
Chemistry2720Fall 2001Test1

Write all youranswersin thebookletsprovided.Don’t handin thequestionsheet.

Formulasanddataaregivenat theendof thispaper.

Aids allowed:calculator. Periodictablesandotherprintedaidsarestrictly forbidden.

Questions:4. Totalmarks:52. Time: 75min.

1. Thegasphasereaction
BrF3
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is carriedout in anadiabaticcontaineratconstantpressure.Assumingthatthereactiongoes
to completion,that the containerinitially holdsa stoichiometricmixture of the reactants,
andthattheinitial temperatureof thereactantsis 25� C, estimatethefinal temperatureof the
product.[9 marks]

2. Supposethatanindustrialprocessgeneratesheatby burningmethanein a constant-volume
chamberat1200K.

(a) Calculatetheenthalpy of combustionof methaneat1200K. [9 marks]

(b) Werethereany doubtfulapproximationsmadein theabovecalculation?Explainbriefly.
[2 marks]

(c) Calculatethe heatreleasedper mole by the combustionof methaneat 1200K under
constant-volumeconditions.[6 marks]

3. Thestandardentropy of liquid methanolat298.15K is 126� 8JK � 1mol � 1 andits heatcapac-
ity is 81� 6JK � 1mol � 1. Methanolboils at 337.22K with anenthalpy of vaporizationat that
temperatureof 35.270kJ/mol.Theheatcapacityof thevaporis 43� 9JK � 1mol � 1. Calculate
theentropy of methanolvaporat800K. [9 marks]

4. Cogenerationis a processin which a heatengine(typically a steamturbine)is usedto drive
anelectricalgeneratorandthewasteheatis usedeitherto heatsomebuildingsor to provide
hotwater.

(a) TransAltais currentlybuilding a naturalgascogenerationplant which will generate
440MW of electricalpower in Sarnia,Ontario. This plant will provide power and
steamto factoriesownedby Dow ChemicalCanadaInc. andNOVA Chemicals.Sup-
posethatthisplanthasasteaminlet temperatureof 500� C andanoutlettemperatureof
120� C. Calculatetheamountof naturalgaswhichmustbeburnedperdayto sustainthe
electricaloutputof this cogenerationplant. Thespecificheatof combustionof natural
gasis 37� 0kJ	 m3.1 [8 marks]

1Theamountof naturalgasis normallymeasuredby volumecorrectedto 15
 C and1atm.
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(b) At whatminimumrateis heatejectedby thegenerator?[2 marks]

(c) Supposethattheheatejectedis usedto replaceheatwhichwould havebeengenerated
by burningnaturalgas.How muchnaturalgasis savedperday?[3 marks]

(d) A realsteamturbinewill functionat a somewhatlower efficiency thanthatcalculated
in question4a. Is this asseriousa problemfor a cogenerationplantasit is for a heat
enginewhichmakesnouseof thewasteheat?Explainbriefly. [4 marks]

Formulas and data

PV � nRT

R � 8 � 314472JK � 1mol � 1

∆E � q � w

H � E � PV

CP � dq
dT

����
P

dS � dqrev 	 T

η � 1 
 Tlow

Thigh
��
 w

qin

1W � 1J	 s
To convert degreesCelsius to Kelvin, add
273.15.

StandardThermodynamicProperties
at298K and1bar

Species ∆H̄ �f C̄P

(kJ/mol) (JK � 1mol � 1)
BrF3

�
g� 
 255� 60 66� 61

BrF5
�
g� 
 428� 8 99� 62

CH4
�
g� 
 74� 81 35� 31

CO2
�
g� 
 393� 51 37� 1

F2
�
g� 0 31� 30

H2O � g� 
 241� 826 33� 58
O2
�
g� 0 29� 35
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