
Chemistry2000BSpring2002Assignment5 Solutions

1. (a) Thereactionis

C6H5COOH�
s��� 15

2
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�
g��� 7CO2
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g��� 3H2O �

l ���
Therefore

∆H̄ �
	 7∆H̄ �f � CO2 � � 3∆H̄ �f � H2O � l � �� ∆H̄ �f � C6H5COOH�� 15
2

∆H̄ �f � O2 �	 7 �  393� 509� � 3 �  285� 830�  �  384� 8�  15
2

� 0� kJ� mol	  3227� 3kJ� mol�
nC6H5COOH 	 1 � 0043g

122� 123g� mol
	 8 � 2237 � 10� 3mol �� q 	 nC6H5COOH∆H̄ � 	�� 8 � 2237 � 10� 3mol���  3227� 3kJ� mol�	  26� 540kJ�

(b) No. A bombcalorimeteris a constantvolumedevice. Theheatproducedat constant
volumeis notnecessarilythesameastheheatat constantpressure.

2. (a) The densityof wateris about1g� mL. Sincegingerale won’t have exactly the same
densityaswaterat thesametemperature,thereis nopoint usingamoreaccuratevalue
thanthis. Accordingly, 300mL of gingerale weighsabout300g. If thereis no heat
exchangewith theroom,wehave

q 	 0 	 �
gingerale

coolingto 4� C � � �
glass

coolingto 4� C � � �
ice

warmingto 0� C �
� �

ice
melting � � �

meltedice
warmingto 4� C �	 � 300g��� 4 � 18JK � 1g � 1 ��� 4  30� C� � � 94J� K ��� 4  30� C�� mice � 2 � 06JK � 1g � 1 ��� 0  �  5� C��� � mice � 333J� g�� mice � 4 � 18JK � 1g � 1 ��� 4  0� C�	  35048J � � 360J� g� mice �� mice 	 97g �

(b) Eachicecubehasavolumeof � 2 � 7cm� 3 	 20cm3. Sincethedensityof iceis 0 � 917g� cm3

(p 32 of the textbook), this correspondsto 18g per ice cube. You thereforeneedfive
icecubesto cool your drink. Hopefully, your glassis largeenoughfor this!



(c) As your drink beginsto cool below roomtemperature,heatwill tendto flow from the
surroundingsinto yourdrink. It will thereforebenecessaryto addslighly moreicethan
calculatedabove.

3. (a)

∆Ḡ � 	 ∆Ḡ � f � COCl2 �� ∆Ḡ � f � CO�� ∆Ḡ � f � Cl2 �	  204� 6  �  137� 168�  0kJ� mol 	  67� 4kJ� mol �� K 	 e � ∆Ḡ � � � RT �
	 exp ! 67� 4 � 103J� mol� 8 � 314510JK � 1mol � 1 ��� 298� 15K �#"	 6 � 51 � 1011 �

(b) Theequilibriumconstantis enormous,sothereactionwill proceeduntil just aboutall
of the limiting reagent(chlorine) is usedup. Accordingly, the equilibrium pressures
of COCl2 andof CO are0.25and0.15atm,respectively. Theequilibriumpressureof
chlorinecanbecalculatedfrom theequilibriumrelation:

K 	 aCOCl2� aCO ��� aCl2 � �� aCl2 	 aCOCl2

KaCO
	 0 � 25� 6 � 51 � 1011��� 0 � 15� 	 2 � 6 � 10� 12 �

Theequilibriumpressureof chlorinegasis therefore2 � 6 � 10� 12atm.

4. Thereactionis
Fe� s� � 5CO�

g��$ Fe� CO� 5
�
l � �

For this reaction,

Q 	 1� aCO� 5 �
Thereareat leasttwo waysto solve this problem:

(a) ThereactionbecomesspontaneouswhenQ % K. WecancalculateK asfollows:

∆Ḡ �
	 ∆Ḡ � f � Fe
�
CO� 5 �  ∆Ḡ � f � Fe�  5∆Ḡ � f � CO�	  705� 3  0  5 �  137� 168kJ� mol�&	  19� 5kJ� mol �� K 	 e � ∆Ḡ � � � RT �

	 exp ! 19� 5 � 103J� mol� 8 � 314510JK � 1mol � 1 ��� 298� 15K � "	 2 � 57 � 103 �� � aCO� 5 ' 1
2 � 57 � 103 	 3 � 90 � 10� 4 �� aCO

' 0 � 208�
2



ThereactionthereforebecomesspontaneouswhenPCO
' 0 � 208atm.

(b) The reactionbecomesspontaneouswhen∆Ḡ % 0. Since∆Ḡ 	 ∆Ḡ � � RT lnQ, spon-
taneityrequiresthat

∆Ḡ � %  RT lnQ �� lnQ %  ∆Ḡ �
RT �� Q % e � ∆Ḡ � RT 	 K �

Therestof thecalculationsareidenticalto thoseusedin thefirst approach.

5. Solidbariumsulfatedissociatesin water:

BaSO4
�
s� $ Ba2(�

aq� � SO2 �4
�
aq� �

Theequilibriumconstantfor this reactionis Ksp 	 1 � 1 � 10� 10. Fromthis equilibriumcon-
stant,wecancalculatethestandardfreeenergy of reaction:

∆Ḡ � 	  RT lnK	  � 8 � 314510JK � 1mol � 1 ��� 298� 15K � ln � 1 � 1 � 10� 10�	 57kJ� mol �
Also, ∆Ḡ �
	 ∆Ḡ � f � Ba2) � � ∆Ḡ �

f
�
SO2 *

4 �  ∆Ḡ � f � BaSO4 � �� ∆Ḡ � f � Ba2) � 	 ∆Ḡ �  ∆Ḡ �
f
�
SO2 *

4 � � ∆Ḡ � f � BaSO4 �	 57  �  744� 00� � �  1362� 2kJ� mol�+	  561kJ� mol �

3


