
Chemistry2720Fall 2001Assignment3 Solutions

1. The heatof condensationof steamis very large. Eachgramof steamreleases2257J of
heaton condensing.On the otherhand,a gramof liquid waterat 100

�
C which comesto

equilibriumwith skinata temperatureof 37
�
C only releases

mC̃P∆T � �
1g� � 4 � 184JK � 1g � 1 � � 37 � 100� K ��� 264J�

In otherwords,condensingsteamcandeliverover eighttimesmoreheatthananequivalent
amountof liquid water.

2. The melting temperatureis the easiestthing to get, so let’s start there. It’s the flat part of
thediagram.Thetemperatureinitially dropsbelow themelting temperature.That’s super-
cooling. Anyway, by makinga few measurementson the graph,I found that the melting
temperatureis 1242K.

Theheatbalancefor thecalorimetryexperimentis

q � �
cool

sample 	�
 � warm
calorimeter 	 � 0 �� 0 � �

518� 05g� C̃P
�
24� 33 � 100� 0� C� 
 � 8403J K � � 24� 33 � 22� 04

�
C���� C̃P � 19� 2 � 103J

39� 2 � 103gK
� 0 � 491JK � 1g � 1

3. Thesteam(convertedto water)andliquid waterreachthesamefinal temperatureatequilib-
rium. Theheatbalanceis
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������
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Note that writing down in wordswhat will happenalsoallows you to organizeyour data,
whichmakesit easierto solvetheproblem.In fact,now all wehaveto dois to write down in
mathematicalform whatwe wrotein Englishabove, with only oneslight problem,namely
thatthespecificheatcapacityof steamis only givenin AppendixC onamolarbasis.

C̃P � 33� 76JK � 1mol � 1

18� 015g mol
� 1 � 874JK � 1g � 1 �

q � 0 � �
8g� � 1 � 874JK � 1g � 1 � � � 15K � 
 � 8g� � � 2257J g�
 � 8g� � 4 � 184JK � 1g � 1 � � Tf � 100

�
C� 
 � 300g� � 4 � 184JK � 1g � 1 � � Tf � 20

�
C���� 1289Tf � 46732�� Tf � 36

�
C �
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Notethatbecausewe useddegreesCelsiusconsistentlyin thiscalculation,theanswercame
out in theseunits. If we hadusedKelvin, we would have obtainedan answerin Kelvin.
We cangetaway with usingdegreeCelsiusin this casebecausethe formulasonly involve
differences in temperatures.SincetheKelvin andCelsiusscalesareidenticalexceptfor the
choiceof zero,they areinterchangeablewhenonly differencesin temperatureareinvolved.

4. A Watt is a Joulepersecond,sothereactorputsout 7 � 14 � 108J s. All we have to do is to
calculatehow many molesof sodiumpersecondarerequiredto carrythisenergy away, then
wecanconvert to tonnesperhour.

Weknow thatheatis connectedto heatcapacityby

q � nC̄∆T �
It followsthat

n � q

C̄∆T� 7 � 14 � 108J s�
29� 26JK � 1mol � 1 � � 529 � 397� K� 1 � 85 � 105mol s� �
1 � 85 � 105mol s� � 22� 9898g mol� � 3600s h�

106g t� 15300t  h
In theMONJUreactor, this is accomplishedby usingthreepumps,eachwith apumpingrate
of 5100t/h.
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