Chemistry 431
Practice Final Exam
Fall 2023
2 Hours

R =8.3144 J mol~! K1
R=.0821 L atm mol™! K™!
R=.08314 L bar mol~! K1
k=1.381 x10~% J molecule 'K!
h=6.626 x10734 Js
N4 = 6.022 x 10* molecules mol™*
F=96485 C mol~!
9=9.8 m s72
1 atmosphere = 1.01 bar = 1.01 x10° N m~2
1 kg = 1000. g
1L =10 cm?
102cm = 1m
o=A4mr* V= (4/3)mr3
T=t+4+273.15
l+z+22+2°+...=1/(1—2) |z|]<1

Each question is worth 33 Points. Writing your correct name on the cover and
on all pages with work is worth 2 points.

Name:



1. Calculate ¢, w, AU, AH and AS when 3.50 moles of an ideal monatomic gas initially at
a temperature of T; = 298 K and a pressure of P, = 1.00 bar are taken though the following
two-step process: 1) the gas is compressed adiabatically and reversibly until the volume
is 0.750 times the initial volume, and 2) the gas expands adiabatically against a constant
external pressure of 1.00 bar until equilibrium is reached.

Name:



2. Show that
U\ __ CyP
or ), T(OP/OT)y

and evaluate the expression for an ideal monatomic gas.

Name:



Name:



3. Solid sulfur occurs in two crystalline forms, rhombic and monoclinic. The solubility
of rhombic sulfur in CCly) is 0.262 molal at 298K. Given A, ,,,G* for the reaction

Srhombic ? Smonoclinic

is 96.1 J mol~! at 298 K, calculate the molal solubility of monoclinic sulfur in carbon tetra-
chloride at 298K. You should assume both solutions are sufficiently dilute that the solutes
obey Henry’s law.

Name:



4. At a total pressure of 4.00 bar, it is found that the degree of dissociation « for the
gas-phase process
NQO4(g) # 2N02(g)

is 0.140 at 298K and 0.200 at 308K. Assuming the standard enthalpy change for the reaction is
temperature independent, calculate A, ,, H < A, U, A, ,,G< and A, ,,S for the reaction
at 298K.

Name:



Name:



5. At 298K the EMF of the cell
Cd(s)|CdSO4(s)|SOZ(_aq)(a = 0.753)||Cl(_aq)(a = O.215)|Clz(g)(P/Po = 2.50)|Pt(5)

is 1.652 V. Given the half-cell potentials of the chlorine and cadmium sulfate electrodes to be

respectively E¢y— cy,/py = 1.35827 V and E;oj*/0d504/od:'0'246 V, calculate the fugacity

coefficient of the chlorine gas in the cell.

Name:



6. The enthalpy of vaporization of rubbing alcohol (liquid isopropan-2-ol, CH;CHOHCHj3)
is Aygpm= 44.0 kJ mol~!, and the vapor pressure of rubbing alcohol is 5.79 x10~2 bar
at 296 K. A 10.00 L tank fitted with a frictionless piston contains excess liquid rubbing
alcohol in equilibrium with its vapor, and the assembly is immersed in a heat bath at a fixed
temperature of 308 K. The piston is compressed isothermally against a constant external
pressure of 1.00 bar to a final volume of 5.00 L. Calculate ¢, w, AU, AH, AS and AG for the
compression process.

Name:



(092) (652) (8S2) (282) [€4512) (162 (8¥2) (Zv2) (€vT) 0v2) 8¥0°LEC 620'8€C 9e0'LEC 8€0°¢eC
J7 |ON|PN|Wwd4|[s3 |40 |qg |wo|wy | nd (AN | N |ed |yl
€0l 20l 10l 0ol 66 86 16 196 S6 6 £6 26 16 06
196'vL) Y0'€LL €6'891 9¢° L9} 0€6'v9L 05°29) G26'8G) SC'LG) S96°CS | 9¢°0G} (SyL) vevvl 806°0% 1 SLLOvL
N7 |gA|wL|43 |oH |AQ |qL |pD N3 |wS|wd|PN|id | 8D
L 0L 69 89 29 99 S9 9 £9 29 19 09 69 89

(v62) & (¢62) (88¢2) (682) (¥8¢2) (S8¢2) (¢12) (182) (99¢2) (59¢2) (292) (€9¢2) (292) (19¢2) 8¢0°Lcc G¢0'9¢¢ (€22)
onn(snnjynnjdnnbnnjinnjgnn| 64 [ sa | IN [SH (ug |Bs |aa | o | oV |ey | 14 |
8Ll L) oLl Gl 142 el 445 Ll oLl 601 801 201 90} S0l ¥0l 68 88 18
(cee) (012) (602) 86'80C ¢'L0C £€8€70C 65°00C 196961 8056} [444 €206) 102981 8'€8l 876081 6V'8LL 906'8€} leelel S06°¢cel
uy |Jv (od|!1g9 |dd | IL [BH|nV [3d | 41 [SO|®d | M |BL |JH |eT1|eg |sD |
98 S8 8 €8 28 18 08 6/ 8. 1L 9/ S/ V. €L 2. PAS] 9S8 Sg
621l ¥06'9¢} 09'/¢) 9/.°1¢) 01281 818Vl LiveLL 898°20} ¢v90l 906°¢0} 010} (86) ¥6°G6 906°C6 el 650688 ¢9'/8 8/9¥'G8
@X | | |@L|(gS|us | u]l [PD|BV |Pd | |NY |OL [ON|GAN|4Z | A (IS |OY |
12°] €S 2s 1S 0S (24 8y VA4 9% 14 144 194 (44 54 [0)4 6¢ 8¢ 1€
08'€8 066 96'8. 916 19°¢L €2¢.°69 6€°G9 9v5€9 €69'89 ¢CE6'8S L¥8'GS 18€6'YS 1966°LS S1v6°0S 88'LY 6556 v 8.0°0% £860'6€
M (19 [9S SV @D |eDQ |UZ IND [IN |[OD |®SJ |UN (41D [ A [ IL |9S |BD | M |
9¢ ge e €e 4% Le 0¢€ 62 8¢ 12 92 S¢ 144 £2 (44 ¥4 02 6l
86 6€ 12S¥'Se 990°CE 8€/6°0€ §580'8¢C §186'9¢ (g¢e) (gl) (g8) (g8) (g8) (g2) (89) (g9) (av) (g¢g) S0Eve 8686°CC
.h< —o w m —w —< cl L oL 6 8 yA 9 S 14 € mE mz €
8l Ll 9l Gl E.. el Zl Ll
1611°0¢ 86681 666Gl 2900t} 110°¢h 11801 81¢10'6 169
°N|  4d |O| N | D | 8 °q | 17 |¢
ol 6 8 L 9 S 14 €
92007 (72 V9] IS X572 veE) Ve) 600}
w—l— Ll 9l Sl 14 €l 4 —I— 1

@ 3

(V8) V1)

8l l
ﬁﬁ.ﬂmH uﬁOﬁ—m ﬁﬁ.ﬂmH uﬁOﬁ—m
d0 ALISYIAINDN d0 ALISYIAINDN
=== SJUSWS|] 8y} JO 9|ge] JOlpousd i
BEGEEHiageas . . BEGEEHiageas

_l‘o..l-

10



Scratch
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Scratch
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