
Chemistry2710Spring2002Test1 Solutions

1.

dx
dt

� � kx �� k � � 1
x

dx
dt

�
In this case,� dx

�
dt � 651atoms

�
s. All we needto do is to calculatethenumberof atoms

of 238U (x) in thesample.

n238
� � 0 � 992832� 0 � 0532g

238� 029229g
�
mol

� 2 � 22 � 10� 4mol �� x � � 2 � 22 � 10� 4mol� � 6 � 0221420 � 1023mol � 1 � � 1 � 34 � 1020 �� k � 651s� 1

1 � 34 � 1020
� 4 � 87 � 10� 18s� 1 �� t1	 2 � ln2

k
� ln2

4 � 87 � 10� 18s� 1
� 1 � 42 � 1017s
 1 � 42 � 1017s� 3600s

�
h� � 24h

�
d� � 365� 25d

�
y � � 4 � 51 � 109y �

2. (a) The concentrationof CH3NNCH3 increasesby a factor of 3 from experiment2 to
experiment1 andthe rate increasesin the sameproportion. This is thereforea first-
orderreaction:

v � k �CH3NNCH3 � �
Therateconstantcanbeobtainedfrom eitherexperiment.For instance:

k � v�CH3NNCH3 � � 6 � 0 � 10� 6molL � 1s� 1

2 � 4 � 10� 2mol
�
L

� 2 � 5 � 10� 4s� 1 �
(b)

v 
 ∆ �C2H6 �
∆t� ∆t 
 ∆ �C2H6 �
v� 10� 4mol

�
L

6 � 0 � 10� 6molL � 1s� 1
� 17s�
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(c) This reactionis almostcertainlynot elementary. In order for it to be an elementary
reaction,bothC-N bondswouldhaveto breakwhile theC-Cbondsin ethanearemade.
However, asimpleVSEPRmodelof thereactantshows thatthetwo methylfragments
arequitefar apartin thecis isomer:

N N
CH3 CH3

(It’ s muchworsein thetransisomer.) It seemshighly unlikely that this bondcouldbe
madein thesamestepastheC-N bondbreakingevents.

3. (a) 2NO� g��� Br2 � g��� 2NOBr� g�
(b) For theoverall reaction,

K � �NOBr� 2�NO� 2 �Br2 � �
Using the principle of detailedbalance,for the individual elementaryreactions,we
have

k1 �NO� �Br2 � � k � 1 �NOBr2 �
andk2 �NOBr2 � �NO� � k � 2 �NOBr� 2

Thesecanberearrangedto �NOBr2 ��NO� �Br2 � � k1

k � 1

and
�NOBr� 2�NOBr2 � �NO� � k2

k � 2
�

If wemultiply thesetwo equationstogether, weget�NOBr� 2�NO� 2 �Br2 � � k1k2

k � 1k � 2
�

Theequilibriumconstantis therefore

K � k1k2

k � 1k � 2
�

4. (a) Therateconstantis theabsolutevalueof theslopeof agraphof ln I vs t, whereI is the
EPRintensity. Wemustthereforecalculateln I:

t (min) 2.6 3.4 4.4 5.4 6.9 8.4 10.1
ln I � 0 � 6162 � 0 � 8440 � 1 � 0217 � 1 � 3471 � 1 � 5606 � 1 � 8971 � 2 � 1203
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Althougha graphisn’t required,here’s mine,just to convinceyou that thebehavior is
thatof afirst-orderprocess:
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Theslopeof theline of bestfit is � 0 � 202min � 1 sotherateconstantis

k � 0 � 202min � 1 �
Thehalf-life is therefore

t1	 2 � ln2
k

� ln2
0 � 202min � 1

� 3 � 43min �
(b)

x � x0e � kt �� ln

�
x
x0 � � � kt �� t � 1

k
ln � x0

x �� 1
0 � 202min � 1 ln

�
1

0 � 01 � � 22� 8min �
5. The bestway to handlethis questionis to use van’t Hoff ’s method, i.e. to plot lnv vs

ln � pyrrolidone� . If thedataobey asimpleratelaw, this shouldgiveastraightline.
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ln � pyrrolidone� � 0 � 6931 1.0986 1.6094 2.3026
lnv � 0 � 0965 1.3507 1.7884 1.8749

Hereis my plot:
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Thedatado not fit astraightline, thereforetheratedoesnotobey a simplepower law.
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