Chemistry2000Spring2002Final Examination

Time: 3 hours
Marks: 100

Aidsallowed: Calculator No printed materials(e.g. periodictables,calculatormanuals)areal-
lowed.

Formulas and data aregivenon page4.

Instructions. Answer all questionsin the bookletsprovided. Graphsshouldbe dravn on the
graphpapermprovidedandinsertednto your exambookletprior to submissionMake sureto
write your name,studentnumberandthe questionnumberin the appropriatespacesn the
graphpaper Only graphsmay be submittedon separatgages.All otheransweranustbe
written in theexambooklets.

In sections2 and3, you have a choiceof questions.Do not answemorethantherequired
numberof questionsExtraanswerswill notbe marked.

Clarity may be consideredn evaluatingyour answers.If you areasked a direct question,
giveadirectanswer If you useadvancedeatureof your calculatorto carryoutanontrivial
computation(e.g.solving a quadraticequation) sayso. If you determinedsomething'rom
agraph,referto thegraphin explainingyouranswer

1 Answer all questionsin this section.

Valueof this section:70

1. Thereareatleastthreewaysto determineby calculationwhetheror notareactionis sponta
neous.Nametwo. [2 marks]

2. In EasternNorth America, acid rain due to industrial pollution is still a seriousproblem.
Rain with a pH of 4.3 is still commonin someareasdespitesignificantimprovementsin
recentyears. Whatarethe hydrogenandhydroxideion concentrationgn a solutionwith a
pH of 4.3at25°C?[4 marks]

3. WhenBi(OH)3g) reactswith SnC%(’aq) in basicsolution,theproductsareSn@(*aq) andmetal-
lic bismuth.Balancethereaction.[5 marks]

4. The solubility productof Bils is 8.1 x 1012 at 25°C. Whatis the solubility of bismuth
iodide?Expressyour answeltin g/L. [8 marks]
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5. For thereaction
COy(g) + CFa(g) = 2CORyg);
K =0.50at1000C.
(a) If arigid flaskis filled with 12atmof CO, and2atm of CF4 at 1000°C, whatarethe
equilibriumpressuresf thethreegasesat equilibrium?[9 marks]
(b) Estimatethe equilibriumconstanfor thisreactionat25°C. [10 marks]
6. Many processewith anunderlyingchemicalbasisobey the Arrheniusequation.In biology,
moleculamotorstransportothermoleculesarounda cell by “walking” alongmicrotukules.

Thespeedatwhichthesemotorsmove alongmicrotululescanbemeasurediFor amolecular
motorknown asEgb5, thefollowing datahave beenobtained:

T (°C) 13 17 24 26 30
speedpm/s) 0.21 0.26 0.31 0.33 0.39

(a) Determinetheactivationenepy for this process[8 marks]

Hint: Thespeeds proportionalto the rateconstanfor therate-determiningtepin the
walking process.

(b) Predictthetemperaturet which the speedvould be0.5um/s. [4 marks]

7. 8.43g of ammoniummitrateis dissohedin 88.43g of waterinitially at22.32°C. Thetemper
aturedecreaseto 15.23°C. Whatis the enthalyy of formationof solid ammoniumnitrate?
The specificheatcapacityof wateris 4.184JK g 1. [10 marks]

8. Many sugar<rystallizeasa hydrate.Dependingon the storageconditions(esp.temperature
and humidity), the hydrationstatecan changewith time. A sampleof 14.30g of glucose
(CsH1206 - NH20, wheren is the unknovn numberof watersof hydration)is dissolhedin
85.70g of water The freezingpoint of the solutionis —1.3523C. The freezing-pointde-
pressiorconstanfor wateris 1.86K kgmol—1. How mary watersof hydration(n) arethere
perglucosemolecule?10 marks]



2 Answer one question in this section.

Valueof this section:10

1. Supposehatyouwantto make2 L of a pH 10buffer usingtheorganicacidphenol(CgHsOH).
You have abottle of solid phenolaswell asa standardized..8042mol/L sodiumhydroxide
solution. Thetotal concentratiorof phenolin the buffer shouldbe approximately0.5mol/L.
Describethe preparatiorof the buffer from theseingredients Provide estimate®f the quan-
tities of chemicalgequired.[10 marks]

2. A hydrofluoricacidsolutionhasa pH of 3.5at25°C. Whatis theformal (total dissociated-
undissociatedconcentratiorof hydrofluoricacidin this solution?[10 marks]

3 Answer any two questionsin this section.

Valueof this section:20

1. Calculatethevaporpressuref mercuryat 75°C. [10 marks]

2. If 20mL of a 0.45mol/L solution of sodiumhydroxideis mixed with 15mL of a 4.5 x
10-3mol/L solutionof calciumnitrateat 25°C, doesa reactionoccur? Either way; clearly
identify any potentialproductsandshown detailedcalculationssupportingyour conclusion.
[10 marks]

3. An electrochemicatell is constructedvhich useshefollowing two half-reactions:

Phs) — PH, (0.10M) +2e- £° =0.13V
vo%;q) (0.10M) +2H(, (0.10M) + &~ — vf;q)(l.o x 107°M) + H20y,

The cell produced.67V at 25°C at the concentrationdisted above. Whatis the standard
reductionpotentialcorrespondingo the seconchalf-reaction10 marks]



Data and formulas

K = koo Ea/(RT) R=8.314472JK 'mol 2
AG=AH —TAS F = 9.6485309« 10*C/mol
AG = AG® +RTInNQ c® = 1mol/L

AG® = —RTInK P° = latm

E=E°— nﬂ} InQ To corvert degrees Celsiusto Kelvin, add
273.15.

Ky = 1014 at25°C.

Acid dissociation
constants at 25°C

Acid Ka
CeHs0OH | 1.3x 10719
HF 7.2x 1074
Standard thermodynamic
propertiesat 25°C
Species AHZ AGE
(kJ/mol) (kJ/mol)
COyg) —39351 —394.37
CORyg —63890
CFyg) —9345 —879
C a+a) —5413 —5528
Ca(OH)ys) | —9861 —8986
Hg(g) 6138 3188
NHj(aq) —1333 —795
Nog(aq) —-2074 —-1115
Nag, —24030 | —2619
OH(‘an —23003 —157.34
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