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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
 = MBRT

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) Which of the following will make it more likely that a mixture of two liquids will form a solution?
a) An increase in energy when the liquids form a solution
b) An increase in randomness when the liquids form a solution
c) A decrease in randomness when the liquids form a solution
d) Both a and b
e) Both a and c

2) Which of the following combinations of two liquids is likely to form a solution?
a) A combination of two polar liquids
b) A combination of two nonpolar liquids
c) A combination of a polar liquid and a nonpolar liquid
d) Both a and b
e) Both b and c

3) A sample of a metal alloy has a mass of 273.5 g. It contains 473. ppm by mass cobalt. The number of grams of
cobalt in the metal alloy is
a) 0.0129 g
b) 0.129 g
c) 1.29 g
d) 12.9 g
e) 129. g

4) For a chemical reaction taking place at a constant temperature and standard conditions, which of the following
must be true?
a) Grxn < 0
b) Grxn > 0
c) Srxn > 0
d) Both a and c
e) Both b and c
5) For a particular chemical reaction the values for Hrxn is positive, and the value for Srxn is negative. Based on
this information we would expect
a) The reaction is spontaneous at low temperatures, but not at high temperatures
b) The reaction is spontaneous at high temperatures, but not at low temperatures
c) The reaction is always spontaneous
d) The reaction is never spontaneous
e) Any of the above might be expected to be true
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Part 2. Short answer.
1) Define the following terms [4 points each]
a) heterogeneous mixture –

b) Third Law of Thermodynamics –

2) The figure below is for a mixture of two volatile liquids A and B, at T = 40.0 C. Based on the information in the
figure, answer the following questions? [4 points each]
a) Do A and B form an ideal solution (yes or no, and a brief justification for your answer)?

b) What is pB, the vapor pressure of pure B? Give your final answer in units of torr.

c) What is pB, the partial pressure of B, for a solution with XA = 0.40? Give your final answer in units of
torr.
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3) A solution is formed by dissolving 13.81 g of glucose (C6H12O6, MW = 180.2 g/mol) in water (H2O, MW = 18.02
g/mol). The final volume of the solution is V = 250.0 mL. What is the molarity of glucose in the solution? [8 points]

4) Give the formation reaction for nickel II carbonate (NiCO3(s)). [5 points]

5) Consider the following process (called fusion, or melting) involving an unknown metal M.
M(s)  M()
The change in enthalpy and the change in entropy for the process, measured for standard conditions and T = 25.0 C,
are Hfus = 6.68 kJ/mol, and Sfus = 9.17 J/molK.
a) Which phase of the metal has a larger value for entropy at standard conditions and T = 25.0 C, the solid
or the liquid (circle the correct answer). [4 points]

M(s) has the larger
value for S

M() has the larger
value for S

b) Estimate the value for Tfus, the normal melting point for the metal. Give your final answer in units of C.
[5 points]
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Part 3. Problems.
1) A solution is prepared by dissolving 30.83 g of a nonvolatile and nonionizing pure chemical compound X in
benzene (C6H6, MW = 78.11 g/mol). The final mass of the solution is mass = 605.2 g, and the molality of X in the
solution is mX = 0.3627 mol/kg.
a) Based on this information, find the molecular weight of X. [12 points]

b) The normal freezing point for benzene is Tf = 5.5 C, and the freezing point depression constant for
benzene is Kf = 5.12 kgC/mol. Based on this information and the other information given in the problem, find the
freezing point temperature for the solution of X + benzene. Give your final answer in units of C. [8 points]
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2) Thermochemistry is often used to study the behavior of ions in aqueous solution. Consider the following process
involving sodium sulfate (Na2SO4)
Na2SO4(s)  2 Na+(aq) + SO42(aq)
a) What is the value for i, the van’t Hoff factor, for sodium sulfate? Circle the correct answer. [4 points]

i=1

i=2

i=3

i=4

b) Based on the data below, find the value for Srxn and Grxn for the above reaction, at T = 25.0 C. The
data in the table below is also given at T = 25.0 C. [10 points]
substance

Hf (kJ/mol)

Gf (kJ/mol)

Na+(aq)
SO42(aq)
Na2SO4(s)

 240.1
 909.3
 1387.1

 261.9
 744.5
 1270.2

S (J/molK)
59.0
20.1
149.6

c) Is the above reaction spontaneous for standard conditions and T = 25.0 C? (yes or no, and a brief
justification for your answer). [4 points]
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