
Chemistry2000Spring2001SectionB
FinalExamination

Time: 3 hours

Aids allowed: Calculator. In particular, periodictablesandotherwritten or printedmaterialsare
excluded.

Additional data is givenat theendof thispaper.

Write all your answers in the bookletsprovided. Your answersneednot be enteredinto the
bookletsin order, providedall answersarelabeledclearlywith thequestionnumber. Answer
all questionsin section1. In othersections,youhavesomechoice.Do notanswermorethan
therequirednumberof questions.Extraanswerswill notbemarked.

1 Answer all questions in this section.

Totalvalueof questionsin thissection:70marks

1. Thefollowing datahavebeenobtainedfor thereaction

2H2
�
g��� 2NO� g��� 2H2O � g��� N2

�
g�

at700� C:

�
H2 	 (mol/L) [NO] (mol/L) rate 
 molL � 1s� 1 �

0  0050 0  025 1  2 � 10� 6

0  010 0  025 2  4 � 10� 6

0  010 0  0125 0  60 � 10� 6

Determinetheratelaw andrateconstant.[7 marks]

2. CalculatethepH of a 6  3 � 10� 4mol� L solutionof potassiumhydroxidein waterat 25� C.
[4 marks]

3. CalculatethepH of a 6  3 � 10� 4mol� L aqueoussodiumsulfite(Na2SO3) solutionat 25� C.
TheKb of thesulfiteion is 1  6 � 10� 7. [8 marks]

1



4. Whichof thefollowing two compounds

CH3 CH2

OH
CH3

O
CH3

ethanol dimethyl ether

wouldyouexpectto have thehighervaporpressure?Explainbriefly. [3 marks]

5. PuresolidNH4HSeis placedin a2.0L containerat24 8� C. Thecontaineris evacuated.The
pressurethenrisesdueto thereaction

NH4HSe� s���� NH3
�
g��� H2Se� g� 

The equilibrium constantfor this reactionis 8  46 � 10� 5. What is the total pressureat
equilibrium?[6 marks]

6. Thereaction2H2
�
g� � S2

�
g� �� 2H2S� g� is in equilibriumat700� CwhenPH2 � 16 6atm, PS2 �

8  98 � 10� 5atm, andPH2S � 57 9atm. Whatis theequilibriumconstantfor this reaction?[3
marks]

7. 2.5g of solid sodiumacetate(CH3COONa) is dissolvedin 100mL of a 0.4mol/L aqueous
HCl solutionat 25� C. What is the pH of the resultingsolution? The Ka of aceticacid is
1  8 � 10� 5. [10 marks]

8. Calculatethe solubility of zinc hydroxide(Zn 
 OH� 2) in a pH 8 buffer at 25� C. For this
compound,Ksp � 1  8 � 10� 14. [7 marks]

9. A 50g pieceof metalis heatedto a temperatureof 120� C, thenimmersedin 800g of water
initially at 21 3� C in a sealedandwell-insulatedcontainer. Theequilibriumtemperatureis
23 0� C. Whatis thespecificheatcapacityof themetal?[4 marks]

10. (a) Calculatetheenthalpy changefor theneutralizationof aqueousaceticacidby hydrox-
ide. [3 marks]

(b) Giventhat∆H̄ � ��� 55 815kJ� mol for thereaction

H � � aq� � OH� � aq� � H2O � l ���
calculatetheenthalpy changefor thedissociationof aceticacidinto its ions. [4 marks]

11. Calculatethesolubility productof lead(II) chlorideat25� C. [5 marks]
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12. Insectsarecold-blooded,meaningthatthey don’t regulatetheir internaltemperatures.Since
all processesin living organismsrely onchemicalreactions,many of theirbehaviorsdisplay
temperaturesensitivity. Treecricketschirpat a rateof about200chirpsperminuteat 27� C.
This ratefalls to about40 chirpsperminuteat 5� C. Assumingthatthedifferenceis mainly
due to a reductionin a rate constant,determinethe activation energy for the underlying
chemicalprocess.[6 marks]

