
Solutionsto thePracticeProblemsonEquilibrium

1. (a) K � a2
CO�

aC � � aCO2 � �
�
PCO � P � � 2�

1� � PCO2 � P � � � P2
CO

P � PCO2

(b) K � aH2CO3�
aCO2 � � aH2O � � �H2CO3 � � c ��

PCO2 � P � � XH2O

� P � �H2CO3�
c � PCO2XH2O

It is usuallythecasethatthemolefractionof thesolventis verycloseto 1. It is thenareasonable
approximationto write

K � P � �H2CO3 �
c � PCO2 �

(c) K � �
aNH3 � 2 � aCO2 � � aH2O �

a � NH4 	 2CO3

� �
PNH3 � P � � 2 � PCO2 � P � � � PH2O � P � �

1
� P2

NH3
PCO2PH2O�
P � � 4

(d) K � �
aBa2
 � � aOH� � 2

aBa� OH 	 2 � � �Ba2� � � c � � � �OH
 � � c � � 2
1

� �Ba2� � �OH
 � 2�
c � � 3

BecauseP � � 1atmandc � � 1mol� L, we don’t normallywrite down thesefactors.However, it then
becomesessentialto rememberto expressconcentrationsin mol/L andpressuresin atm.

2. Thereactionratiofor thisreactionis Q � a2
I � aI2. Accordingto themeasurements,aI2

� �
0 � 87atm� � � 1atm� �

0 � 87 andaI
� 8 � 2 � 10
 7. The reactionratio thereforehasthevalueQ � 7 � 7 � 10
 13. Sincethis is

muchsmallerthantheequilibriumconstant,thereactionis not in equilibrium.In fact,thedissociation
of iodinemoleculesis spontaneousundertheseconditions.

3. Theequilibriumconstantis K � �
aPCl3 � � aCl2 �

aPCl5

� �
0 � 56� � 0 � 17�
1 � 8 � 10
 3

� 53.

4. Wecan’t doanything in theseproblemswithouta balancedreaction.Thereactionis

SO2 � g	�� 1
2

O2 � g	�� SO3 � g	 �
Thecorrespondingequilibriumconstantis

K � aSO3�
aSO2 � � aO2 � 1� 2 �

Note that thedataaregiven to us in thewrong form: Theactivities of gasesarecomputedfrom the
pressure,notfrom thenumberof molesin alitre. However, theidealgaslaw letsuscalculatepressures
from theseconcentrations:P � RT � n

V � . I like to do calculationswith the idealgaslaw in SI units,
becauseit’s lesslikely that I will make mistakes if I’m completelyconsistentaboutthis. Thereare
1000L in 1m3, sotheconcentrationof (for instance)sulfur dioxidein SI unitsis 3 � 77mol� m3. Thus

PSO2
� �

8 � 314510JK 
 1mol
 1 � � 1000K � � 3 � 77mol� m3 � � 31� 3kPa � 0 � 309atm�
1



Similarly, PSO3
� 0 � 339andPO2

� 0 � 353atm. Theequilibriumconstantis therefore

K � 0 � 339�
0 � 309� � 0 � 353� 1� 2 � 1 � 85�

Note that we neededthe balancedreactionto determinethe form of the equilibrium constant.We
couldhave balancedthereactiondifferently. For instance,we couldhave avoidedtheuseof fractions
by multiplying thereactionby 2:

2SO2 � g	 � O2 � g	 � 2SO3 � g	 �
Theequilibriumconstantwould thenhave been

K � a2
SO3�

aSO2 � 2 � aO2 � � 3 � 41�
Thevalueof theequilibriumconstantdependsonhow webalancethereaction.In fact,anequilibrium
constantnot accompaniedby a balancedreactionis meaningless.In somecasesto bediscussedlater
(e.g. solubility, acid dissociation),there is a convention abouthow we shouldwrite the reaction.
Otherwise,youmustalwaysgive abalancedreactionwhenstatinganequilibriumconstant.

5. We needto know theinitial pressureof iodine. We cangetthis from theidealgaslaw (P � nRT � V ),
but first we needto know thenumberof moles.

nI2
� 25g

253� 808g� mol
� 0 � 098mol �

Theinitial pressureof moleculariodineis therefore

PI2 � initial
� �

0 � 098mol � � 8 � 314510JK 
 1mol
 1 � � 1000K �
12 � 10
 3m3

� 68kPa � 0 � 67atm�
Wewantto determinethestoichiometricrelationshipsamongtheactivities (whichenterinto theequi-
librium ratio). Sincepressureis proportionalto numberandactivity is proportionalto pressure,we
have

Initial Final
aI2 0.67 aI2

aI 0 2
�
0 � 67 � aI2 �

The lastentry in the tableis obtainedby stoichiometry:Thenumberof iodine moleculesreactedis
calculatedby subtractingthe final amountfrom the initial. The numberof iodine atomsformedis
twice aslarge,by stoichiometry. Usingthedatain thetable,we seethat theequilibriumrelationship
is

K � 0 � 31 � a2
I

aI2

��� 2 � 0 � 67 � aI2 ��� 2
aI2 �� 0 � 31aI2

� 1 � 80 � 5 � 36aI2 � 4a2
I2 �

2



� 0 � 4a2
I2
� 5 � 67aI2 � 1 � 80�� aI2

� 5 � 67 ��� 5 � 672 � 4
�
4� � 1 � 80�

2
�
4�� 5 � 67 � 1 � 83

2
�
4�� 0 � 94 or 0 � 48

The first solutionis wrong: It correspondsto a larger I2 pressurethanwe startedwith. Thesecond
solution is the physicallycorrectone. The equilibrium pressuresare thereforePI2

� 0 � 48atm and
PI
� 2

�
0 � 67 � 0 � 48atm� � 0 � 38atm.

6.

PCOBr2 � initial
� �

0 � 015mol � � 8 � 314472JK 
 1mol
 1 � � 346� 15K �
2 � 5 � 10
 3 m3

� 17kPa � 0 � 17atm�
Initial Final

aCOBr2 0.17 0 � 17 � x
aCO 0 x
aBr2 0 x

K � 5 � 4 �
�
aCO � � aBr2 �

aCOBr2

� x2

0 � 17 � x �� x2 � 5 � 4 � 0 � 17 � x � �� 0 � x2 � 5 � 4x � 0 � 92�� aCO
� aBr2

� x � 1
2

� � 5 � 4 �� 5 � 42 � 4
� � 0 � 92�"!� 0 � 165�� aCOBr2

� 0 � 17 � x � 0 � 005�
Thetotal pressureis

P � PCOBr2 � PCO � PBr2
� 0 � 005 � 0 � 165 � 0 � 165atm � 0 � 34atm�

3


