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) Which of the following statements concerning the thermodynamics of solution formation is correct?
a) Ssoln is usually much less than zero
b) Ssoln is usually much greater than zero
c) Ssoln is usually about equal to zero
d) Both a and c
e) Both b and c
2) Which of the following aqueous solutions of strong electrolytes is expected to have the highest boiling point?
a) A 0.0100 mole/kg solution of potassium nitrate (KNO3)
b) A 0.0100 mole/kg solution of iron(III) chloride (FeCl3)
c) A 0.0100 mole/kg solution of sodium sulfate (Na2SO4)
d) A 0.0200 mole/kg solution of calcium bromide (CaBr 2)
e) A 0.0200 mole/kg solution of sodium bromate (NaBrO3)
3) A perfect crystal of which of the following pure substances will have S = 0.0 J/molK at T = 0. K?
a) Fe (iron)
b) I2 (iodine)
c) ZnO (zinc II oxide)
d) Both a and b
e) Both a and b and c
4) For which of the following chemical reactions would you expect Srxn to be positive at T = 25. C?
a) 3 O2(g)  2 O3(g)
b) C3H8(g) + 5 O2(g)  3 CO2(g) + 4 H2O(l)
c) CaCO3(s)  CaO(s) + CO2(g)
d) Both b and c
e) None of the above
5) Which of the following substances should have the largest value for S (standard molar entropy) at T = 25. C?
a) N2(g)
b) O2(g)
c) NO(g)
d) Zn(s)
e) ZnO(s)
Part 2. Short answer questions.
1) A solution is prepared by dissolving 4.183 g of copper II chloride (CuCl2, MW = 134.45 g/mole) in water. The
final volume of the solution is V = 250.0 mL. What is the molarity of copper II chloride in the solution? [6 points]
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2) 1,4-butanediol (CH2OHCH2CH2CH2OH) and n-pentane (CH3CH2CH2CH2CH3) are both liquids at room
temperature and pressure. Which of these molecules would you expect to be miscible with water? Why? Note that
the Lewis structures of both molecules are shown below. [6 points]

CH2OHCH2CH2CH2OH

CH3CH2CH2CH2CH3

3) A solution is formed by dissolving a 2.482 g of a nonvolatile solid in liquid benzene (C 6H6, MW = 78.11 g/mol).
The volume of the solution is V = 50.0 mL. The osmotic pressure of the solution relative to pure benzene, measured
at T = 25.0 C, was  = 483. torr. What is the molecular weight of the nonvolatile solid? [10 points]

4) Give the formation reaction for sodium nitrate (NaNO3(s)). [4 points]

5) What is the difference, if any, between a solution and a colloid? [4 points]
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Part 3. Problems
1) A solution of potassium chloride (KCl, MW = 74.55 g/mol) and water (H2O, MW = 18.02 g/mol) has a density D
= 1.078 g/mL. The mole fraction of potassium chloride in the solution is X KCl = 0.0317. What is the molarity of
potassium chloride in the solution? [14 points]
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2) Consider the following chemical reaction
2 NO(g) + Cl2(g)  2 NOCl(g)
a) Find the numerical values for Grxn and Srxn for the reaction at T = 298. K. Thermochemical data at
this temperature are given below and may be of use in doing this problem. [12 points]

Substance
Cl2(g)
NO(g)
NOCl(g)

Hf(kJ/mol)
0.00
90.25
51.71

Gf(kJ/mol)
0.00
86.57
66.07

S(J/mol.K)
222.96
210.65
261.6

b) Is the above reaction spontaneous for standard conditions and T = 298. K (yes/no/cannot tell)? Briefly
justify your answer. [4 points]
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