidizing agent is the species that is most easily reduced, ie., the one with the
most positive reduction potential. F; is the strongest oxidizing agent.

(b) F; and HO; are stronger oxidizing agents than PbO;, so they could oxidize Pb to PbO;.

(c) None of the oxidizing agents listed here could oxidize F~ to F(g) in acidic solution.

2167: Conallt atable of standad redudion potentials, and determinewhich of the
following reactionsare spontaneousunde standard €l ectrochemical conditions

(@) E° (V)
reduction 2H* + 2 — H> +0.00
oxidation Mn — Mn2* + 2¢e— ~-1.18)
overall 2H* + Mn — H; + MnZ* EPrap = +1.18V

E°qaq is positive, so the given reaction would be spontaneous under standard conditions.



(bl E% (V)

reduction (AR + 3~ —— Al -1.66
oxidation 3(Hy —— 2H* + 2e7) 0.00
overall 3Hy + 2413 —— 6H* + 24l Efpa = -1l.66WV
E%an 15 negative, so the given reaction would not be spontaneous under standard conditions.
(c E® (V)
reduction 2AC(OH); + 3¢~ — Cr + 30H?) -1.30
oxidation 3(2F- — F2 + 2e7) -2.87
overall 2Cr(0OH); + 6F- —— 2ICr +3F; +60H- Egqp = 417V
EPan 15 negative, so the given reaction would not be spontaneous under standard conditions.
(d) E® (V)
reduction Cly + Ze= —— 2ICI +1.36
oxidation 2Br- —— Brx + 2e— —(+1.08)
overall Cly + 2Br- —— 2CI" + Bn Efan = +02BWV

21.103: Use tabulated redudion potentials to calculate the equilibrium condant for the
reaction:

21"+ Bry(g)! Ix(s) +2Br

E® (V)
reduction Brx + &= —— 2B 1.08
oxidation A- — I + 2 —0.535)
overall 21- + By — I + 2Br Ea = 40545V
O (2mol e')[as. 500 %’:m_sﬁw

K = Jamole S = 42.45

18.314 |(298K)

\ mol- K

F=et2ds _27x10"

la. Assuming that sulfide is not reactive with hydrogen ions, calculate the saturating
(equilibrium) concentration of Fe*' in water exposed to an excess of FeS.

— — -15 _ - 2+
K, = (5)(s) = 48x 10"  §=69x10" M Fe

b. At pH 11, 11% of total sulfide in solution will remain unreacted with protons — that is as
S*. What would be the saturating concentration of Fe*" in a solution at pH 11 exposed to
FeS.



Now, [$*] = (0.11)(s) and K, =48 x 105 = 0.11s> s =21x10"M

c. At pH 3, most sulfide (S*) reacts with protons to create H,S and HS". Only 1 part in 10"
remains as S” in solution (the rest has largely been converted to HS and H,S). What
concentration of Fe’" will exist in a solution at pH 3.0 that has come to equilibrium with
solid FeS?

Likewise, [S] = (10")(s) and K,=48x 10 =(10"%s> s=022M

2. For each of the following:

a

| o) + SO3” (e " I'a) + S04 ()
0 4 -1 6

OX. red.

L+2e" 21I

SO:% + H,0" SOZ+2H"+2e

o) + SO5 (@ + H20p) " 2l (ag) + SO4” ey + 2 H (g
+2OH" +2OH"

o) + SO (a) + 20H oy " 2l'agy + SO4” (e + H20 ) basic

Cr207 e+ CoHeOwy"  Criep+  CoHaOua)
7 22 3 0

OX. red.

Cr,0/ + 14H" +6€ " 2Cr* + 7H,0
CHsO+H,O" CoH4O, +4 H"+4¢€

2 Cry07% (o) + 3CoHeOg) + 16 H oy " 4 Cr¥* (g + 3 CoH4O2a) + 11 H20y

NOs@)+  CeHi1206@g) " N2O() + COz)
5 0 1 4

OX. red.

3 2NOs +10H"+8¢ " N>,O+5H,0]
CeH1206 + 6 H,O" 6 CO,+ 24H" +24¢€

6 NOg_(aq) + CsH]_gOs(aq) +6 H+(aq) "3 NzO(g) + 6 COz(g) +9 HzO(|)



2e_ n
AH2
N N T
Fe(s) D g h N
Pt(s)
OH’
Fe**
Anode Cathode
Ei= 044V Eij=-0.828V
b. E°=0.44V + (-0.828V) = -0.388V
4.a. | haveundelined theionstha are present in themixture
Cr¥a+2€" Crg Ejrea =-0.91V
Crife +€" Cri Eirea =-0.42V
CUa) + €" CU'() Ejrea = +0.15V
Q' +2€" Cuy Eired = +0.34V
lag+2€" 21 Ejred = +053V
C|_O§:(aq) +6 H+(aq) +6e" C|_(aq) +3 H20(|) Ejreq =+147V
b. There arefour possible redox reactions
i. Cr®* reduces Cu?*to Cu*
ii. Cr** reduces Cu?* to Cu(s)
iii. Cr* reduces ClO5

iv. I'reduces ClOs
C.Cr¥@) +Cu¥ " Crieg+Cu"
E°n=0.15V +0.42V = 057V
AG® =-(1)(97485 C)(0.57 V)(0.001 *'/;) = - 56 kJ

2Cr* @ +CU " 2Cr¥g + Cug



E°n =034V +0.42V =076V
AG® =-(2)(97485 C)(0.76 V)(0.001 *'/;) = -147 kJ

6 Cr** (e + ClOs () + 6 H ()" 6 Cr¥(og + Cl'q) + 3 H20y
E’y=+1.89 V
AG® =-1094 kJ

6 1°ap) + ClOsa + 6 H (" 312 + Cl'(g) + 3H20)
E°ry =40.94 V
AG® =-544 kJ



