
Chemistry2000BSpring2002Assignment2 Solutions

1. If 95%hasdecayed,5%remains,i.e. x
�
x0 � 0 � 05. For afirst-orderreaction,

x
x0

� �
1
2 � t � t1� 2 �� ln

�
x
x0 � � t

t1� 2 ln

�
1
2 � �� t � t1� 2 ln � x � x0 	

ln � 1� 2	� � 5 � 3s	 ln � 0 � 05	
ln � 1� 2	 � 23s�

2. (a) Wecancalculatetherateconstantfrom thehalf-life by k � ln2
�
t1� 2. Theresultsat the

two temperaturesareasfollows:

T ( 
 C) T (K) k (min � 1)
140 413.15 0.0154
180 453.15 0.0347

Accordingto theArrheniusequation,k � k∞e � Ea �
� RT � . Therefore

k180

k140
� e � Ea �
� 453� 15R �

e � Ea �
� 413� 15R � � exp

���
Ea

453� 15R � Ea

413� 15R � �� ln

�
k180

k140 � � Ea

R

�
1

413� 15K

�
1

453� 15K � �
� Ea � � 8 � 314510JK � 1mol � 1 	 ln � 0 � 0347min � 1

0 � 0154min � 1 �
1

413� 15K

�
1

453� 15K� 31� 6kJ
�
mol �

To getthepreexponentialfactor, werearrangetheArrheniusequationto k∞ � keEa �
� RT � .
We canuseeitherof thedatapoints.For instance,

k∞ � 0 � 0347min � 1exp

�
31� 6 � 103J

�
mol� 8 � 314510JK � 1mol � 1 	 � 453� 15K 	 � � 150min� 1 �
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(b) This is averysimilarexerciseto question1:

t � t1� 2 ln � x � x0 	
ln � 1� 2	 � � 20min	 ln � 1mg� kg

13mg� kg �
ln � 1� 2	 � 74min �

Meat fried at 180
 C for 74min would look, smell, feel andtastelike shoeleather, so
this isn’t a really practicalway to get the benzylpenicillinlevels down to acceptable
levels.

3. At equilibriumfor this reaction,

k ���A � � k � �B � 2 �� �B � 2�A � � K � k �
k � �� k � � k �

K � 13s� 1

1 � 3 � 1013mol
�
L � 1 � 0 � 10� 12L mol � 1s� 1 �

4. First,we have to calculatethepressuresof all thereactantsandproductsusingtheidealgas
law. For instance,

nHCl � 20g
36� 4606g

�
mol � 0 � 55mol �� PHCl � nRT

V � � 0 � 55mol	 � 8 � 314510JK � 1mol � 1 	 � 673� 15K 	
2 � 10� 3m3 � 1 � 5 � 106Pa � 15atm�

Theactivity of HCl is thereforeaHCl � 15atm
�
1atm � 15. Proceedingsimilarly, weget

n (mol) P (Pa) a
O2 0.25 7 � 0 � 105 6.9
Cl2 0.85 2 � 4 � 106 23
H2O 0.67 1 � 9 � 106 18

Theequilibriumconstantis therefore

K � � aCl2 	 2 � aH2O 	 2� aHCl 	 4 � aO2 	 � � 23	 2 � 18	 2� 15	 4 � 6 � 9	 � 0 � 51�
5. (a) Undertheseconditions,

Q � a2
HI� aH2 	 � aI2 	 � a2

HI

aH2
� 0 � 3002

0 � 400 � 0 � 225�
SinceQ � K, thereactionmustproceedfromleft to right (hydrogenandiodinecombine
into hydrogeniodide)to reachequilibrium.
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(b) Let x theamountof H2 used,expressedasanactivity (proportionalto pressurein atm).

aH2 aHI

Initial 0.400 0.300
Final 0 � 400

�
x 0 � 300 � 2x

Theequilibriumconditionbecomes

K � 0 � 352 � a2
HI

aH2
� � 0 � 300 � 2x 	 2

0 � 400

�
x

�� 0 � 352� 0 � 400

�
x 	�� � 0 � 300 � 2x 	 2 � 0 � 0900� 1 � 20x � 4x2 �� 0 � 4x2 � 1 � 552x

�
0 � 0508�

This lastequationis solvedusingthequadraticequation:

x � �
1 � 552 ��� 1 � 5522

�
4 � 4	 � � 0 � 0508	

2 � 4	 � �
1 � 552 � 1 � 795

8
�

Weknow thatx, theamountof H2 used,hasto bepositive.Therefore,wemusttakethe
positivesignin theaboveequation:

x � �
1 � 552 � 1 � 795

8 � 0 � 030�
Thefinal pressuresof thetwo gasesaretherefore

PH2 � 0 � 4 � 0 � 030atm � 0 � 370atm 
andPHI � 0 � 3 � 2 � 0 � 030	 atm � 0 � 361atm�

6. Thereactionis N2O4 � g�"! 2NO2 � g� . Theequilibriumconstantis thereforeK � a2
NO2

�
aN2O4.

We needto find the pressuresof the reactantandproductto solve this problem. We know
theinitial numberof molesof N2O4:

nN2O4 � 2 � 33g
92� 0110g

�
mol � 0 � 0253mol �� P � i �N2O4 � � 0 � 0253mol	 � 8 � 314510JK � 1mol � 1 	 � 296� 05K 	

1296cm3� 100cm
�
m	 3 � 4 � 81 � 104Pa � 0 � 475atm�

The(total)equilibriumpressure(P) is 441mmHg, which is 0.580atm.Thetotalpressureis
thesumof thepartialpressures:

P � PN2O4 � PNO2 �
Now let x be theamount(expressedasa a pressurein atm)of N2O4 reacted,andconsider
thefollowing table:
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PN2O4 (atm) PNO2 (atm)
Initial 0.475 0
Final 0 � 475

�
x 2x

Thefinal pressure(in atm)is therefore

P � � 0 � 475

�
x 	 � 2x � 0 � 475 � x � 0 � 580atm�� x � 0 � 106atm�� PN2O4 � 0 � 475

�
0 � 106atm � 0 � 369atm 

andPNO2 � 2 � 0 � 106atm	#� 0 � 211atm�� K � 0 � 2112

0 � 369 � 0 � 121�

4


