
Chemistry2000Spring2002MidtermExamination
Solutions

1. (a) Theconcentrationsin experiments1 and2 arein a 3:1 ratio, asarethe rates.This is
thereforeafirst-orderreactionwith ratelaw

v � k
���

CH3N � 2 ���
Therateconstantcanbedeterminedfrom eitherexperiment:

k � v���
CH3N � 2 � � 6 � 0 	 10
 6molL 
 1s
 1

2 � 4 	 10
 2mol� L � 2 � 5 	 10
 4s
 1 �
(b)

v � d
�
C2H6 �
dt � ∆

�
C2H6 �
∆t �
 ∆t � ∆

�
C2H6 �

v
� 10
 4mol� L

6 � 0 	 10
 6molL 
 1s
 1
� 17s�

2. If it’ sa first-orderreaction,a graphof ln
�
percent� vs t shouldbea straightline of slope � k.

In thiscase,wehave

t (min) 2.21 5.16 13.26 22.84 40.52 60.41
ln
�
%bp� 4.55 4.42 4.17 3.78 3.14 2.30

My graphis shown in Fig. 1. The datafit a straightline reasonablywell, which confirms
thatthedecompositionof bp is afirst-orderprocess.Therateconstantis foundby takingthe
slopeof theline. Theline passesthroughthepoints

�
0 � 4 � 65� and

�
70� 1 � 98� (estimatedfrom

thegraph).Theslopeis therefore

slope� ∆y
∆x

� 4 � 65 � 1 � 98
0 � 70min

� � 0 � 0381min
 1 �
Sincetheslopeis � k, thismeansthatk � 0 � 0381min
 1.

3. (a)

k � k∞e 
 Ea ��� RT �� �
1 � 2 	 1010L mol 
 1s
 1 � exp

� � 17� 5 	 103J� mol�
8 � 314472JK 
 1mol 
 1 � � 243� 15K ���� 2 � 09 	 106L mol 
 1s
 1 �
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Figure1: Plotof ln
�
%bp � vs t from thedataof question2.

(b)
d
�
OH�
dt

� � k
�
OH� � CF3CH2OCHF2 �

(c) If the initial concentrationsare equal,thenby stoichiometrythe two concentrations

remainequalfor all time. Thus
d
�
OH�
dt

� � k
�
OH� 2, which is a simplesecond-order

reaction.

(d) Accordingto thesecond-orderintegratedratelaw,

t � 1
k

�
1�
R� � 1�

R� 0 � ��
R� � 0 � 10

�
R� 0 � 0 � 00405mol� L �
 t � 1

2 � 09 	 106L mol 
 1s
 1

�
1

0 � 00405mol� L � 1
0 � 0405mol� L �� 1 � 06 	 10
 4s�

4.

Q � �
aPCl3 � � aCl2 �

aPCl5

� �
0 � 223� � 0 � 111�

0 � 177
� 0 � 140 � K �

This meansthat theamountsof productswill have to increaseto reachequilibrium,which
in turnmeansthatthereactionis spontaneousaswritten.

2



5. Potassiumhydroxideis astrongbase.Accordingly,
�
OH 
 � � 1 � 3 	 10
 4mol� L. SinceKw

��
aH � � � aOH� � ,

aH � � Kw

aOH� � 2 � 9 	 10
 15

1 � 3 	 10
 4
� 2 � 2 	 10
 11 �
 pH � � log10aH � � 10� 65�

6. K � a2
Br

aBr2

� �
PBr � P ��� 2
PBr2 � P � . We needto know theequilibriumpressuresof bromineatomsand

molecules.Thenumberof molesof Br2 at equilibriumis 100 � 1 � 20% � 98� 8% of the ini-
tial number, i.e.

�
0 � 988� � 1 � 05mol� � 1 � 0374mol. Thenumberof moleculesdissociatedis�

0 � 0120� � 1 � 05mol� � 0 � 0126mol. Thenumberof bromineatomsproducedis twiceaslarge
(bystoichiometry),sonBr

� 0 � 0252mol. Thevolumeof theflaskis
�
0 � 980L ��� � 1000L � m3� �

9 � 80 	 10
 4m3. Thetemperatureis 1600� 273� 15K � 1873K. Thepressuresof thereactant
andproductaretherefore

PBr2
� nBr2RT

V� �
1 � 0374mol� � 8 � 314472JK 
 1mol 
 1 � � 1873K �

9 � 80 	 10
 4m3� 1 � 65 	 107Pa � 163atm�
PBr

� nBrRT
V� �

0 � 0252mol� � 8 � 314472JK 
 1mol 
 1 � � 1873K �
9 � 80 	 10
 4m3� 4 � 00 	 105Pa � 3 � 95atm�
 K � 3 � 952

163
� 9 � 60 	 10
 2 �

7. In theseproblems,we only ever needto worry aboutthe first proton. By Le Chatelier’s
principle, we know that the acidic environmentcreatedby the first protonwill inhibit the
dissociationof thesecondproton.Therelevantequilibriumis thus

C2O4H2 � aq�! C2O4H 
 � aq� � H " � aq�
for whichwehave

Ka
� �

aC2O4H � � � aH � �
aC2O4H2

�
TheKa is quitelarge.It seemsextremelylikely thatwewill beableto ignoretheautoioniza-
tion of water. However, weprobablyshouldnot treatthisequilibriumasif little dissociation
occurredbecauseof thesizeof theequilibriumconstant.Supposethattheamountof oxalic
acidwhichdissociates,expressedin termsof activities, is x. Then
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aC2O4H2 aC2O4H � aH �
Initial 0.043 0 0
Change � x x x
Final 0 � 043 � x x x

TheKa expressionbecomes

6 � 5 	 10
 2 � x2

0 � 043 � x �
 0 � x2 � 6 � 5 	 10
 2x � 2 � 795 	 10
 3 �
 x � 1
2

� � 6 � 5 	 10
 2 #%$ �
6 � 5 	 10
 2 � 2 � 4

� � 2 � 795 	 10
 3 � �� 2 � 96 	 10
 2 �
 aH � � 2 � 96 	 10
 2 �
 pH � � log10aH � � � log10
�
2 � 96 	 10
 2 � � 1 � 53�
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