Chemistry 231 Test 2 (16 November 2018) Name:

e all questions are of equal value
e no books or notes are allowed
e no marks for unreadable answers

e please answer all § questions in the spaces provided
e you have two hours to write this test
e a calculator and the equation sheets provided may be used

1. a) Carbon monoxide is OXIdIZCd at M@aﬂém .00bar: CO(g) + % 02g) = CO2Ag)

AHi®(CO2, g) = —393.509 kJ mol-"

AHm°(CO, g) = —110.525kJ mol-!

Com®(CO2, g) =  37.11 J K-' mol-!
Com’(CO, g) = 29.14 J K- mol-!
Cm®(O2,g) = 21.91JK-! mol-!
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b) Calculate the adiabatic flame temperature if CO(g) initially at 25 °C is burned in oxygen.
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¢) The flame produced by burning CO(g) in oxygen 1s 51gn1ﬁcantly hotter than the flame produ ed by
burning CO(g) in air. Why? Explam brleﬂy Con abo,,;/ A 4‘ > O Mg %
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a) Analysis of the Carnot cycle for reversible heat engines shows o | e _ ¢,
How did this result lead to the discovery of the entropy? Iy I. v
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b) For a Carnot heat engine: gn + gc+w=0. Why?7
214 . (Z,C W

Fo ome eqple édu =l = %""’"\’

¢) A heat engine absorbs 5.00 MJ at 7 = 500 K and rejects 3.50 MJ heat at 7c = 300 K. 5.00 M) Lo

i) Calculate the work is done on the surroundings.
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i) Is the engine operating reversibly? Justify your answer.

fiClnCy = | — ,Z...‘; -, Z0ek .. ‘ﬁ}ﬁ
PR aedls: )‘? w T ook o

- L 5O M & E ‘o 3
M?iﬁ‘f = == = --———————-—-/ Y o= %& « 3004 (*ﬁi'i 0 4'902)&\/
e(a [ 5. 00 - i o g
% 3 7'“ 5.0 l PNOT RENERIIELE }
d) Give two practical applications of heat pumps. ”
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e) 1.0 MJ of electrical work is used to run a Carnot engine in reverse. If 7c =290 and 71 = 300 K,
calculate the maximum amount of heat pumped into the reservoir at TH =300 K.
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3. Butane is found in two common forms: . C\CI’C\H and H—G—C—C—C—H
H/CI\H H HHH
H
Data at 25 °C iso-butane n-butane
AHfm (iso-butane, g) = —134.52 kJ mol™! Sm°(iso-butane, g) = 294.75 J K- mol™!
AHgm°(n-butane, g) = —126.15 kJ mol™! Sm°(n-butane, g) = 310.23 J K~ mol™!

M \&L a) Direct measurement of the enthalpies of formation of iso-butane and n-butane is very difficult. Why?
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T/ b) Explain how the enthalpies of formation of iso-butane and n-butane can be calculated from measured
{ enthalpies of combustion.
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+ ¢) Sm°(iso-butane, g) and Sm°(n-butane, g) are absolute entropies, not entropies of formation. How are
: absolute entropies measured? -
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¢) Calculate ASR® for thg tion iso-butang(g) —> n-butane(g) at 25 °C. ASr® for the reaction g
ﬁ"\ is positive at 25 0C@%ﬁi‘s-méﬁm—éxion is spontane@? Explain.
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d) To decide if the reaction iso-butane(g) —» n-butane(g) is spontaneous, why not just bu 756
iso-butane and see if it reacts to form n-butane?
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€) An organic chemist argues that n-butane has less steric Hindrance and therefore more stable than

Q iso-butane. Is this correct? Use thermodynamics to decide which isomer is more stable at 25 °C.
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a) The equation

oU oU
dU = — | dT + dr
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is mathematically correct, but not very convenient for calculating energy changes. Explain.

how e (22) o (“) caflonfodedt ?
b) Show (G—U) - C,

or ), 30',,
dU = cl?/—/%ﬁd\/ ot conStoad voburme AU, J

_ d du, _ (30 & AT
Cv - —-CLV = :ﬁ; - (a v & _

d) Combining a, b a d c glves

U = CdT + T(—a—p—j ~ plav (4.2)
or ),

Equation (4.2) is more convenient for calculating internal energy changes than equation (4.1). Why?
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e) Use equation (4.2) to show dU = CydT for an ideal gas.
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The “water gas shift reaction” CO(g) + H20(g) = COx(g) + Ha(g) is used to produce hydrogen
and carbon dioxide from carbon monoxide and steam at 1000 K.

Dataat 1000K  AGm®(CO2, g) = —395.866 kJ mol-! AHm®(CO, g) = —394.623 kJ mol-!
AGm®(CO, g) = —200.275 kJ mol-! AHq®(CO, g) = —111.983 kJ mol-’
AGi®(H20, g) = —192.590 kJ mol-! AHim®(H20, g) = —247.867 kJ mol-!

a) At 1000 K, show the equilibrium constant for the reaction is K = 1.43.
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b) A mixture containing 5.00 mol CO(g) and 5.00 mol H2O(g) is heated to 1000 K at 1.00 bar total
pressure. Calculate the number of moles of H2 produced at equilibrium.
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¢) For a higher yield of H», should the temperature be increased? Justlfy your answetr.
B = Dl (B 8) T+ BHp (,9) ~ M, €0 q) — L (40,)
= 294,623 +0 - (- 93;) (* 2471,867)
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d) For a higher yield of Hz, should the pressure be increased? Justify your answer
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