
Chemistry2720Fall 2001Assignment5 Solutions

1. (a) Vaporizationis theprocessTiCl4 � l ��� TiCl4 � g� . To calculatetheenthalpy of vaporiza-
tion at theboiling point,wecreatea thermodynamiccycle:

liquid at 408K vapor at 408K

liquid at 298K vapor at 298K

1 3

2

Theoverall enthalpy changewill just bethesumsof theenthalpy changesfor steps1,
2 and3. ∆H̄2 is easy:It’s just thestandardenthalpy changefor thereaction:

∆H̄2 � ∆H̄ �f � g��� ∆H̄ �f � g� � � 763� 2 � 	 � 804� 16
 kJ� mol � 41� 0kJ� mol �
Theothertwo stepsarecoolingandheatingsteps.Theenthalpy changefor eachis

∆H̄ � � Tf

Ti

C̄P dT

� � Tf

Ti  A � BT � CT 2 � DT 3 � E � T 2 � dT

� � AT � 1
2

BT 2 � 1
3

CT 3 � 1
4

DT 4 � E � T � Tf

Ti

�
In step1, the heatcapacityparametersarethoseof the liquid, Ti � 408K andTf �
298K.

∆H̄1 � 143� 048
	
298 � 408
�� 1

2

	
7 � 600362 � 10� 3 
 	 2982 � 4082 


� 1
3

	
1 � 530575 � 10� 6 
 	 2983 � 4083 
�� 1

4

	 � 5 � 38376 � 10� 10
 	 2984 � 4084 

� 	 � 20638
�� 1

298 � 1
408�� � 16� 0kJ� mol �
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In step3, thevaporis beingwarmedfrom Ti � 298K to Tf � 408K.

∆H̄3 � 106� 8573
	
408 � 298
�� 1

2

	
1 � 049482 � 10� 3 
 	 4082 � 2982 


� 1
3

	 � 2 � 843 � 10� 7 
 	 4083 � 2983 
�� 1
4

	
2 � 4257 � 10� 11
 	 4084 � 2984 


� 	 � 1043516
 � 1
408 � 1

298�� 10� 8kJ� mol �
Theenthalpy of vaporizationat theboiling point is therefore

∆H̄vap � ∆H̄1 � ∆H̄2 � ∆H̄3 � 35� 7kJ� mol�
(b) Theentropy changeis definedby

∆S̄ � �
dqrev

T
�

A phasechangeat thephasetransitiontemperatureis a reversibleisothermalprocess,
therefore

∆S̄vap � 1
T

�
dqrev � qrev

T � ∆H̄vap

T � 35700J� mol
408K � 87� 5JK � 1mol � 1 �

Entropiesof vaporizationof 80–90JK � 1mol � 1 areextremelycommon.This observa-
tion is known asTrouton’srule. Themostimportantgroupof substanceswhichviolate
this rule arethosewhich form stronghydrogenbonds.For othersubstances,the rule
is generallyso closelyfollowedthat it is sometimesusedto estimatethe enthalpy of
vaporizationgiventheboiling point.

2. (a) This is astraightforwardheatbalanceproblem.Weneedthenumberof molesof iron:

nFe � 20g
55� 85g� mol � 0 � 36mol �

q � 0 � nFeC̄P
�
Fe� ∆TFe � mH2OC̃P

�
H2O� ∆TH2O� 	

0 � 36mol
 	 25� 1JK � 1mol � 1 
 	 Tf � 85� C
� 	
80g
 	 4 � 184JK � 1g � 1 
 	 Tf � 4� C
��� 344Tf � 2103�� Tf � 6� C �
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(b) Theentropy changefor theiron is

∆SFe � �
dqrev

T � � 279K

358K

nFeC̄P
�
Fe� dT

T� 	
0 � 36mol
 	 25� 1JK � 1mol � 1 
 ln � 279

358�� � 2 � 24J� K �
Notetheuseof Kelvin temperaturesin thiscalculation.For thewater, wehave

∆SH2O � �
dqrev

T � � 279K

277K

mH2OC̃P
�
H2O� dT

T� 	
80g
 	 4 � 184JK � 1g � 1 
 ln � 279

277�� 2 � 41J� K �
Theoverallentropy changeis therefore

∆S � ∆SFe � ∆SH2O � 0 � 17J� K �
The secondlaw saysthat that entropy changefor a spontaneousadiabaticprocess
shouldbepositive. We know that temperatureequilibrationis a spontaneousprocess.
The positive entropy changecalculatedis thereforein accordwith the secondlaw of
thermodynamics.

3. We shouldbe ableto calculatethe entropy of waterat any temperaturegiven the entropy
at onetemperatureandtheheatcapacities.Oneway to do this problemis to startwith the
entropy at 0� C andto seeif it is consistentwith oneof theothertwo entropies.If it is, then
it is correct,alongwith the otherentropy which canbe predictedfrom the entropy at the
freezingpoint. If we can’t predicteitherof theothertwo values,thentheentropy at 0� C is
theonethatis wrong.In principle,weshouldbeableto calculatetheentropy of liquid water
at temperatureT by

S̄H2O
	
T 
 � S̄H2O

	
0� C
�� C̄P

� T

273� 15K

dT �
T � � S̄H2O

	
0� C
�� C̄P ln � T

273� 15K � �
Thespecificheatcapacityof liquid wateris 75� 40JK � 1mol � 1. Accordingto appendixC, the
entropy of liquid waterat 0� C is 63� 2JK � 1mol � 1. Theentropy at 25� C shouldthereforebe
69� 8JK � 1mol � 1. Thevaluesof theentropy at0 and25� C arethereforeinconsistent:Oneof
themmustbewrong.If wecalculatetheentropy at100� C startingfrom theentropy at0, we
get86� 7JK � 1mol � 1. This is reasonablycloseto thevaluegivenin theappendix.Thesmall
differenceis attributableto thefact that theheatcapacityisn’t quiteconstant.Thevalueof
theentropy at25� C is thereforewrong.
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This is not atall theonly way to do thisproblem.Wecouldstartfrom ice andshow thatthe
entropy of liquid wateris roughlyconsistentwith theentropy of ice givenin theappendix,
which would of coursereinforceour belief that this valueis correct. Hereis the relevant
calculation:

∆S̄melt � ∆H̄melt

Tmelt
� 21� 99JK � 1mol � 1 �

S̄l
	
0� C
 � S̄s

	
0� C
�� ∆S̄melt � 63� 0JK � 1mol � 1 �

Thelattervalueis within experimentalerrorof thevaluegivenin thetable. We couldthen
show (as we did above) that the value of the entropy at 25� C is wrong. We might then
closethedemonstrationby showing thatthevalueof theentropy of liquid waterat100� C is
consistentwith theentropy of steamby acalculationanalogousto thatshown above.
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