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Rules:

» Work all problems to 2 significant figures

+ No lecture notes or books permitted

+ No word processing calculators

Time: 90 minutes

Show all work to get partial credit

Periodic Table, Tables of Physical Constants, and Conversion Factors included
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1. (10 points)  Suppose that the following redox couple is joined to form a galvanic cell that
generates a current under standard conditions. Identify the oxidizing agent and the reducing agent, write
a cell diagram, and calculate the standard cell emf.
Co™/Co and Ti*"/Ti*"
Co* +2¢” = Co(s) E,=-0.28V
TP +e > Ti  E,=0.00V
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E* = 000V ~ (0.27V) -

2. (2 points each)  The total world energy consumption is H Tw , which is increasing

0
at a rate of 5 /0 per year, corresponding to a doubling time of } H years.

Transportation accounts for 27 % of this energy use. A typical gasoline auto engine operates at a

maximum efficiency near _3 0 ~ 5o % , wasting much of this energy.
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3. (5 points each)  Consider the following chemical reaction (note: 6 electrons are transferred) as
a potential source of abundant clean energy for the world:

CH,OH({) + %Oz(g) — 2H,0(g) + CO,(g) A H® =726 kJ/mole
5° (H,O(g)) = 189 JK ™' mole™
§° (CO4(g)) = 198 JK ™' mole™

/)0( rf; o\[ ’ﬂres suves are l Bar §°(0y(g)) =205 JK ' mole™
S° (CH30H(0)) = 127 JK ' mole™

a) Calculate the maximum possible efficiency for using this reaction in an internal combustion engine
operating between temperatures of 2800K and 800K with a compression ratio of 15.

Te 00K
eff = |- — = |- — = 0.7IY
M, 2500K

7:.4%:

b) Calculate the maximum electrical work obtainable from a methanol fuel cell operating at 1000K.

wemaoc . AG = AH ~TAS
SV -QWK)(L (154 Vi K) 158 Yol 1¢

~ 127 U/m.,l k- %(7-05 S/molk}
= \'368 k-s/mol\

¢)  Calculate the maximum electrical power obtainable from the fuel cell above if it can produce a
current of 1.0 amperes.

P~ TE
NS (‘5’68 kZol)

- — = =50V
nF 6(36485 Yot
. KT (1 bar)t (1 bar)
E=E " e In R &:Wt => |uQ =0
=> [ = e

p=0A)(1s5v) = [3w]
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d) Calculate the maximum total work obtainable from this reaction at 1000K and 1 atm pressure
(hint: use ideal gas approximation).

WTof > Weee WVV
W,, = PaV = aukT = (IS mol)@.m Y ) (1000 )

22,6 K3/

WTo‘i‘ = -8 % ks/ml - lzg kfy/mO’ k \—ng kT/mJ

4. (5 points each)
a) Complete and balance the equation for the nuclear reaction:

232Am + (l)n - 2gng + 7+

ZH3 , + e +
ﬁSAW‘*O""a g Cm * ¥

b) Calculate the energy liberated in this reaction (kJ/mol). Use attached table.

Awm = Q_qq,o(,; u)(l.(,wsx /01_':5/“\ + 9,1643490 x/ﬂ_z'kj
- [(H}.osa( L 660S X g /) 4 /.67Hﬁzﬁx/0'z7kj]

A S e ™) )

l?_—/s 83507 x5/,
¢)  Write the balanced equation for o decay of gold — 183. Mo
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d)  Write the balanced equation for the ™ decay of uranium —233.
33 233 -
— *f
U 3 Vp
0o ~—
o | €

5.  (10+5+10 points)
a)  Determine the emf of the following cell (T = 298K):
Sn(s)|Sn**(aq, 0.277 mol-L™)|Sn*" (aq, 0.867 mol.L™), Sn**(aq, 0.55 mol-L™")|Pt(s)

Sn*t +2¢ = Sn E°=-0.136V
E°- 0150V - (»0. 134V> ~ 0,186V Sn** +2¢ = 8n**  E°=+0.150V

PO P
E = E - T _ IV\ ‘ W4
1F [Sw J

(n+ G0, ot 5, &2t

Q‘z'z?)@.ﬂ)

(S’. Ny T-K_' w\.'-r)( quk) , s —

= 0,256V~ —
2 (26uss Comol™) (0.77)

=> £ 43¢0 21V |

b)  Calculate the maximum electrical work that can be produced by this cell.
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AG=-nFE
A (ﬁ(, ugs Cmol " )( 0.31V)

A&’W
o Tl

¢) Calculate the equilibrium constant for the overall cell reaction.

!

K = nFE® z@cqss c-mol")(b.z%vﬁ
n - ‘RT c = =22.3

(%31 Yl ) (z%K)

T

—> [ 42x0"

6. (10+5 points)  The relevant half-reactions for the fully charged lead-acid battery (written as
reductions) are:

PbSO4(s) + 2¢" — Pb(s) + SOT (aq)  E°=-0.356V
PbSO,(s) + 4 H30" + 2e-— PbSOy4(s) + 6 H,O  E°=+1.685V
((H1=[S021=6.0M)

a)  Calculate the maximum electrical power available from this battery if a current of 120 amps is
produced at 298K.

E° = lexsy - (—(), zsgv) 72,041V
RT (5. W) CZ"'\S’\ /-l——-
g Q= g owve —  la[ ¥,
ERECE O T (gass) e

+ z-
AR,

m
1

22,156V

P:TE - QZOA) é»lSéV) > \Zé()\«/)

b) Estimate the energy equivalent (EE) for this battery (assume it is all Pb).



Chemistry 1B S’07, Exam I1 Name

26w -nFE < -7 (s Comi™ Y2050 V)

- L“C kT/VWoI pL

Hlék)’> Lol PL T
ool P [\ 207,24 U /|<j o)




