Chemistry2000BSpring2002Assignment Solutions

1. (a) Thereactionis

15
CeH5COOH(S) + ?OZ(g) — 7C02(g) + 3H20(|).
Therefore
o o o o 15 o
1
= 7(—393509) + 3(—285830) — (—384.8) — ?5(0) kJ/mol
= —3227.3kJ/mol.
1.004 B
NCsHsCOOH = W?;}gm = 8.2237x 10~ 3mol.

S.q = nCGHSCOOHAI-T" = (8.2237x 10‘3mol)(—3227.3kJ/moI)

= —26.540kJ.

(b) No. A bombcalorimeteris a constantvolumedevice. The heatproducedat constant
volumeis notnecessarilyhe sameasthe heatat constanpressure.

2. (a) Thedensityof wateris aboutlg/mL. Sincegingerale won't have exactly the same
densityaswateratthe sametemperaturethereis no point usinga moreaccuratevalue
thanthis. Accordingly, 300mL of gingerale weighsabout300g. If thereis no heat
exchangewith theroom,we have

_0 = gingerale n glass n ice
9=y = coolingto 4°C coolingto 4°C warmingto 0°C

n ice n meltedice
melting warmingto 4°C

= (300g)(4.18JK g 1)(4—30°C) + (94J/K)(4—30°C)
+Mce(2.06JK~1g™4) [0~ (=5°C)] + mce(3331/9)
+Mice(4.18JK g™ (4—0°C)
= —35048]+ (360J/g)Mce.
S.Mee = 970.
(b) Eachice cubehasavolumeof (2.7cm)3 = 20cm?®. Sincethedensityof iceis 0.917g/cm®

(p 32 of the textbook), this corresponds$o 189 perice cube. You thereforeneedfive
ice cubesto coolyour drink. Hopefully, your glassis large enoughfor this!



(c) As yourdrink beginsto cool belov roomtemperatureheatwill tendto flow from the
surroundingsnto yourdrink. It will thereforebenecessaryo addslighly moreicethan
calculatedabove.

3. (@

AG® = AG?(COClz)_AG?(CO) _AG?(CIZ)

= —2046— (—137.168) — 0kJ/mol = —67.4kJ/mol.
K = —AG®/(RT)

— €

. 67.4 x 10°3/mol

— P\ (8:3145100K Imol 1)(29815K)
= 6.51x 10"

(b) Theequilibriumconstanis enormoussothereactionwill proceeduntil justaboutall
of the limiting reagent(chlorine)is usedup. Accordingly, the equilibrium pressures
of COCh andof CO are0.25and0.15atm, respectrely. The equilibrium pressureof
chlorinecanbe calculatedrom the equilibriumrelation:

K — acoch
(aco)(act,)
nag, = oc0Ck _ 025 —26x1012

Kaco (6.51x 10'1)(0.15)
Theequilibriumpressuref chlorinegasis therefore2.6 x 10~ 12atm.

4. Thereactionis

1
°~ aco®

Thereareat leasttwo waysto solve this problem:

For thisreaction,

(a) ThereactionbecomespontaneoushenQ < K. We cancalculateK asfollows:
AG" = AG(rgco)s) ~AGt(reg — SAGt o)

= —7053-0-5(—137.168kJ/mol) = —19.5kJ/mol.
K —AG®/(RT)

_ ;p ( 19.5x 10°J/mol )
(8.314510JK —mol-1)(298 15K)
= 257x10°.
- (aco)® > m =3.90x 1074
s.aco > 0.208



Thereactionthereforebecomespontaneous’/henPco > 0.208atm

(b) The reactionbecome$pontaneouwhenAé< 0. SinceAG = AG° +RT InQ, spon-
taneityrequiresthat

AG® < —RTINQ.

Therestof the calculationsareidenticalto thoseusedin thefirst approach.

5. Solid bariumsulfatedissociatesn water:

BaSQys = Ba(y, + S0 o

Theequilibrium constanfor this reactionis Ksp = 1.1 x 1010, Fromthis equilibrium con-
stant,we cancalculatethe standardree enegy of reaction:

AG®

Also, AG®

RY.CH.

—RTInK
—(8.314510JK "*mol=1)(298 15K ) In(1.1 x 10719
57kJ/mol.

AG‘]Z(Ba2+) +AG‘;(SO§,) —AG (gasq)-
57— (—744.00) + (—13622kJ/mol) = —561kJ/mol.