2 Answer one question in this section

Totalvalueof questionsin thissection:10marks

1. An aqueoussodiumbromidesolutionhasa vaporpressureof 27.8torr at 30� C. Thevapor
pressureof purewaterat this temperatureis 31.8torr. What is themolality of thesolution?
[10 marks]

2. (a) The normal boiling and freezingpoints of sulfur dioxide are � 10� C and � 72 7� C,
respectively. Thetriple point is � 75 5� C and1  65 � 10� 3atm. Draw aroughsketchof
thephasediagramof sulfurdioxide,labelingall regionsandspecialpoints.[8 marks]

(b) Which is moredense,solidor liquid sulfurdioxide?[2 marks]
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3 Answer one question in this section.

Totalvalueof questionsin thissection:20marks

1. Supposethatwe wantto make iron (III) chloridefrom iron (III) oxideby reactingthelatter
with chlorinegas:

Fe2O3
�
s��� 3Cl2

�
g��� 2FeCl3

�
s��� 3

2
O2
�
g� 

(a) Calculatetheequilibriumconstantfor this reactionat25� C. [4 marks]

(b) Is thereactionspontaneousat25� C if thepartialpressuresof oxygenandchlorineare,
respectively, 0.02atmand0.9atm?[4 marks]

(c) If the reactionisn’t spontaneousunderthe conditionsgiven above, suggesta set of
conditionswhich would make it spontaneous.If thereactionis spontaneous,calculate
themaximumpressureof oxygensuchthat thereactionremainsspontaneousat fixed
chlorinepressure.[4 marks]

(d) Calculatetheequilibriumconstantat 150� C. Is the reactionspontaneousat this tem-
peratureundertheconditionsof question1b?[8 marks]

2. (a) For thereaction
SCO� g��� H2O � g��� CO2

�
g��� H2S� g���

∆H̄ � ��� 33kJ� mol. SCO’s structureis analogousto thatof CO2:

S=C=O

EstimatetheS=Cbondenthalpy. [6 marks]

(b) Theabsoluteentropiesof thereactantsandproductsaregivenin thefollowing table:

Substance CO2
�
g� H2O � g� H2S� g� SCO� g�

S̄ � (JK � 1mol � 1) 213.785 188.835 205.81 231.57

Calculatethestandardentropy changefor thereaction.[2 marks]

(c) Calculatethestandardfreeenergy changeat25� C. [2 marks]

(d) Calculatetheequilibriumconstantat25� C. [2 marks]

(e) Calculatetheequilibriumconstantat100� C. [4 marks]

(f) Would thereactionbespontaneousat 100� C if PH2O � 0  04,PCO2 � 0  03, PH2S � 0  2
andPSCO � 0  05atm? [4 marks]
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Useful data and equations

k � k∞e � Ēa � � RT �
∆Ḡ � � ∆H̄ � � T ∆S̄ �
∆Ḡ � ∆Ḡ � � RT lnQ

∆Ḡ � ��� RT lnK

At 25� C, Kw � 10� 14.

To convertdegreesCelsiusto Kelvin, add273.15.

R � 8  314510JK � 1mol � 1

Thespecificheatcapacityof wateris 4  184JK � 1g � 1.

Molar masses
Element M (g/mol)
C 12 011
H 1  0079
Na 22 9898
O 15 9994

Bond enthalpies
Bond ∆H̄b (kJ/mol)
C=O 803
H-O 464
H-S 339

Standard thermodynamic properties at 25� C
Species ∆H̄ �f ∆Ḡ � f

(kJ/mol) (kJ/mol)
CH3COO� � aq� � 485 60 � 376 89

CH3COOH� aq� � 485 26 � 404 09
Cl � � aq� � 167 080 � 131 218

FeCl3 � s� � 399 � 334
Fe2O3

�
s� � 824 � 742

H2O � l � � 285 830 � 237 129
OH � � aq� � 230 015 � 157 22

Pb2�� aq� 0  92 � 24 24

PbCl2 � s� � 359 41 � 314 10
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