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Chemistry 231 Test 2 (18 November 2016) Name;

e please answer all 5 questions in the spaces provided ¢ all questions are of equal value
¢ you have two hours to write this test ¢ no books or notes are allowed
e a calculator and the equation sheets provided may be used ¢ no marks for unreadable answers

1. 2.00 moles of helium (assumed to be an ideal gas) expands isothermally from 15.0 L to 75.0 L at
300 K. For this process w =—6000 J.

a)  Explain why ¢ = 6000 J. (ifg Hermal ideal qes = iﬁi’—»GD
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d) The expafision of the helium causes its entropy to increase: AS > 0. Does this prove the expansmn

of the gas is irreversible? Explain.
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b) If the boiler temperature is raised by using supercritical steam, what is the maximum amount of
work that can be performed by a steam engine that absorbs 1000 J of at 280 °C? Assume the

cold reservoir remains at 20 °C. ( 2 2_0) k=293 K
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¢) The efficiency of real engines is significantly lower than the value & = 1 — (T¢/Tw) derived
using the Second Law. Why? r
=4 —
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d) A heat pump operating between 0 °C and 20 °C absorbs 1000 J of heat from the cold reservoir. -
13 Tc =(273+0)K = 273 K
i) What is the(maximum amount of heabthat can be delivered to the hot reservoir at 20 °C?
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ii) What is the minimum amount work that must be supplied to the heat pump in order to absorb

1000 J of heat from the cold reservoir? P
&= /""E :/-—273K = 0.068:"‘1’/\/ ./ 73J

7,;( 293 K ‘iﬂ %a@

~w=E9y = 006%(-1073)) 1000,
/{9@4;’

2



ezur‘/'\l) i eram CWSﬁM«'f /< = R‘-oz.
W

3. This question refers to the chemical reaction CaCOs(s) = Ca0(s) + COz(g)
( See PSed #8') CCQQSI D

a) How many different phases are present at equilibrium?
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b) The logarithm of B e%l%]’fbng{mac%nstantca 4 ‘ CaCOy(s) = Ca0(s) + COL(g) -
for the reaction is given by the equation ] SO i
21282 S ol cagm\ Stpe=2i282K
InK = 18328 - === g . K=e ; J
[ . o
= — T
The graph shows In X plotted against 1/T, ¢ /4" /4 ,‘A & / R
£ 4l !
st A6° = ";IQTAK
i) Calculate AGr® at 1000 K. =10 . . : . . . .
0.0005 (.0006 00007 0.0008 0.0009 0.0010 00011 00012 0.0013
of 1000 K ¢ A K = 18:22%— %—{O—%%—z— Ty /K

LK = ~2.954
16°= —RTAK = ~314 I K vl Yoo )(2.959) -_-

ii} Calculate AHR° at 1000 K. o |
vomt Hefh  dAK T4 d (19.323—2122&\ =2/ 282 K
lelua:f"“”“ ol L R CI__,‘;- 7,
7 /

. - "’j 2
s = f-20282. K ) = {831 £7wal " ) 212524)

g —{
o - o J Mm
@? 7700 ¢ isofbeninel

|

iif) Calculate ASr® at 1600 K, ﬂ
. - — \S
[ 46=A(vrpv-Ts) = af~T3) = an=4rs) = o =74 R
D o
°o . 0 _ s So = Af’:é -_4;

fi

o _ 71009 = 245%C 4 .4 J CAn,, =+l
Ase = 7000 P e 3 g = Tl

¢) A tank contains CaCOs(s), CaO(s) and CO; £as at a pressure of 5.00 bar at 1250 K. Is the system at
equilibrium? If not, is the forward reaction spontaneous or is the back reaction spontaneous? Justify
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4. a) Starting with the equation dG = —SdT + Vdp, show:
D (oG, = -§ dG = —Sd T+ Valp
*Note: “Prove” does not mean
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i) (6G/6p)r = nRT/p foranldeal gas. G = —So7 + Vqﬁ,
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b) Write the van’t Hoff equation and briefly explain why it is useful. Aoth
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¢) A 50.0 L tank contains methane at 200.0 X and 110.0 bar. Use the diagram below to calculate the

number of moles of methane in the tank. Data for methane: p.=46.0bar, T,= 190.6 K ~\
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3. This question refers to the isomerization reaction of n-butane and iso-butane at 1000 K:

- [ser Test 2(eois)
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Data at 1000 K: AGm"(n-butane, g) =270.0kI mol’  AGwm°(iso-butane, g) =276.6 kJ mol-!

n-butane(g) = iso-butane(g)

a) Show that the equilibrium constant of the reaction at 1000-K is K=0452,

acg= 60 (1t =462 beb,5) = 2760023000 = décn L,

& = Oxp(~E2/RT)= O/~ Gerofe34YIom)] = O- 452 )
b) 1.00 mole of iso-butane isPlaced in a tank. How many moles of n-butane and iso-butane are in
the tank at equilibrium at 1000 K?
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¢} 1.00 mole of n-butane is placed in a tank. How many moles of n-butane and iso-butane are in
the tank at equilibrium at 1000 K? '
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d) AGmm°(n-butane, g) < AGm°(iso-butane, g), indicating that n-bufane is more stable than
iso-butane. But n-butane partially isomerizes to form iso-butane (as shown in part ¢)! Explain.
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€) This question shows that pure n-butane partially isomerizes to form iso-butane and that pure

iso-butane partially isomerizes to form n-butane. These are spontaneous reactions. But pure ’
n-butane and pure iso-butane can be purchased from chemical companies! Why is this possible?
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