Chemistry2720Fall 2001 Test1

Write all your answersn the bookletsprovided. Don’t handin the questionsheet.
Formulasanddataaregivenatthe endof this paper
Aids allowed: calculator Periodictablesandotherprintedaidsarestrictly forbidden.

Questions4. Totalmarks:52. Time: 75min.

1. Thegasphaseaeaction
BFF3(g) + F2(g) — BFF5(g)

is carriedoutin anadiabaticcontainerat constanpressureAssumingthatthereactiongoes
to completion,that the containerinitially holds a stoichiometricmixture of the reactants,
andthattheinitial temperaturef thereactantss 25°C, estimatehefinal temperaturef the
product.[9 marks]

2. Supposdhatanindustrialprocesgeneratefieatby burningmethanen a constant-elume
chambeat 1200K.

(a) Calculatetheenthalfy of comlustionof methaneat 1200K. [9 marks]

(b) Werethereary doubtfulapproximationsnadein theabove calculationZExplainbriefly.
[2 marks]

(c) Calculatethe heatreleasedoer mole by the comhustion of methaneat 1200K under
constant-wlumeconditions.[6 marks]

3. Thestandardentropy of liquid methanokt298.15K is 126.8JK ~tmol~! andits heatcapac-
ity is 81.6JKImol~1. Methanolboils at 337.22K with anenthally of vaporizatiorat that
temperatur@f 35.270kJ/mol. The heatcapacityof the vaporis 43.9JK ~*mol~1. Calculate
theentropy of methanolaporat800K. [9 marks]

4. Cogeneratiofis a processn which a heatengine(typically a steanturbine)is usedto drive
anelectricalgeneratoandthe wasteheatis usedeitherto heatsomebuildingsor to provide
hotwater

(a) TransAltais currently building a naturalgascogeneratiorplant which will generate
440MW of electricalpower in Sarnia,Ontario. This plant will provide power and
steamto factoriesownedby Dow ChemicalCanadadnc. andNOVA Chemicals.Sup-
posethatthis planthasa steaminlet temperaturef 500°C andanoutlettemperaturef
120°C. Calculateheamountof naturalgaswhichmustbeburnedperdayto sustairthe
electricaloutputof this cogeneratiomlant. The specificheatof comhlustionof natural
gasis 37.0kJ/m3.1 [8 marks]

Theamountof naturalgasis normallymeasuredby volumecorrectedo 15°C and1 atm.
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(b) At whatminimumrateis heatejectedoy thegenerator?2 marks]

(c) Supposehattheheatejecteds usedto replaceneatwhichwould have beengenerated
by burningnaturalgas.How muchnaturalgasis savedperday?[3 marks]

(d) A realsteamturbinewill functionata someavhatlower efficiency thanthatcalculated
in questionda. Is this asseriousa problemfor a cogeneratiomplantasit is for a heat
enginewhich makesno useof thewasteheat?Explainbriefly. [4 marks]

Formulas and data
PV = nRT
R=8.314472JK mol~1

AE=qg+w
H=E+PV
dg
Co=—
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i Thigh Qin
1W=1J/s

To corvert degrees Celsiusto Kelvin, add
273.15.

Standardrhermodynami®roperties
at298K andlbar
Species  AHf Cp
(kd/mol) | (JK~Imol™Y)
BrFsg | —25560 66.61
BrFs) | —4288 99.62
CHyg) —74.81 35.31
COyq) | —39351 371
) 0 3130
H20) | —241826 3358
Oz(g) 0 29.35




