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CHMY 361 Exam 2 K E \/

Friday, Oct. 11, 2013, 7:55-8:55 AM Name

4 x 6 note card
100 points in 8 problems on 6 pages including tables A.5 and 7.1

Last. =

For full credit show all work and put correct units on final answers. \owe = —"or—=or ==
is not needed may be present in some problems.

Please Read: If you get a quantitative answer that is many powers of 10 from what vou trmk = smcas
be and cannot find the error, you will be rewarded for pointing out apprc-zmze;j. AT
expected and why. You will be penalized by 25% on a problem for sign and uni ov>»< zax 223
to unreasonable results if you do not say why it is unreasonable.

(15 pts) 1. Calculate the equilibrium constant for the reaction NH3(aq)---> NHs(g) a1 298 X z=C =2
373K using the data from Table A.S.
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(10 pts) 2. Calculate AsS? for H,O gas at 298 K using the data in Table A.5.
RQc}c_fva’\ t 5 (7-*2(3\ + ’/2 Oz/j) —
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(10pts) 3. A liquid evaporates into a space that was initially a vacuur. 2~ = = isolared s+

Y
l/‘

{
¥
M

eventually comes to equilibrium. Tell whether the following are posiZve. zew. o
negative. Give a brief justification for each of vour answers. If i is oot possizie
unequivocally know the answer for any of these, indicate this and sav whv.

Q0 wo AT=— AUOQ AH+ AS+ AGS AS._. £ AS.. +

L4

K%Q.\"\c&t& WAL ewm & %) L»\J) D= o/ anwd ASqurr =
h\_\ - A‘J + ﬁ;{?v‘g] — -+ (? \n(rausa-)
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ASonmv = + & T L"*(’Pe“f’

Aé’: A\-\-—'TA$ Carmin ot +e\l & \\e\ ST
L -+

(15pts) 4. (a) If during an isothermal process at 300 K and peyx: = p = constant, the svsier s s&& =&
have AS = -40 J/K, q =-10 kJ and wgher = +400 kJ of non-PV work, What is AG™

AC)— - ‘—TA%UNLV + Wotkaa
S - - -~ — —\0Qo = 3 J I
ANCPRIP . /T _%%i " 3

A%UNN R A - A 3"‘7 ‘TS,&»

'lCr - - (9_, so\&7y + Hooooo ¥ 2

=~ 42100 + YEO 000 ~ @_'Z;ig,w{mi{

|

(b) Is this process spontaneous or is it fictitious? Explain your answer.
Fietitioos . ASune < 0 NOT TOSQ'L\/Q
A
\

<7)/¢f AG >0 s Juveleveul undev thase ¢oweddit . /\

Page2 of 6



e s

‘\, \ €
(10 pts) 5. Given that: dU =-PdV +TdS Jdu ‘-( _é.U) Y -H* 2V d S
<

= EXIN
(a) What is the pdrtial derivative of U with respect to S at constant V?
L

(b) What is the partial derivative of U with respect to V at constant S?

(2)), = -°

(c) what is the partial derivative of T with respect to V at constant S?

;;T _ ._'_SDX
(’5’\7 < IS )y

(15 pts) 6. For the ox1dat10n of NADH to NAD" by O,(g) to give H20(/):

(a) From Table % 1, what is &' for this reaction? _ .
NADY + H+-Q—Ze — Nwapitt O:%Z‘—f/ ;.fn\Q
Oz*‘*ﬂ*-ﬂr e -~ z4H20 -+ 0O.,RIS ek

2 & Eoy = D815 — 032 =(A/39 v |

(b) Balance this equation any way you hke (as long as it is balanced).
rewme tlhe Hirat » m
INADH —> 24AS o ke
I B + Mo O J—ZH
R /4 — ZU&,; + ZTHP
2 NP-} DH + Dz +/TH

ne K

(¢) Calculate AG" for your balanced equation.
n- v mal _
_ seo Coul /- [3? “‘737600
A== FE = (-4 )7 “et ’“Tj
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(10 pts) 7. One can read that the adge orf the ar—ospoere o Earh 1s at an elevation of 100 miles above

sea level. According 1o the Boitzmaza Sistmoetion what is the ratioﬂ of pressures at 100
miles to that at sea level.

Assume ha: the graviiationai cosstant is constant out to that
distance and the average :eperarore s 230 K Use a ratio of degeneracies that is g( 100

mi) g(sea levely = 1.03 (here is 3% : more space 100 miles up» IS
_ — M 3 h Oczqr;7o~9'/él><'0”'
2 3 Ta =
F/eo -

—_ /’F’ 2.5
e Tl G
Po jo J

(15pts) 8. For the reaction, NH, (aq) + OH(aq) --> NH;(g) + H,O(l)

(a) Write Q for this reaction, assuming non-ideal behavior of all reactants and products

@ = \/m& NH-—3 u.}.<\'\'7_0
], (o0
Nu¢

(b) If at equilibrium the concentrations of NH;'(aq) and OH'(aq) are both 0.1 M, and their

activity coefficients are both 0.8, the partial pressure of NH3is 0.2 bar and ideal, and the
activity of water is 0.95, what is AG"?

