
Chemistry2720Fall 2001Assignment6

Due: Tuesday, Oct.30,9:25a.m.

1. (a) Basedon thermodynamicconsiderationsalone,canliquid borontrichloridebe made
by reactingdiborane(B2H6

�
g� ) with chlorinegasif thepressuresof the two reactants

areboth0.5barandthepressureof hydrogengasis 0.03barat25� C?[5 marks]

(b) Whatif thereactionwasrunat � 10� C insteadof 25� C?Assumethat∆H̄ � and∆S̄ � are
independentof temperature.[5 marks]

2. Thestandardfreeenergy of formationof cyclohexane(C6H12
�
l � ) in theold atm-basedcon-

ventionis 26.7kJ/mol. Calculatethestandardfreeenergy of formationof cyclohexanecor-
respondingto thenew standardpressureof 1bar. [5 marks]

3. Therearetwo waysto extractenergy from afuel to dowork. Thefirst is to burnit andto use
theheatto operateaheatengine.Thesecondis to useit astheenergy sourcein anisothermal
freeenergy machine.Batteriesandfuel cellsareexamplesof the latterclassof devices. A
fuel cell workssomewhatlikeabatteryin thatit generateselectricity, but theoverallreaction
which producestheelectricalwork is theoxidationof a fuel suchashydrogenor methane
by oxygen.

(a) Whatis themaximumelectricalwork permoleof methanewhichcanbeperformedby
a methanefuel cell operatingat 25� C if thepressureof methaneis regulatedat 0.7bar
andoxygenandcarbondioxide areheld at their atmosphericpartial pressuresof 0.2
and0.0003bar, respectively?Assumethatpurewateris produced.[5 marks]

(b) In arealfuelcell, thewaterproducedentersahighlyconcentratedsolutionof potassium
hydroxideor anothersimilar base.Doesthis affect the electricalwork which canbe
produced?Explainbriefly. [4 marks]

(c) At higheraltitudes,thepartialpressureof oxygendropsoff. Doesthefuel cell generate
moreor lesselectricalwork permoleof methaneat higheraltitudes?Explainbriefly.
[2 marks]

(d) Wouldit bepossibleto obtainasmuchwork by burningmethanein aheatengineunder
any conditions?Explainbriefly, anddiscusstheenvironmentalimplications.[8 marks]

Note:Keepyouranswerunderonepage.Marksmaybedeductedif youdrift off topic.
You canincludesamplecalculationsif you think it will help make your point. Both
theoreticalandpracticalconsiderationscanbeincludedin yourdiscussion.


