
Chemistry2720Fall 2001Assignment2
Solutions

1. Temperatureis a propertyof objectswhich correlateswith our intuitive
senseof hotness.Heat is an interactionbetweensystemswhich changes
their statesbut is not work. Heatflows spontaneouslyfrom hotterto colder
bodies.

2. (a) Becausetheexternalpressureis constantduringtheexpansion,wejust
havetocalculatew ��� Pext∆V , i.e.weneedthechangein volume.The
first threebitsof datatell ustheinitial volume:

P � �
1 � 08atm� � 101325Pa� atm� � 109431Pa

T � 20 � 273� 15K � 293K� Vi
� nRT

P� �
18mol� � 8 � 314510JK 	 1mol 	 1 � � 293K �

109431Pa� 0 � 40m3

Thefinal volumeis calculatedanalogously:

P � �
0 � 35atm� � 101325Pa� atm� � 35464Pa� Vf

� nRT
P� �
18mol� � 8 � 314510JK 	 1mol 	 1 � � 293K �

35464Pa� 1 � 23m3

Thework is then

w � � Pext∆V �
� Pext
�
Vf
� Vi �� � � 35464Pa� � 1 � 23 � 0 � 40m3 �� � 29kJ

Thenegativesigntellsusthatwork is doneby thesystem,i.e. thatthe
systemexpendsenergy in the form of work. This makessensesince
thevolumeincreases.Thesystempushesout againstits surroundings
to expand,andthis requireswork.
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(b) If thesystem(thenitrogengas)performswork, thenin principle this
work canbeusedto raiseamass.Thus,themassis raisedby

h � w
mg

� 29 � 103J�
2 � 3kg� � 9 � 80665m� s2 � � 1 � 3km �

3. Themolarwork is

w̄ ���� V̄ f

V̄i

PdV̄ �
Wecaneasilysubstitutetheequationfor P into thisequationandit’ sreason-
ably easyalsoto do the integral. However, we alsoneedV̄i andV̄f . These
areobtainedfrom theequationof stateitself:

P � 1
κT

ln � V̄ �̄
V � � P �� κT

�
P � P � � � ln � V̄ �̄

V �� V̄ �̄
V

� eκT � P 	 P ���� V̄ � V̄ � e 	 κT � P 	 P � �
Theinitial pressureis 1atm(101325Pa),sotheinitial molarvolumeis

V̄i
� � 7 � 093 � 10	 6m3 � mol� e0 � 7 � 093 � 10	 6m3 � mol �

Thefinal pressureis 1000atm(1 � 013 � 108atm),sothefinal molarvolume
is

V̄f
� �

7 � 093 � 10	 6m3 � mol� e 	 � 7 � 25 � 10� 12Pa� 1 � � 1 � 013� 108 	 101325Pa�� 7 � 088 � 10	 6m3 � mol �
Thework is then

w̄ � �  V̄ f

V̄i

PdV̄� �� V̄ f

V̄i � 1
κT

ln � V̄ �̄
V � � P ��� dV̄

� � � 1
κT
� V̄ ln � V̄ �̄

V � � V̄ � � P � V � V̄ f

V̄i� � � 9 � 783453� 105 � 9 � 783455� 105J�� 0 � 2J�
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Thework is tiny, especiallywhenweconsidertheenormouschangein pres-
sure.Ignoringpressure-volumetermsfor solidsshouldthereforebesafe.
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