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.
Do all of the following problems. Show your work.

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

Kp = KC (RT)n
H = E + pV
Grxn = Grxn + RT ln Q

G = H - TS
ln K = - Grxn/RT

If ax2 + bx + c = 0, then x = ( - b  [b2 - 4ac]1/2 )
2a
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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 pairs of liquids are likely to be immiscible?
a) A polar liquid and a nonpolar liquid
b) Two polar liquids
c) Two nonpolar liquids
d) Both a and b
e) Both b and c
2) A solution forms from a volatile solvent and a nonvolatile solute. Which of the following statements about the
solution is correct?
a) The vapor pressure of the solution is higher than the vapor pressure of the pure solvent
b) The boiling point of the solution is higher than the boiling point of the pure solvent
c) The freezing point of the solution is higher than the freezing point of the pure solvent
d) Both b and c
e) Both a and b and c
3) The Second Law of Thermodynamics says which of the following must be true for a process to occur?
a) Ssyst > 0
b) Ssurr > 0
c) Suniv > 0
d) Both b and c
e) Both a and b and c
4) For a chemical reaction to be spontaneous for standard conditions, which of the following must be true?
a) Hrxn < 0
b) Grxn < 0
c) Srxn < 0
d) Srxn > 0
e) Both b and d
5) For which of the following reactions can an expression be written for both KC and Kp?
a) 2 H2(g) + C2H2(g)  C2H6(g)
b) MgCO3(s)  MgO(s) + CO2(g)
c) HNO2(aq) + H2O(l)  H3O+(aq) + NO2-(aq)
d) Both a and b
e) Both a and b and c
6) Consider the following chemical reaction at T =25. C.
N2O4(g)  2 NO2(g)
The equilibrium constant for this reaction at this temperature is KC = 0.0046
For a closed system with an initial value for reaction quotient Q C = 1.00 at T = 25. C, which of the
following will occur as the system approaches equilibrium?
a) Moles of N2O4 will increase
b) Moles of NO2 will decrease
c) Moles of NO2 will increase
d) Both a and b
e) Both a and c
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Part 2. Short answer.
1) For each of the following circle the correct answer. There is one and only one correct answer per problem.
[4 points each]
a) The aqueous solution with the largest value for osmotic pressure (relative to pure water)
0.050 M CaCl2
solution

0.050 M Fe(NO3)3
solution

0.050 M glucose
solution

0.050 M NaBr
solution

b) The substance with the highest value for S (at T = 25. C)
CH3COOH(l)

CH3COOH(g)

CH3CH2CH2COOH(l)

CH3CH2CH2COOH(g)

c) A reaction that is never expected to be spontaneous for standard conditions (assuming the values for both
Hrxn and Srxn are independent of temperature)
Hrxn > 0 and
Srxn > 0

Hrxn > 0 and
Srxn < 0

Hrxn < 0 and
Srxn > 0

Hrxn < 0 and
Srxn < 0

2) Information about benzene (C6H6, MW = 78.11 g/mol) is given below
Freezing point depression constant (Kf) = 5.12 kg C/mol
Boiling point elevation constant (Kb) = 2.53 kg C/mol
Normal boiling point for benzene (Tb) = 80.08 C
A solution is formed by dissolving an unknown amount of naphthalene (C10H8, MW = 128.2 g/mol), a nonvolatile
solute, in benzene. The normal freezing point of the solution is found to be 1.15 C lower than the normal freezing
point of pure benzene. What will be the value for the normal boiling point of the solution? [5 points]

3) State the Third Law of Thermodynamics. [5 points]
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4) Give the correctly balanced formation reaction for methylamine (CH3NH2(l)). [4 points]

5) It takes 31400. J of heat to convert 1.000 moles of a particular unknown liquid into vapor at its normal boiling
point, Tvap = 68.5 C. What are Gvap, Hvap, and Svap for the substance at this temperature? [10 points]

6) The equilibrium constant for the reaction
F2(g)  2 F(g)
is KC = 8.1 x 10-24 at T = 25. C.
A system initially contains 0.0840 mol/L of F2(g) at T = 25. C. No F(g) is initially present in the system.
What will the concentration of F(g) be in the system when equilibrium is reached? [10 points]
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Part 3. Problems.
1) A solution is prepared by dissolving 25.628 g of hexamethylbenzene (HMB = C12H18, MW = 162.3 g/mol) in
carbon tetrachloride (CCl4, MW = 153.8 g/mol). The density and final volume of the solution are D = 1.556 g/mL
and V = 200.0 mL. What are the molarity, molality, and percent by mass HMB in the solution? [16 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
Br2(g)
Cl2(g)
CH3Br(g)
CH3Cl(g)

Hf (kJ/mol)

Gf (kJ/mol)

30.907
0.00

3.110
0.00

- 35.4
- 81.9

- 26.3
- 58.4

S (J/molK)
245.46
223.07
246.4
234.6

What are Grxn, Srxn, and Keq for the following reaction, at T = 25. C [16 points]
2 CH3Cl(g) + Br2(g)  2 CH3Br(g) + Cl2(g)
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3) The numerical value for the equilibrium constant for the reaction
Br2(g) + Cl2(g)  2 BrCl(g)
at T = 25. C is KC = 7.90
a) What is the numerical value for Kp for the above reaction at T = 25. C? [4 points]

b) A system at T = 25. C initially has 0.100 mol/L Cl2(g) and 0.360 mol/L BrCl(g). No Br2(g) is initially
present in the system. What will be the concentrations of BrCl, Br2, and Cl2 when the system reaches equilibrium?
[14 points]
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