
Chemistry2710Spring2003Test1 Solutions

1. (a)

v � 0 � 26molL
� 1min

� 1 ��� 1
2

d
�
NO2 �
dt

�� d
�
NO2 �
dt

� � 2 � 0 � 26molL
� 1min

� 1 	 �
� 0 � 52molL
� 1min

� 1 �
(b) Therateshouldgo upby a factorof 3 � 2 � 6, i.e. weexpecta rateof

6 � 0 � 26molL
� 1min

� 1 	 � 1 � 56molL
� 1min

� 1 �
2. In experiments,1, 4 and5, the concentrationof A is constantbut the concentrationof B

changeswhile the rateremainsessentiallyconstant.The partial orderwith respectto B is
therefore0. In experiments1 and2, theconcentrationof B is constantwhile a increasesby a
factorof 2.3. Therateincreasesby a factorof 1.35. It’ s not completelyclearwhattheorder
is, sowe’ll have to do a little algebra:

v ∝ an �� vi

v j

� � ai

a j  n �� n � ln � vi � v j
	

ln � ai � a j
	 �

Fromexperiments1 and2,wegetn � 0 � 36while from experiments1 and3,wegetn � 0 � 33.
Thepartialorderof reactionwith respectto A is thereforeabout1

3. Theoverall orderis

0 � 1
3
� 1

3
�

Theratelaw is
v � ka1� 3 �

We cancalculatetherateconstantfrom eachof theexperimentsby k � v� a1� 3. We get the
following values:

Experiment 1 2 3 4 5 Average
k (mol2� 3L

� 2� 3s
� 1) 14851 15149 14794 15724 14851 1 � 51 � 104

(Samplecalculation,from experiment1:

k � 17 � 103molL
� 1s

� 1� 1 � 5molL � 1 	 1� 3 � 14851mol1
� 1� 3L

� 1 ����� 1� 3� s� 1 � 14851mol2� 3L
� 2� 3s

� 1 ���
Therateconstantis therefore1 � 51 � 104mol2� 3L

� 2� 3s
� 1.
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3. (a)

d � ∆V 	
dt

� � ∆V
RC

�� d � ∆V 	
∆V

� � dt
RC

���� ∆V

∆V0

dx
x

� � 1
RC

� t

0
dt ���

(Note that I’ve replaced∆V by x in the left-handintegral just for clarity. This isn’t a
necessarystep.) � lnx � ∆V

∆V0
� � 1

RC
t ���� t0 �� � t

RC
� ln � ∆V 	 � ln � ∆V0

	 � ln � ∆V
∆V0  � (1)� ∆V

∆V0

� e
� t � � RC � �� V � Veq

� ∆V0e
� t � � RC � �� V � Veq � ∆V0e

� t � � RC � � (2)

(b) All we really have to do is to plug theappropriatevaluesinto equation1 andsolve for
t:

∆V0
� 0 � 100mV ��� 100mV �

∆V � 99 � 100mV �
� 1mV �� t � � � 10 � 106Ω 	 � 15 � 10
� 12F	 ln � � 1mV� 100mV  � 691µs�

4. By stoichiometry, the pressureincreasesby one unit for every unit of acetaldehydecon-
sumed.Accordingly, ∆P representstheamountof acetaldehydeconsumed,andwehave

PCH3CHO
� P0

� ∆P�
(If youlikeamorealgebraicwayof gettingthisequation,hereit is: Thepressureatany time
t is

P � PCH3CHO � PCH4 � PCO �
By stoichiometry, PCH4

� PCO sowehave

P � PCH3CHO � 2PCH4 �
2



Theamountof acetaldehydeconsumedis equalto theamountof methaneproduced,so

PCH4
� P0

� PCH3CHO �� P � PCH3CHO � 2 � P0
� PCH3CHO

	� 2P0
� PCH3CHO �� PCH3CHO

� 2P0
� P � P0

� � P � P0
	 �

But ∆P � P � P0 �� PCH3CHO
� P0

� ∆P� 	
Theinitial pressureis 240torr, sowecancalculatethepressureof acetaldehydeasafunction
of time. Sincewe’regoingto betestingthehypothesesthatwehaveafirst- or asecond-order
reaction,I alsocalculatelnPCH3CHO and1� PCH3CHO:

t (s) PCH3CHO (torr) lnPCH3CHO 1000� PCH3CHO (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 29� 412

1048 22 3 � 091 45� 455
1503 18 2 � 890 55� 556
1891 13 2 � 565 76� 923

Thefirst-orderplot is definitelycurved:
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Here’s thesecond-orderplot:
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If we fit all thepoints,thereisn’t any obviouscurvature,sowe wouldconcludethatthis is a
second-orderreactionwith a rateconstantk � slope� 3 � 70 � 10

� 5 torr
� 1s

� 1. However, the
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pointsat t � 1530s is clearlybad. If we refit thedataomitting this point, theredoesappear
to besomecurvature,althoughit’ s subtle.Frankly, I think you couldarguebothsideswith
this one. I would tendto saythat it’ s not a true second-orderreaction,but it wouldn’t be
unreasonableto concludetheoppositeon thebasisthattheveryslightcurvaturemightbean
experimentalartifact. Incidentally, theslopewe get if we leave the t � 1503s point out of
thedatasetis 3 � 87 � 10

� 5 torr
� 1s

� 1.
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