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
 = MBRT

H = U + pV

G = H - TS
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Unless otherwise stated, you may assume T = 25.0 C in all of the problems below.
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Do all of the following problems. Show your work.
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 solution is formed by dissolving 4.78 g of methyl alcohol (CH3OH, MW = 32.04 g/mol) and 28.53 g of water
(H2O, MW = 18.02 g/mol) in 485.1 g of ethyl alcohol (C2H5OH, MW = 46.07 g/mol). Which of the following is the
solvent in the above solution?
a) methyl alcohol
b) ethyl alcohol
c) water
d) Both a and b
e) Both a and c
2) The value for the constant k in Henry’s Law ( [B] = k p B ) depends on which of the following?
a) The identity of the solute
b) The identity of the solvent
c) Temperature
d) Both a and b
e) Both a and b and c

3) Which of the following is not a colligative property?
a) Boiling point elevation
b) Freezing point depression
c) Raoult’s Law
d) Vapor pressure lowering
e) Osmotic pressure

4) For a process to occur spontaneously which of the following must be true?
a) Ssyst > 0
b) Ssurr > 0
c) Suniv > 0
d) Both a and b
e) Both a and b and c
5) For which of the following pure chemical substance is S= 0.0 J/molK at T = 25. C?
a) Aluminum (Al(s))
b) Nitrogen (N2(g))
c) Sulfur dioxide (SO2(g))
d) Both a and b
e) None of the above
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Part 2. Short answer.
1) Define the following term: heterogeneous mixture [5 points]

2) A solution is formed by dissolving 0.0126 g of a nonvolatile and nonionizing solute in water (H2O, MW = 18.02
g/mol). The final volume of the solution is V = 20.00 mL. The osmotic pressure of the solution (relative to pure
water) is  = 83. torr at T = 35. C. What is the molecular weight of the solute? [12 points]

3) Give the correctly balanced formation reaction for gold III hydroxide (Au(OH) 3(s)). [5 points]
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4) The molality of a solution of acetone (CH3COCH3, MW = 58.08 g/mol) in n-hexane (C6H14, MW = 86.18 g/mol)
is m = 2.317 mol/kg. What is the percent by mass acetone in the solution? [9 points]

5) For each of the following provide the missing information by filling in the blank. Include correct units. You may
assume T = 25. C. [6 points each]
a)

Suniv = 34.7 J/molK

Ssyst = 41.5 J/molK
Ssurr = ______________________________

b)

Srxn =  144.6 J/molK Grxn = 152.8 kJ/mol
Hrxn = _____________________________
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1) At T = 20. C, n-pentane (C5H12, MW = 72.15 g/mol) and n-hexane (C6H14, MW = 86.18 g/mol) form an ideal
solution. The vapor pressures for the pure liquids at this temperature are p p = 372.8 torr for n-pentane and ph =
107.0 torr for n-hexane.
a) Which pure liquid has the higher value for S at T = 20. C, n-pentane or n-hexane? Give a brief
justification for your answer. [5 points]

b) Do n-pentane and n-hexane obey Raoult’s law in the above solution (yes/no and a brief justification for
your answer)? [5 points]

c) The partial pressure of n-pentane above a solution of n-pentane and n-hexane at T = 20. C is pp = 156.
torr. What is the partial pressure of n-hexane above the solution? [12 points]
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The data below is given at T = 25.0 C, and may be of use in doing the following problem.
substance

Hf (kJ/mol)

Gf (kJ/mol)

S (J/molK)

F(aq)
Pb2+(aq)
PbF2(s)

 332.6
 1.7
 664.0

 278.8
 24.4
 617.1

 13.8
10.5
110.5

2) Pb2+ ion can be removed from aqueous solution by reaction with fluoride ion. The balanced reaction is
Pb2+(aq) + 2 F(aq)  PbF2(s)
a) What are Srxn and Grxn for the above reaction (including units)? [10 points]

b) Is the above reaction spontaneous for standard conditions and T = 25.0 C? (yes or no, and a brief
justification for your answer). [5 points]
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