
Chemistry2000Spring2002FinalExamination

Time: 3 hours

Marks: 100

Aids allowed: Calculator. No printedmaterials(e.g.periodictables,calculatormanuals)areal-
lowed.

Formulas and data aregivenon page4.

Instructions: Answer all questionsin the bookletsprovided. Graphsshouldbe drawn on the
graphpaperprovidedandinsertedinto yourexambookletprior to submission.Makesureto
write your name,studentnumberandthequestionnumberin theappropriatespaceson the
graphpaper. Only graphsmaybesubmittedon separatepages.All otheranswersmustbe
written in theexambooklets.

In sections2 and3, you have a choiceof questions.Do not answermorethantherequired
numberof questions.Extraanswerswill notbemarked.

Clarity may be consideredin evaluatingyour answers.If you areasked a direct question,
giveadirectanswer. If youuseadvancedfeaturesof yourcalculatorto carryoutanontrivial
computation(e.g.solvinga quadraticequation),sayso. If you determinedsomethingfrom
agraph,referto thegraphin explainingyouranswer.

1 Answer all questions in this section.

Valueof thissection:70

1. Thereareat leastthreewaysto determineby calculationwhetheror notareactionis sponta-
neous.Nametwo. [2 marks]

2. In EasternNorth America,acid rain due to industrialpollution is still a seriousproblem.
Rain with a pH of 4.3 is still commonin someareasdespitesignificantimprovementsin
recentyears.Whatarethehydrogenandhydroxideion concentrationsin a solutionwith a
pH of 4.3at 25

�
C? [4 marks]

3. WhenBi
�
OH� 3 � s� reactswith SnO2 �

2 � aq� in basicsolution,theproductsareSnO2 �
3 � aq� andmetal-

lic bismuth.Balancethereaction.[5 marks]

4. The solubility productof BiI3 is 8 � 1 � 10� 19 at 25
�
C. What is the solubility of bismuth

iodide?Expressyour answerin g/L. [8 marks]
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5. For thereaction
CO2 � g�	� CF4 � g��
� 2COF2 � g��

K � 0 � 50at 1000
�
C.

(a) If a rigid flask is filled with 12atmof CO2 and2atmof CF4 at 1000
�
C, whatarethe

equilibriumpressuresof thethreegasesatequilibrium?[9 marks]

(b) Estimatetheequilibriumconstantfor this reactionat 25
�
C. [10 marks]

6. Many processeswith anunderlyingchemicalbasisobey theArrheniusequation.In biology,
molecularmotorstransportothermoleculesaroundacell by “walking” alongmicrotubules.
Thespeedatwhichthesemotorsmovealongmicrotubulescanbemeasured.For amolecular
motorknown asEg5,thefollowing datahavebeenobtained:

T (
�
C) 13 17 24 26 30

speed(µm� s) 0.21 0.26 0.31 0.33 0.39

(a) Determinetheactivationenergy for thisprocess.[8 marks]

Hint: Thespeedis proportionalto therateconstantfor therate-determiningstepin the
walkingprocess.

(b) Predictthetemperatureat which thespeedwouldbe0 � 5µm� s. [4 marks]

7. 8.43g of ammoniumnitrateis dissolvedin 88.43g of waterinitially at22� 32
�
C. Thetemper-

aturedecreasesto 15� 23
�
C. What is theenthalpy of formationof solid ammoniumnitrate?

Thespecificheatcapacityof wateris 4 � 184JK � 1g � 1. [10 marks]

8. Many sugarscrystallizeasahydrate.Dependingonthestorageconditions(esp.temperature
andhumidity), the hydrationstatecanchangewith time. A sampleof 14.30g of glucose
(C6H12O6 � nH2O, wheren is the unknown numberof watersof hydration)is dissolved in
85.70g of water. The freezingpoint of thesolutionis � 1 � 3523

�
C. The freezing-pointde-

pressionconstantfor wateris 1 � 86K kgmol � 1. How many watersof hydration(n) arethere
perglucosemolecule?[10 marks]
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2 Answer one question in this section.

Valueof thissection:10

1. Supposethatyouwanttomake2L of a pH 10bufferusingtheorganicacidphenol(C6H5OH).
You have a bottleof solid phenolaswell asa standardized1.8042mol/L sodiumhydroxide
solution.Thetotal concentrationof phenolin thebuffer shouldbeapproximately0.5mol/L.
Describethepreparationof thebuffer from theseingredients.Provideestimatesof thequan-
titiesof chemicalsrequired.[10 marks]

2. A hydrofluoricacidsolutionhasapH of 3.5at25
�
C. Whatis theformal (total dissociated�

undissociated) concentrationof hydrofluoricacidin thissolution?[10 marks]

3 Answer any two questions in this section.

Valueof thissection:20

1. Calculatethevaporpressureof mercuryat 75
�
C. [10 marks]

2. If 20mL of a 0.45mol/L solution of sodiumhydroxideis mixed with 15mL of a 4 � 5 �
10� 3mol� L solutionof calciumnitrateat 25

�
C, doesa reactionoccur?Eitherway, clearly

identify any potentialproductsandshow detailedcalculationssupportingyour conclusion.
[10 marks]

3. An electrochemicalcell is constructedwhich usesthefollowing two half-reactions:

Pb� s��� Pb2�� aq�
�
0 � 10M � � 2e� � � � 0 � 13V

VO2�� aq�
�
0 � 10M � � 2H� � aq�

�
0 � 10M � � e� � V3�� aq�

�
1 � 0 � 10� 5M � � H2O � l �

The cell produces0.67V at 25
�
C at the concentrationslisted above. What is the standard

reductionpotentialcorrespondingto thesecondhalf-reaction?[10 marks]
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Data and formulas

k � k∞e� Ēa � � RT �

∆G � ∆H � T∆S

∆Ḡ � ∆Ḡ
�
� RT lnQ

∆Ḡ
� ��� RT lnK

� � � � � RT
n̄� lnQ

Kw � 10� 14 at 25
�
C.

R � 8 � 314472JK � 1mol � 1

� � 9 � 6485309� 104C� mol

c
� � 1mol� L

P
� � 1atm

To convert degrees Celsius to Kelvin, add
273.15.

Acid dissociation
constants at 25

�
C

Acid Ka

C6H5OH 1 � 3 � 10� 10

HF 7 � 2 � 10� 4

Standard thermodynamic
properties at 25

�
C

Species ∆H̄
�
f ∆Ḡ

�
f

(kJ/mol) (kJ/mol)
CO2 � g� � 393� 51 � 394� 37
COF2 � g� � 638� 90
CF4 � g� � 934� 5 � 879
Ca2�� aq� � 541� 3 � 552� 8
Ca
�
OH� 2 � s� � 986� 1 � 898� 6

Hg � g� 61� 38 31� 88
NH �4 � aq� � 133� 3 � 79� 5
NO �3 � aq� � 207� 4 � 111� 5
Na� � aq� � 240� 30 � 261� 9
OH � � aq� � 230� 03 � 157� 34
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