Chemistry2720Fall 2002Test2 Solutions

S0 = Sog+ASpe8-400= 191609+ 8.484IK 'mol = 200093IK ~*mol 2.

) = 8.484JK 1mol.

2. We wantto know if thereaction
Pb?;_q) + SOE(_aq) — PbSQ(S)
is spontaneouanderthe givenconditions.For thisreaction,
AGO - AG?(PbSQ;) - (AG?(PbZ"') +AG?(SO%_)>
= —81304— (—24.24+ (—744.00)) kJ/mol = —44.80kJ/mol.

Whenwe mix the two solutions theinitial concentration®f the two reactantarereduced
by dilution:

_ (20mL)(0.04mol/L)
[PEFT] = el = 0.0229mol/L.
S = (15m")é%r210|_3m°|/ b 129%10-2mol/L.

We cannow calculatethe free-enegy change:

AG = AG°+RTINQ

_ o aphsq
= AG°+RTIn <—(apb2+)(asog—)>

= —44.80kJ/mol
1
:314472x 1073kIK~*mol~1)(298 15K) |
+(8.3 x 107°kJK™*mol™*)(29815 )”((0,0229)(1.29><1cr3))
= —18.93kJ/mol.

SinceAG is negative, thereactionis spontaneousoa precipitatewill form.



3. Themaximumpossibleelectricalwork is —AG.

AG" = 2AGi(z40)— <2AG?(Zn)+AGCf(oz)>
—  2(—32048KkJ/mol) = —64096kJ/mol.
~AG = AG°+RTINQ
_ a2
— AG +RTIn (¢>
(azn)?(a0,)
= —64096kJ/mol

+(8.314472x 10 *kJK~'mol~1)(298.15K)In (0_12)

= —636.97kJ/mol.

This is pertwo molesof zinc, sothe free enegy changeis —31849kJ/mol Zn. A battery
stores500J, which correspond$o

5004 .
20 = 37ga9x 108y mol o 10 Tmo

s.mzn = (1.57x 10-3mol)(65.38g/mol) = 0.103g.

. Theprocessvhich concernsaisis
s=0.

Ice fog will form below the temperatureat which the vaporis just in equilibriumwith the
solid. Sincethevaporpressuref ice at0°C is 6.025x 10 3bar,Ky73 = Ph,0/P° = 6.025x%
10-3. At thethresholdtemperaturewe will have K1 = 0.004. We canusethe equation

p(Kezs) _oH (1 1
Kr /] R \T 27315K
if we canfind AH® for our processSinceenthally is astatefunction, thepathdoesnt matter
soimaginethatwe breakthe sublimationprocesshavn above into two steps:

1,2
s=>1>0.
We know the enthaly changedor the subprocessesand2:

AH; = AHg gon= 6.007kJ/mol.

AHS = AHgy,= 44.91kJ/mol.
- AH° = 6.007kJ/mol+ 44.91kJ/mol = 50.92kJ/mol.

1 8.314472JKImol~1  /6.025x 1073 1
T ~ T 5092x 1033/mol ( 0.004 )+27315K

— 3.728x 103K 1
T = 26825K = —4.9°C.



5. (a) FromKj, wecancalculatetheconcentratiomf HoXanwhichwill be presentn solution
atequilibrium:

Ki = auxanag = 1.29x107%
~.[HoXan = 1.29x 10~*mol/L.

Theacidionizationdeterminesheamountof HXan™ at equilibrium:

Ky = (@rxan-) (@p+)

AH,Xan
aH,Xan
= Ky—2EE
Ay xan 2 anr
aq+ = 10PH=1005=316%x10".
1.29x 104

) _ -8 _ 5
.« . a.HXan* — (2.95X 10 )73.16>< 10_7 1.20>< 10 .

~.solubility = 1.29x10 #+1.20x 10 °mol/L = 1.41x 10 *mol/L.

(b)

i (Kew0) _ AHC 1 1
Kogs/ R \29815K 31015K/°

K310
RIn(Km)
T 1

29815K 31015K

~1mal-1 2.04x10°4
(8:3144723K tmol ) In (20107
1 1

29815K = 31015K
= 2.94x 10*J/mol = 29.4kJ/mol.

S AH =

Theenthally changdor reactionl is

_AHO = Al_l?(aq) __AH ?(S)'
AH?(aq) = AHO +AH?(S)
= 294+ (—3796)kJ/mol= —3502kJ/mol.

(c) Theformationreactionfor xanthineis

5Cts) +2Hz(g) + 2N2(g) + Oz(g) = CsHaN4Ozs)-



We alreadyknow the enthalpy of formationof xanthine.(It' s givenin questiorbb.) Al
we needis theentrogy of formation:

ASt yanthing = S¥(xanthing — (55?(0) + 2S¢ (1, + 2S¢ (ny) T S?(oz))
= 1611 (5(5.74) +2(130680) +2(191609) + 205.152) JK ~*mol~?
= —71733JK Imol L.
= OH ?(xanthine - TAS;(xanthine
—379.6kJ/mol— (29815K)(—717.33x 10 2kJK *mol!
—1657kJ/mol.

. BGy(

xanthing

(d) Forreactionl, we have

AG® = —RTInK;
—(8.314472JK mol 1)(29815K)In(1.29x 10 %)
22.2kJ/mol.
However, AG® = A@‘;(aq)—Aé‘}’(s).
S AGh g = OG°+AGy
= 222+ (—1657kJ/mol) = —1435kJ/mol.