,< (o2 2\ (0 3s)
(0.8} (0-D)*

ACS; »\ZT‘V\(Q

— 2.9.64

*(%-73\\*< T \g\‘zq%q \r\,'L"{-é‘?
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TABLE A.5 Inorganic Compounds* (cont.)

2,6 tkdmol 7
L LsBETT
-56.9 -527.81
27.23 T e
87.40 ~742.2
}30.79 ) I E 0 »"E
188.93 —228.73
6991 . Y .a23713

0 ' 0
143.9 -134.03

293.8 —653.37
™2 e

192.56 C16.78)
-79.31

115.5 -393.13
205.25

:.::;~._ 904 o
31.80
-~ —305.72 256.87 37192

* Standard thermodynamic valoes at 25°C (298.15 X) and 1 bar pressure. Values for ions refer 1o an agueous solution at unit
activity oa the molarity scale. Standard enthalpy of formation, A.H®, third-law eatropics. §°. and standard Gibbs fres energy of
tormation, A:G°, are given, .

+ The siandard state for all ions and for species labeled (@) is that of a solute on the molarity scale.

(Data from The NBS Tables of Thermodynamic Properties, D. D, Wagman ¢t al., eds., J. Phys. Chem. Ref. Data, 11,

Suppl. 2 (1982), corrected to | bar pressure.)
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TABLE 7.1 Standard Reduction Electrode Potentials at 25°C

Oxidant/Reductant

K~ /K
Ca’*/Ca
Na“/Na
Mg** /Mg
Mn®* /Mn
Zn?t /Zn

Acetale/ acetaldchyde

Fe?' /Fe
H™/H./Pt
CO,/formate

Ferredoxin

FMN(Mitochondrial

complex I}

Gluconolactone, glucose

L-cystine/L-cysteinc

Fe'* /Fe

Acetoacetate/
B-hydroxybutyrate
NADP™/NADPH

GlutathioneSH
FMN/FMNH,,

FAD/FADH,

Acetaldehyde/ ethanol

Pyruvate/ lactate

Oxaloacetate/ malate
FAD/FADH,(Complex 11)

Fumarate/ succinate

Myoglobin
Ubiquinmié

Dehydroascorbate/

ascorbate
AgCl/Ag/Cl™
Cytochrome ¢
Calomel
0./H;0,

Mo 02/!4’20

NADP™ = H* + 2¢' —NADPH

Electrode reaction

K" +e —K

Ca’™ + 2¢” —Ca

Na~ + e  —Na

Mg®" + 267 —> Mg

Mn®™ + 2 — Mn

Pn°” + 2e” —Zp

CH;COQ~ + 2¢~ + 3H' — CH,CHO +~ H,0
Fe**+ 2¢” > Fe

2H™ + 2¢” > H,

COs(ag) + H™ + 2¢~ — HCOO"
Fd[Fe’~| — Fd[Fe®' |

FMN + 2H' + 2¢~ — FMNH,

C(,HmO(, +2H" + 28—-’C6H1306
L-cystine + 2H* + 2¢~ — 2 L-cysteine

Fe'™ + 2 —Fe

CH;COCH,COO™ + 2H™ + 22~ — CH;CHOHCH,COO™

NAD® + H™ + 2¢ — NADH

[ J—

GSSG ~ 2H™ + 2¢~ —2GSH

FMN + 2H™ + 2¢” — FMNH,
FAD + 2H" + 2¢” — FADH,

CH;CHO + 2¢” + 2H™ — CH;CH,OH
CH;COCO0™ + H* + 2¢ ~— CH,CHOHCOO™

Y
-2.931
-2.868
-2.71
-2.372
-1.185
—0.7618
-0.103
-0.447

-0.181

-0.037

+0.221]

"OO0CCOCH,COO™ +2H™ + 2¢~ — "OOCCHOHCH,CO0~

FAD™ + 2H" — 2¢~ — FADH,

“OOCCH==CHCOO~ + 2H* + 2¢~ — ~“O0QCCH,CH,COO~

Mb[Fe?*] + ¢~ — Mb[Fe*]
UQ + 2H™ + 2~ — UQH,
DHA + H* + 2¢” — Asc™

AgCl + e~ > Ag + CI”
Cyt-c[Fe*"] + ¢~ — Cyt-c[Fe* "]
Y2 HgoCly + ¢~ — Hg + CI”
0, + 2H™ = 22~ — H,0,

O, + 4 [+ fe— 2Hd

+).268
+0.695

+/.229

£ (V) pH7)

-0.414
-0.409
-0.395
-0.380

—0.345
-0.355

-0.346

-0.339

-0.324

e et et

TT0.240

-0.213
0212
-0.193
-0.184
-0.158
-0.05
+0.045
+0.046
+0.052
+0.080

+H).254

+0.281

{continues)
+0.8/s
Page 6 of 6



