
Chemistry2000Spring2001SectionB Test1 Solutions

1. (a) We first compareexperiments1 and2. At constant
�
O2 � , the concentrationof NO is

doubled,resultingin a (roughly) fourfold increasein the rate. Thus, the orderwith
respectto [NO] is 2. Experiments1 and3 werecarriedout at identicalNO concentra-
tions but the oxygenconcentrationin experiment3 wasdoublethat in experiment1.
Theratealsodoubled,sotheorderwith respectto

�
O2 � is 1. Theratelaw is therefore

rate � k
�
O2 � �NO� 2 �

(b) Weshouldgetsimilarvaluesusingany of thethreeexperiments.Fromthefirst, weget

k � rate�
O2 � �NO� 2 � 2 � 8 � 10� 5molL � 1s� 1�

0 � 0010mol� L � � 0 � 0020mol� L � 2 � 7 � 0 � 103L2mol � 2s� 1 �
2. 1L of solutioncontains9.919mol of ethanolandweighs913.9g. Themolarmassof ethanol

is 46.068g/mol. Thus

meth � � 9 � 919mol� � 46� 068g� mol�	� 456� 9g �
Therest(457.0g) is water. Themolarmassof wateris 18.015g/molsothenumberof moles
of wateris

nH2O � 457� 0g
18� 015g� mol

� 25� 368mol �
Themolefractionof ethanolis therefore

Xeth � 9 � 919mol
9 � 919 
 25� 368mol

� 0 � 2811�
3. By stoichiometry, if westartwith 0.9atmof dimethyletherandform 0.7atmof methane,we

have used0.7atmof dimethylether. We thushave 0.2atmleft. We needto find t suchthat
x � 0 � 2atmwith x0 � 0 � 9atm:

0 � 2atm � 0 � 9atm

�
1
2 � t 
 1733s

� 0 � 2
0 � 9 � 0 � 22 � �

1
2 � t 
 1733s

� ln
�
0 � 22��� ln � � 1

2 � t 
 1733s� � t
1733s

ln

�
1
2 �� t � �

1733s� ln � 0 � 22�
ln
�
1� 2� � 3786s � 1h3min
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4. If thereactionis first order, a plot of ln
�
A � vs t shouldgivea straightline. If thereactionis

secondorder, aplot of 1� �A � vs t shouldgiveastraightline. Conversely, if weusethewrong
plot, thedatawill notfit a line.

5. Wehaveapairof equationsin two unknowns:

0 � 085s� 1 � k∞ exp ��� Ea
750R � (477� C � 750K)

140s� 1 � k∞ exp ��� Ea
1000R � (727� C � 1000K)

If we divide thesetwo equations,we eliminatek∞ andobtaina singleequationin oneun-
known:

0 � 085
140

� 6 � 07 � 10� 4 � exp ��� Ea
750R �

exp ��� Ea
1000R �� exp

� � Ea

750R

 Ea

1000R �� exp � Ea

R

�
1

1000K
� 1

750K ���� exp

� � 3 � 33 � 10� 4K � 1Ea

R �� ln
�
6 � 07 � 10� 4 �	��� 7 � 41 � � 3 � 33 � 10� 4K � 1Ea

R� Ea

R
� 2 � 22 � 104K� Ea � �

8 � 314510JK � 1mol � 1 � � 2 � 22 � 104K �	� 185kJ� mol

To getk∞, wecangobackto eitherof theoriginalequations.For instance,

0 � 085s� 1 � k∞ exp

� � Ea

750R � � 1 � 35 � 10� 13k∞� k∞ � 6 � 3 � 1011s� 1

6. (a)
d
�
HBr �
dt

� k1
�
H � �Br2 � � k � 1

�
HBr � �Br �

(b) At equilibrium,

d
�
HBr �
dt

� 0� k1
�
H � �Br2 � � k � 1

�
HBr � �Br �� K � �

HBr � �Br ��
H � �Br2 � � k1

k � 1

(c) k � 1 � k1 � K � 1 � 4 � 10� 20L mol � 1s� 1
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