
Chemistry2720Fall 2001Test1 Solutions

1. Thebestway to do this questionis to imaginethat the reactionis carriedout isothermally
at 25

�
C, theheatgeneratedbeingdrawn out asthereactionproceedsto maintaina constant

temperature,andthentheheatis addedbackto warmup theproducts.Thenetheatis zero
sincethesystemis adiabatic:

q � 0 � �
heatof
reaction ��� � heatingof

products �� ∆H̄
�
rxn � C̄P � BrF5 � ∆T �	 ∆T � 
 ∆H̄
�
rxn

C̄PBrF5

�
∆H̄
�
rxn � ∆H̄

�
f � BrF5 � 
 ∆H̄

�
f � BrF3 �� 
 428� 8 
��
 255� 60� kJ� mol ��
 173� 2kJ� mol �	 ∆T � 173� 2 � 103J� mol

99� 62JK � 1mol � 1 � 1739K �	 Tf � 1739� 25
�
C � 1764

�
C �

2. (a) We caneasilycalculatethe enthalpy of combustionat 298K. We will needto adjust
thisenthalpy to 1200K asfollows:

∆H̄1 � � C̄P � CH4 � � 2C̄P � O2 ��� ∆T1� � 35� 31 � 2 � 29� 35� JK � 1mol � 1� � 298 
 1200K �� 
 84� 8kJ� mol �
∆H̄2 � ∆H̄

�
f � CO2 � � 2∆H̄

�
f � H2O� 
 ∆H̄

�
f � CH4 �� 
 393� 51 � 2 ��
 241� 826��
��
 74� 81� kJ� mol� 
 802� 35kJ� mol�

∆H̄3 � � C̄P � CO2 � � 2C̄P � H2O� � ∆T3� � 37� 1 � 2 � 33� 58� JK � 1mol � 1� � 1200
 298K �
1



� 94� 0kJ� mol�	 ∆H̄1200K � ∆H̄1 � ∆H̄2 � ∆H̄3� 
 793� 1kJ� mol �
(b) Theheatcapacitiesof the reactantsandproductswereassumedto be independentof

temperature.However, over the large temperaturerangestudied(over 900K), this is
not aparticularlygoodapproximation.

(c) Theheatat constantvolumeis thechangein internalenergy.

E � H 
 PV �	 ∆E � ∆H̄ 
 ∆ � PV̄ �� ∆H̄ 
 RT∆n̄gas�
Fromthebalancedreaction,wehave∆n̄gas � 3 
 3 � 0. Thus∆Ē � ∆H̄ ��
 793� 1kJ� mol.

3. Theentropy of thevaporcanbecalculatedby

S̄g � 800K ��� S̄l � 298� 15K � � ∆S̄l � 298� 15� 337� 22K � � ∆S̄vap � ∆S̄g � 337� 22� 800K � �
All wehave to do is to calculatethethree∆S̄ terms.

∆S̄l � 298� 15� 337� 22K � � � 337� 22

298� 15

dq̄rev

T
� � 337� 22

298� 15

C̄PdT
T� � 81� 6JK � 1mol � 1 � ln ! 337� 22

298� 15 " � 10� 0JK � 1mol � 1 �
∆S̄vap � � dq̄rev

T
� 1

T
� dq̄rev � q̄rev

T
� ∆H̄vap

T
� 35270J� mol

337� 22K� 104� 59JK � 1mol � 1 �
∆S̄g � 337� 22� 800K � � � 43� 9JK � 1mol � 1 � ln ! 800

337� 22 " � 37� 9JK � 1mol � 1 �	 S̄g � 800K �#� 126� 8 � 10� 0 � 104� 59 � 37� 9JK � 1mol � 1� 279� 4JK � 1mol � 1

4. (a) Theefficiency is

η � 1 
 Tlow

Thigh
� 1 
 120 � 273� 15K

500 � 273� 15K
� 0 � 491�

Theheatinput requirementis therefore

qin ��
 w
η
� 440MW

0 � 491
� 895MW �
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Theheatis producedby burningnaturalgas:

V � 895 � 106J� s
37� 0 � 103J� m3 � 2 � 42 � 104m3 � s�

Thereare3600s� h � 24h � 8 � 64 � 104s in aday. Thenaturalgasconsumptionperday
is therefore8 � 64 � 104s � 2 � 42 � 104m3 � s � 2 � 09 � 109m3 (2.09billion cubicmeters).

(b) Theheatinput is 895MW. Thework outputis 440MW. Heatis thereforeejectedat a
rateof 895 
 440MW � 455MW.

(c)

V � 455 � 106J� s
37� 0 � 103J� m3 � 1 � 23 � 104m3 � s $ 1 � 06 � 109m3 � day�

(d) Supposethat we only get 30% efficiency from the electricalgenerator. We’ll have
to usemorefuel to generatethe sameamountof electricity. However, the extra heat
generatedby burningtheadditionalfuel is used.Providedwe actuallyhave a usefor
this extra heat,i.e. provided the heatwill be usedto replaceheatingby othermeans,
the efficiency of the generatoractuallymakesvery little differenceto the economic
efficiency of this process.By contrast,if the heatisn’t recoveredthenthe extra fuel
burnedis justwasted.
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