Chemistry2000Spring2001SectionB
Final Examination

Time 3 hours

Aidsallowed: Calculator In particular periodictablesandotherwritten or printedmaterialsare
excluded.

Additional data is givenattheendof this paper

Writeall your answers in the bookletsprovided. Your answersneednot be enteredinto the
bookletsn order providedall answersarelabeledclearlywith thequestiomumber Answer
all questionsn sectionl. In othersectionsyou have somechoice.Do notanswemorethan
therequirednumberof questionsExtraanswerswill notbemarked.

1 Answer all questionsin this section.

Total valueof questionsn this section:70 marks

1. Thefollowing datahave beenobtainedor thereaction

2H2(g) + ZNO(g) — 2H20(g) + N2(g)

at700C:
[Ho] (mol/L) [NO] (mol/L)  rate(molL=1s™1)
0.0050 0.025 1.2x10°°
0.010 0.025 2.4%x10°6
0.010 0.0125 0.60x 107°

Determinetheratelaw andrateconstant[7 marks]

2. Calculatethe pH of a 6.3 x 10~*mol/L solutionof potassiunhydroxidein waterat 25°C.
[4 marks]

3. Calculatethe pH of a6.3 x 10~*mol/L aqueousodiumsulfite (NapSOs) solutionat 25°C.
TheK, of thesulfiteion is 1.6 x 10~'. [8 marks]



10.

11

. Which of thefollowing two compounds

OH
/ /O\
H,C—CH, H,C” “CH,

ethanol dimethyl ether

would you expectto have the highervaporpressureExplainbriefly. [3 marks]

. Puresolid NH4HSeis placedin a2.0L containeat24.8°C. Thecontaineiis evacuatedThe

pressurghenrisesdueto thereaction
NH4HSQS) = NH3(g) + stqg).

The equilibrium constantfor this reactionis 8.46 x 10°. What is the total pressureat
equilibrium?[6 marks]

. Thereaction2Hyg) + Sy(g) 7 2H2Sg) isin equilibriumat700°C whenRy, = 16.6atm Ps, =

8.98x 10 °atm, andPh,s = 57.9atm Whatis theequilibriumconstantor thisreaction?3
marks]

. 2.5¢ of solid sodiumacetat CH;COON3 is dissolhedin 100mL of a 0.4mol/L aqueous

HCI solutionat 25°C. Whatis the pH of the resultingsolution? The K, of aceticacid is
1.8 x 107>, [10 marks]

. Calculatethe solubility of zinc hydroxide (Zn(OH)2) in a pH 8 buffer at 25°C. For this

compoundKsp= 1.8 x 1014 [7 marks]

. A 509 pieceof metalis heatedo atemperaturef 120°C, thenimmersedn 800g of water

initially at21.3°C in a sealedandwell-insulatedcontainer The equilibriumtemperatures
23.0°C. Whatis the specificheatcapacityof the metal?[4 marks]

(a) Calculatetheenthally changefor the neutralizatiorof agueousceticacidby hydrox-
ide. [3 marks]

(b) GiventhatAH® = —55.815kJ/mol for thereaction
HE;CI) + OH(_aq) — H20(|),
calculatethe enthalyy changefor thedissociatiorof aceticacidinto its ions. [4 marks]

Calculatethe solubility productof lead(ll) chlorideat25°C. [5 marks]



12. Insectsarecold-bloodedmeaninghatthey don't regulatetheirinternaltemperaturesSince
all processem living organismgely on chemicalreactionsmary of theirbehaiorsdisplay
temperatursensitvity. Treecricketschirp atarateof about200chirpsperminuteat27°C.
This ratefalls to about40 chirpsperminuteat 5°C. Assumingthatthe differenceis mainly
dueto a reductionin a rate constant,determinethe actvation enegy for the underlying
chemicalprocess|[6 marks]

2 Answer one question in thissection

Total valueof questionsn this section:10 marks

1. An aqueoussodiumbromidesolutionhasa vaporpressureof 27.8torr at 30°C. The vapor
pressuref purewaterat this temperatureés 31.8torr. Whatis the molality of the solution?
[10 marks]

2. (a) The normalboiling and freezingpoints of sulfur dioxide are —10°C and —72.7°C,
respectiely. Thetriple pointis —75.5°C and1.65x 10~3atm Draw aroughsketchof
the phasediagramof sulfur dioxide,labelingall regionsandspecialpoints.[8 marks]

(b) Whichis moredensesolid or liquid sulfur dioxide?[2 marks]



3 Answer onequestion in thissection.

Total valueof questionsn this section:20 marks

1. Supposehatwe wantto make iron (lll) chloridefrom iron (lll) oxide by reactingthe latter
with chlorinegas:

3
F@Og(s) + 3C|2(g) — ZFGC!g(s) + éoz(g).

(a) Calculatetheequilibriumconstanfor thisreactionat 25°C. [4 marks]

(b) Isthereactionspontaneouat 25°C if the partialpressuresf oxygenandchlorineare,
respectrely, 0.02atmand0.9atm?[4 marks]

(c) If the reactionisn’t spontaneousinderthe conditionsgiven above, suggesta set of
conditionswhich would make it spontaneoudf thereactionis spontaneousalculate
the maximumpressureof oxygensuchthatthe reactionremainsspontaneouat fixed
chlorinepressure[4 marks]

(d) Calculatethe equilibrium constaniat 150°C. Is the reactionspontaneouat this tem-
peraturaunderthe conditionsof questionlb?[8 marks]

2. (a) Forthereaction
chg +H20 —>C02 +H25 (g)>

AH® = —33kJ/mol. SCOS structures analogougo thatof COy:
S=C=0
Estimatethe S=Cbondenthaly. [6 marks]
(b) Theabsoluteentropiesof thereactant@ndproductsaregivenin thefollowing table:

Substance COyg H20g H2Sg SCQg
S°(JK Imol=1) 213. 785 188.835 205.81 231.57

Calculatethe standardentropy changdor thereaction.[2 marks]

(c) Calculatethestandardreeenegy changeat25°C. [2 marks]
(d) Calculatetheequilibriumconstantt25°C. [2 marks]
(e) Calculatetheequilibriumconstantt 100°C. [4 marks]

(f) Would thereactionbe spontaneouat 100°C if P4,0 = 0.04,Pco, = 0.03, P,5s = 0.2
andPsco= 0.05atm? [4 marks]



Useful data and equations

k = k,,eEa/(RT)

AG® = AH® — TAS
AG=AG° +RTInQ
AG® = —RTInK

At 25°C, Ky, = 10714,

To convertdegreesCelsiusto Kelvin, add273.15.
R=8.314510JK mol!

Thespecificheatcapacityof wateris 4.184JK ~1g 1.

Molar masses

Element| M (g/mol)
C 12.011
H 1.0079
Na 229898
O 159994

Standard thermodynamic propertiesat 25°C

Bond enthalpies

Species AH? AG§
(kJ/mol) (kJ/mol)
CHsCOQ,,  —48560 —376.89
CH3COOH,q —48526 —404.09
Clag —-167.080 —-131218
FeChy) —399 —334
F9203(s) —-824 —742
H20) —285830 —237.129
OH g —230015 —157.22
P, 0.92 —24.24
PbCh —-35941 -31410

Bond | AHp (kJ/mol)
C=0 803
H-O 464
H-S 339




