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Carefully read all the problems. The exam should have 4 questions on 6 pages. The first page
has potentially useful information. The last page is for extra writing space.

R=8314JK' mol' R= 8314xI10°L barK"' mol' R =8.206x102L atm mol K"
1 cal =4.184 ) 1 atm = 1.01325 bar T/K = T/°C + 27315

1 atm-L. = 101.325J 1 bar-L=100J

Please sign at the bottom to certify that you have worked on your own.

I certify that I have worked the following exam without the help of others, and that
the work I am turning in is my own.

' Signed:

Signature Date




1. True/False Circle either T or F for each statement (10 points each)

TT) F Foran adiabatic process, ASgy¢ can never decrease. o P SR it _ ~
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. T! F  Any process that spontaneously causes a decrease in the entropy of the system must be
must be exothermic.

/T (F | For a perfect crystal of pure substance at T= OK the number of microstates, Q , is 0.
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T |F  For an isothermal compression of an ideal gas AG > 0. -
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2. Short Answer (25 points each)

Assuming that A;H® and A S° are independent of temperature, what is AgG°at 500K

ANH,(g) + 30,(g)—2N, (g) +6H, O(g) o

AH° AG® Se C,
NH,(g) +294.1 +328.1 239 99
O,(g) 0 0 205 29
N,(g) 0 0 192 29
H,0(g) 241.8 2286 189 33
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Would you expect the internal energy of a hard sphere gas that obeys the equation of state

PV = nb) =nRT

where b > 0, to increase, decrease of stay the same for an isothermal expansion? Provide some
math to justify your answer.
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3. (50 points)

1 mole of an ideal gas, C, ,,=(3/2)R, is initially at 1 atm and 300 K. In a process that is neither
isothermal nor adiabatic, the gas is simultaneously compressed by a constant external pressure of
2 atm and brought into thermal equilibrium with a constant temperature heat bath at 500 K. What

is AStora. for this process?
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4. (50 points)

./'

Substance X has a melting temperature of 30°C at 1 bar. A flask containing one mole of liquid
X at a temperature of 50°C is submerged into a constant temperature bath at 0°C containing
water and ice. After a period of time the flask is removed from the bath. After the flask is
removed 0.75 moles of ice has melted in the water bath and 0.4 moles of X has frozen in the
flask. (this process is at constant pressure of 1 bar). Taking the flask of X as the system and the
water/ice bath as the surroundings answer the following questions

Con’X, lig)= 701 K mol
Cpp°(water, lig) = 75 J K™ mol’!
A Ho(water, 0°C) = 6 kJ mol”

Cpp’(X, s0l) = 40 J K" mol”!
Cpp°(water, sol) = 38 J K mol
S°(X, lig, 50° C) = 70 J K" mol

A. What is the final temperature of the substance X in the flask?

B. What is the heat for this process? (5 points)

C. What is the enthalpy of fusion for X? (10 points)

D. What is the entropy change of the system (substance X), the surroundings (the water bath),
and the total entropy change? (20 points)
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