Chemistry2710Spring2003Test1 Solutions

1. (a)
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2 dt

—2(0.26molL *min~1) = —0.52molL !min 1.

v = 0.26molL " Imin~1=

_d[NO;]
oodt
(b) Therateshouldgo up by afactorof 3 x 2= 6, i.e. we expectarateof

6(0.26molL~!min™!) = 1.56molL ~tmin~1.

2. In experiments,1, 4 and5, the concentratiorof A is constantbut the concentratiorof B
changeswhile the rateremainsessentiallyconstant. The partial orderwith respecto B is
thereforel. In experimentsl and2, theconcentratiorof B is constantvhile aincreasedy a
factorof 2.3. Therateincreasedy afactorof 1.35.1t's not completelyclearwhatthe order
is, sowe’ll haveto do alittle algebra:
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Fromexperimentsl and2, we getn = 0.36 while from experimentsl and3, wegetn= 0.33.
The partialorderof reactionwith respecto A is thereforeabout%. Theoverallorderis
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Theratelaw is
v=kal/?.

We cancalculatethe rateconstanfrom eachof the experimentsby k = v/al/3. We getthe
following values:

Experiment 1 2 3 4 5 Average
k (mol?/3L—2/3s~1) 14851 15149 14794 15724 14851 1.51x 10°

(Samplecalculation from experimentl.:

_ 17x10molL~1s7?

k
(L5molL-1)Y?

= 14851molt /3L 1 (-1/3)g1 14851mo|2/3|_2/3s1.>

Therateconstanis thereforel.51 x 10*mol%/3L—2/3s1,
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(NotethatI’ve replacedAV by x in the left-handintegral just for clarity. Thisisn't a
necessargtep.)

s Inxay, = —%t"to.
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(b) All wereally haveto dois to plug the appropriatevaluesinto equationl andsolve for
t:

AVyg = 0-100mV = -100mV.
AV = 99-100mV =-1mV.
—-1mV

o= - 10 2F)In | —=— | =691ps.
ot (10x 16°Q)(15x% 10 )”<—100mv> 691ps
4. By stoichiometry the pressurancreasedy one unit for every unit of acetaldehydeon-
sumed.Accordingly, AP representthe amountof acetaldehydeonsumedandwe have
PcHscHo = Po — AP.
(If youlikeamorealgebraiovay of gettingthis equationhereit is: Thepressuratary time
tis
P = PcHscHo + Pch, + Peo.
By stoichiometryPch, = Pco sowe have

P = Pchs,cHo + 2Pch; -



Theamountof acetaldehydeonsumeds equalto theamountof methangroducedso

Pch, = Po—PcHscHo.
P = PechycHo+ 2(Po — PehgcHo)
= 2Py — PchzcHo.
. PcHscHo = 2R —P=PRy— (P—P).
ButAP = P-P,.
. PcHscHo = Po—AP)

Theinitial pressurés 240torr, sowe cancalculatethepressuref acetaldehydasafunction
of time. Sincewe’re goingto betestingthe hypothesethatwe have afirst- or asecond-order
reaction, alsocalculatein Pch,cHo and1/Pch,cHo:

t(s) PcHscHo (torr)  InPop,cro 1000/ Pepcho (torr 1)

26 216 5.375 4.629
71 154 5.037 6.494
129 112 4.718 8.929
239 71 4.263 14.085
380 49 3.892 20.408
600 34 3.526 29412
1048 22 3.091 45.455
1503 18 2.890 55.556
1891 13 2.565 76.923

Thefirst-orderplot is definitely curved:
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Heresthesecond-ordeplot:
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If wefit all the points,thereisn’t arny obviouscurvature,sowe would concludethatthisis a
second-ordereactionwith arateconstank = slope= 3.70 x 10~ °torr—1s~1. However, the

4



pointsatt = 1530sis clearlybad. If we refit the dataomitting this point, theredoesappear
to be somecurvature,althoughit’s subtle. Frankly, | think you could amgue both sideswith
this one. | would tendto saythatit’s not a true second-ordereaction,but it wouldn't be
unreasonabl® concludethe oppositeonthe basisthatthe very slight curvaturemightbean
experimentalartifact. Incidentally the slopewe getif we leave thet = 1503s point out of
thedatasetis 3.87 x 10 °torr1s1.



