FORMULA SHEET (tear off)

NA = 6.022 x 1023
1 amu = 1.661 x 10-27 kg
1 atm = 760 torr = 760 mm Hg
R = 0.08206 Latm/molK
R = 8.314 J/molK

C = (5/9) (F - 32)
C = K - 273.15
1 atm = 1.013 bar
1 Latm = 101.3 J
1 J= 1 kgm2/s2

F = (9/5)(C) + 32
K = C + 273.15
pV = nRT

pA = XA pA
Tb = Kb mB

[B] = k pB
Tf = Kf mB

pA = XBpA
 = [B]RT

H = U + pV

G = H - TS
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.
Do all of the following problems. Show your work.
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Part 1. Multiple choice. Circle the letter corresponding to the correct answer. There is one and only one correct
answer per problem. [4 points each]
1) A solid compound is added to a liquid. Which of the following will favor formation of a solution from the solid
and liquid?
a) If randomness decreases when the solution forms
b) If randomness increases when the solution forms
c) If energy increases when the solution forms
d) Both a and c
e) Both b and c
2) Which of the following solutions is unstable?
a) An unsaturated solution
b) A saturated solution
c) A supersaturated solution
d) Both a and b
e) Both a and b and c
3) For a chemical reaction to be spontaneous for standard conditions which of the following must be true?
a) Hrxn > 0
b) Srxn > 0
c) Grxn > 0
d) Both b and c
e) None of the above
4) For which of the following pure chemical substances (in the form of a perfect crystal) will S = 0.00 J/molK at
absolute zero?
a) Cu
b) O2
c) Cu2O
d) Both a and b
e) Both a and b and c
5) For which of the following pure chemical substances (at T = 25.0 C) will Gf, the free energy of formation, be
equal to 0.00 kJ/mol?
a) O2(g)
b) O3(g)
c) SO2(g)
d) Both a and b
e) Both a and b and c

Part 2. Short answer.
1) Define the Second Law of Thermodynamics [4 points]
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2) A and B are volatile miscible liquids. The partial pressures of A and B and the total pressure above a solution of A
and B are given in the diagram below as a function of XA, the mole fraction of A, and at a temperature T = 40.0 C.
Based on the diagram answer the following questions. [4 points each]

a) Do A and B form an ideal liquid solution (yes or no, and a brief justification for your answer)?

b) What is pB, the vapor pressure of pure B, at T = 40.0 C?

3) 2.09 g of copper II nitrate (Cu(NO3)2, MW = 187.56 g/mol) is dissolved in water, to form a solution with final
volume V = 250.0 mL. What is the osmotic pressure of the solution relative to pure water? Assume T = 25.0 C in
your calculations, and give your final answer in units of atm. [12 points]
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4) Complete the table below by filling in the missing information. Note that T = 25.0 C. [4 points each]
Hrxn (kJ/mol)

Grxn (kJ/mol)

Reaction 1

- 196.4

- 208.5

Reaction 2

+ 52.7

+ 45.0

Srxn (J/molK)

__________

+ 25.8

Is the reaction
spontaneous?
yes

__________

Part 3. Problems.
1) A solution is prepared by mixing together cyclohexane (C6H12, MW = 84.16 g/mol) and p-xylene (C6H4(CH3)2),
MW = 106.17 g/mol). The mole fraction of p-xylene in the solution is Xp = 0.1664. What are the molality and the
percent by mass p-xylene in the solution? [12 points]
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2) Thermodynamic data are given below (at T = 25. C) and may be of use in doing this problem.
Substance

Hf (kJ/mol)

Gf (kJ/mol)

S (J/molK)

H2O()
H3PO4(s)
P4O10(s)

- 285.83
- 1279.0
- 2984.0

- 237.13
- 1118.8
- 2697.0

69.91
110.50
228.86

Phosphoric acid (H3PO4) may be prepared by adding tetraphosphorus decaoxide (P 4O10) to water (H2O), by the
process
P4O10(s) + 6 H2O()  4 H3PO4(s)
a) What are Srxn and Grxn for the above reaction, at T = 25.0 C? [12 points]

b) Give the correctly balanced formation reaction for H3PO4(s). [4 points]
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