
Chemistry2720Fall 2002Test1 Solutions

1.

dw � � Pext dV � but in a reversibleprocess,Pext
� P,� w � � � V f

Vi

PdV ��� nRT
� V f

Vi

dV
V

��� nRT ln � Vf

Vi � � nRT ln � Vi

Vf �
	
T � 300 � 273	 15K � 573	 15K 	
Vi

� 1L
1000L � m3

� 1 
 10� 3m3 	
Vf

� 30 
 10� 3L
1000L � m3

� 3 	 0 
 10� 5m3 	� w � � 8mol� � 8 	 314472JK � 1mol � 1 � � 573	 15K � ln � 1 
 10� 3m3

3 	 0 
 10� 5m3 �� 1 	 3 
 105J	
Thework is positive, which indicatesthatwork is beingdoneon thesystem,which makes
sensesincethegasis beingcompressed.

2. Thereactionis
CaO� s� � CO2 � g��� CaCO3 � s� 	

Theheatat constantvolumeis ∆E. To get∆E, wefirst calculate∆H̄.

∆H̄ � ∆H̄ �f � CaCO3 � ��� ∆H̄ �f � CaO� � ∆H̄ �f � CO2 ���� � 1206	 9 ����� 634	 92 � ��� 393	 51��� kJ� mol ��� 178	 5kJ� mol 	∆n̄gas
� 0 � 1 ��� 1 	� ∆Ē � ∆H̄ � RT ∆n̄gas� � 178	 5kJ� mol ��� 8 	 314472 
 10� 3kJK � 1mol � 1 � � 298	 15K � ��� 1�� � 176	 0kJ� mol 	

nCaO
� 18g

56	 077g� mol
� 0 	 32mol 	� q � ∆E � n∆Ē� � 0 	 32mol� ��� 176	 0kJ� mol� ��� 56	 5kJ	

q is negative,thereforeheatis producedin thecourseof this reaction.
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3. Thereactionis
C3H8 � g� � 5O2 � g��� 3CO2 � g� � 4H2O � g� 	

At 25� C, wehave

∆H̄25
� 3∆H̄ �f � CO2 � � 4∆H̄ �f � H2O� � ∆H̄ �f � C3H8 �� 3 ��� 393	 51� � 4 ��� 241	 826� ����� 103	 85� kJ� mol ��� 2043	 98kJ� mol 	

To calculatetheheatat 400� C, we imaginethefollowing sequenceof steps:

C3H8 � g� � 5O2 � g� at 400� C 1� C3H8 � g� � 5O2 � g� at25� C
2� 3CO2 � g� � 4H2O � g� at 25� C 3� 3CO2 � g� � 4H2O � g� at 400� C 	

Wecancalculate∆H̄ for eachof thesteps:

∆H̄1
� ! C̄P � C3H8 � � 5C̄P � O2 �#" ∆T1� $ 73	 6 � 5 � 29	 35� JK � 1mol � 1 % � 25 � 400� C�� � 82	 63kJ� mol 	∆H̄2
� ∆H̄25

��� 2043	 98kJ� mol 	∆H̄3
� ! 3C̄P � CO2 � � 4C̄P � H2O��" ∆T2� $ 3 � 37	 1�&� 4 � 33	 58� JK � 1mol � 1 % � 400 � 25� C�� 92	 11kJ� mol� ∆H̄400
� � 82	 63 � ��� 2043	 98� � 92	 11kJ� mol ��� 2034	 50kJ� mol	

Thereactionliberateslessheat(∆H̄ is lessnegative)at 400� C.

4. At leastsomeof the ice will melt. This will cool the dichloroaceticacid (DCA). We first
needto determineif the DCA will reachits freezingpoint. The thermodynamicdatafor
DCA is givenonamolarbasis,sowewill needto determinethenumberof molesof DCA:

nDCA
� 150g

128	 94g� mol
� 1 	 16mol 	

To getfrom its initial temperatureto its freezingpoint, theDCA will release

q293' 15( 286' 5 � nDCAC̄P � DCA ) l * � ∆T� � 1 	 16mol� � 207JK � 1mol � 1 � � 286	 5 � 293	 15K �� � 1601J	
Ontheotherhand,50g of icecanabsorb

qmelt 50g ice
�+� 333	 4J� g� � 50g� � 16670J
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while melting.TheDCA will clearlyreachits meltingpoint. Will it all freeze?

qfreeze150g DCA
�,� 1 	 16mol� ��� 12	 34kJ� mol� ��� 14355J	

Thesumof theheatsreleasedby coolingandfreezingtheDCA are

qliquid DCA@293' 15-.( solid DCA@286' 5 �/� 1601� ��� 14355� J ��� 15957J	
This is justslightly less thantheamountof heatabsorbedby melting50g of ice. Thismeans
that all the DCA will freeze. However, it now seemslikely that all of the ice will melt as
well. To verify this,wecalculatetheheatrequiredto coolall of theDCA down to 0� C from
its freezingpoint:

qcool 150gsolid DCA to 0- � nDCAC̄P � DCA ) s * � ∆T� � 1 	 16mol� � 182	 30JK � 1mol � 1 � � 273	 15 � 286	 5K �� � 2831J	� qliquid DCA@293' 15- ( solid DCA@273' 15
� � 1601� ��� 14355� � ��� 2831� J �/� 18788J	

Thereclearly isn’t enoughheatto be liberatedby melting the ice to cool the liquid DCA,
freezeit, and thencool all of the solid DCA to zero. This meansthat all of the ice will
melt. Thefinal stateof thesystemwill consistof 150g solid DCA and50g liquid waterat
a temperaturebetweenthefreezingpointsof waterandDCA. We just needto solve for the
final temperatureTf . Theheatbalanceequationto besolvedis

q � 0 � 0 cool
liquid DCA 1 �32 freezeDCA 4 � 0 cool

solidDCA 1� 2 melt ice 4 � 0 warm
liquid water 1� � 1601J � ��� 14355J� � nDCAC̄P � DCA ) s* � � Tf

� 286	 5K �� 16670J � mH2OC̃P � H2O ) l * � � Tf
� 273	 15K � 	� 421Tf

� 117189	� Tf
� 278K 	
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