Chemistry2720Fall 2002Test2

Answer all questions.

Writeall answersin the booklets provided.
Aidsallowed: 83 x 11-inchinformationsheetcalculator
Time: 75min

Questions. 5

Marks: 56

Useful data:
R=8.314472JK 1mol-1

To convert degreesCelsiusto Kelvin, add273.15.

Standardrhermodynamidroperties
at25’C andlbar B
Species AHZ? AGE Cp
(kJ/mol) (kd/mol) | (JK~Imol1)
28.87

Na(g) 0 0
Pt%;qJ 092 | -—2424
PbSQ | —91997 | —81304
SQhLg | —90934 | —74400
ZnOg | —35046 | —32048 403

StandarcEntropies

at25Candlbar
Species S
JK~Imol~*
C(s) (graphite) 5.74
C5H4N40z(s) (xanthine) 1611
Hag) 130680
N2(g) 191609
Oy(g) 205152

1. Calculatetheentropy of nitrogenat400K. [4 marks]

2. 20mL of a0.04mol/L solutionof lead(Il) nitrateis mixedwith 15mL of a 0.003mol/L solutionof
ammoniumsulfateat 25°C. Is alead(ll) sulfateprecipitateformed?[10 marks]



3. Zinc-air batteriesare commonlyusedin miniaturebatteriesof the sortusedfor instancein hearing
aids. Theoverall reactionis very simple:

2Znyg) + Ogg) = 2Zn0).

The oxygenis provided from the ambientair. A typical miniaturezinc-air batterystoresabout500J
of enegy. Thisis enoughto power a hearingaid for a weekor so. Assumingthat the pressureof
oxygenis about0.2bar, whatis theinitial massof zinc in sucha battery? Assumethatthe battery
operatest 25°C andthatit produceghe maximumpossibleelectricalwork. The molarmassof zinc
is 65.38g/mol. [9 marks]

4. Ice fog occurswhenthe condensatiorof watervaporinto ice becomesspontaneouslf the partial
pressureof wateris 0.004bar, belov what temperaturavould you predictice fog to form? Report
your final answerin degreesCelsius. The vapor pressureof ice at 0°C is 6.025x 10 3bar. The
enthally of vaporizationof liquid waterat 0°C is 44.91kJ/mol while the enthally of fusion at this
temperaturés 6.007kJ/mol.[9 marks]

5. Xanthineis anintermediaten purinemetabolism.

O

It is only slightly soluble,andsotendsto precipitateout of solutionat higherconcentrationdeading
to urinary stones. The hydroxyl protonsareionizableso xanthineis a diprotic acid. Two processes
areimportantin the solubilizationof xanthine:

K
HZXan(S) é H2Xan(aq)

K
HzXang) = H(faq) +HXan,,

(Thesecondorotonis too weaklyacidicto be physiologicallyrelevant.)

(a) The equilibrium constantshave recentlybeenmeasured. Their valuesat 298.15K areK; =
1.29x 10~* andK, = 2.95x 10-8. Whatis the solubility of xanthinein aqueoussolutionat a
fixed (buffered) pH of 6.5 (atypical pH for urine)?[8 marks]
Hint: Thesolubility includesall formsof xanthinein solution.

(b) At310.15K, K1 = 2.04x 10~%. Thestandaranthally of formationof solidxanthineis —379.6kJ/mol.
Estimatethe standarcenthally of formationof aqueouxanthine.[5 marks]

(c) Estimatethe standardreeenegy of formationof solid xanthine.[6 marks]

(d) Estimatethestandardreeenegy of formationof agueousanthine(HzXanqq). [5 marks]

1Thisis only oneinsolublecompoundvhich canbeinvolvedin theformationof stones.
2E. Kbnigsbegeretal.,J. Chem.Thermodyn 33, 1 (2001).



