Chemistry2720Fall 2001 Test1 Solutions

1. The bestway to do this questionis to imaginethatthe reactionis carriedout isothermally
at25°C, the heatgeneratedbeingdravn out asthereactionproceeds¢o maintaina constant
temperatureandthenthe heatis addedbackto warmup the products.The netheatis zero
sincethe systemis adiabatic:

a=0 = { aeton } +{ ‘modus |
= A"T&E‘FC?P(BrFs)AT-
o
B Ceerrs B
AHpn = AH1?(BrF5)_AH1?(BrF3)
= —4288— (—25560)kJ/mol= —1732kJ/mol.
1732 x 103J/mol

AT = = 173XK.
. 99.62JK 1mol-1

ST = 1739425°C=1764C.

2. (a) We caneasilycalculatethe enthalfy of comhlustionat 298K. We will needto adjust
thisenthaly to 1200K asfollows:

1200 K

1 T3

298 K

2

AH; = (Cp(chy) +2Cp(0,)) ATh
= [35.31+2(29.35)JK *mol 1] (298 1200K)
= —84.8kJ/mol.

AHz = AHf(co,) +2AHf(,0) — AHf(chy)
= —39351+2(—241826) — (—74.81)kJ/mol
= —80235kJ/mol.

AHg = (Cp(coy) +2Cp(H,0)) ATs
= [37.1+2(3358)JK 'mol!] (1200 298K)

1



94.0kJ/mol.
AH120« = AH{+AH>+ AH3
= —7931kJ/mol.

(b) The heatcapacitief the reactantsand productswereassumedo be independenof
temperature However, over the large temperatureangestudied(over 900K), thisis
not a particularlygoodapproximation.

(c) Theheatatconstanwolumeis thechangen internalenepy.

E = H-PV.
~AE = AH-A(PV)
~ AH — RTANgas

Fromthebalancedeactionwe have Aigas= 3— 3= 0. ThusAE ~ AH = —7931kJ/mol.
3. Theentropy of thevaporcanbe calculatedoy
S (800K) = §(29815K) + A§(29815—>337.22K) +ASyap+ A§g(337.22—>800K) -
All we haveto dois to calculatethethreeASterms.

B 33722 (G, [33722CpdT
AS(29815-+33722K) = /29815 T _/29815 T

337.22
_ -1 —1 _ -1 -1
= (8L6JK™"mol™)In (729815) 10.0JK™"mol™-.
=  [dde 1 [ _  Ge AHwp 352703/mol
ASap = / T _T/dqre’_ T ~ T 33722K

= 10459JK'mol™™.
L 800 T
A%(337.22—>800K) = (439‘JK mol )|n m =37.9JK " mol™-.

. $(800K) = 1268+ 10.0+10459+37.9JK *mol~!
= 2794JK molt

4. (a) Theefficieng is

Tow _,_ 120+27315K

=1- =1- =0.491
= n 500+ 27315K
Theheatinputrequirements therefore
w  440MW
in=——= = 895MW.
Gn="1~ 0491



Theheatis producedy burningnaturalgas:

vy 895 10°/s
~ 37.0x103)/m3

=2.42x 10*md/s,

Thereare3600s/h x 24h = 8.64x 10*sin aday Thenaturalgasconsumptiorperday
is thereforeB.64 x 10*sx 2.42x 10°m3/s= 2.09x 10°m? (2.09billion cubicmeters).

(b) Theheatinputis 895MW. Thework outputis 440MW. Heatis thereforeejectedat a
rateof 895— 440MW = 455MW.

(€) 5
v 485x10°)/s

- 37.0x103)/m3

(d) Supposehat we only get 30% efficiengy from the electricalgeneratar We'll have
to usemorefuel to generatehe sameamountof electricity However, the extra heat
generatedy burningthe additionalfuel is used. Provided we actuallyhave a usefor
this extra heat,i.e. provided the heatwill be usedto replaceheatingby othermeans,
the efficiengy of the generatoractually makesvery little differenceto the economic
efficiengy of this process.By contrast,f the heatisn’'t recoreredthenthe extra fuel
burnedis just wasted.

=1.23x 10*m®/s= 1.06x 10°m?3/day:.



