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       INSTRUCTIONS:

1. This examination consists of a total of 9 different pages.
The last two pages include a periodic table, a table of vapor
pressures for water, a solubility table and some useful
equations.  All work should be done in this booklet.

2. PRINT your name, TA's name and your lab section
number now in the space at the top of this sheet. DO
NOT SEPARATE THESE PAGES.

3. Answer all questions that you can and whenever called
for show your work clearly.  Your method of solving
problems should pattern the approach used in lecture.
You do not have to show your work for the multiple
choice or short answer questions.

4. No credit will be awarded if your work is not shown in
problems 5 - 7.

5. Point values are shown next to the problem number.

6. Budget your time for each of the questions.  Some
problems may have a low point value yet be very
challenging.  If you do not recognize the solution to a
question quickly, skip it, and return to the question after
completing the easier problems.

7. Look through the exam before beginning; plan your
work; then begin.

8. RRee llaaxx and do well.
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(9) 1. Write the chemical formula(s) of the product(s) and balance the following reactions.  Identify all
products phases as either (g)as, (l)iquid, (s)olid or (aq)ueous.  Soluble ionic compounds should be
written in the form of their component ions.

a) K(s)     +    H2O(l)   →

b) Na2CO3(s)     +    HCl(aq)   →

c) Na3PO4(aq)     +   Ba(NO3)2(aq)   →

(15) 2. Complete the following equations to describe the indicated compound's behavior when added to water.
If the compound will not dissolve in water, write WND.  For those compounds which dissolve, indicate
whether the substances behaves as a non-, weak or strong electrolyte.

a) C6H12O6(s)     
H2O
→

b) C4H8(l)    
H2O
→

c) PbI2(aq)    
H2O
→

d) NaC2H3O2(aq)    
H2O
→

e) NH4Cl(aq)    
H2O
→

(9) 3. Predict whether the following pairs (solute:solvent) form a solution when mixed together.  In each case
explain why or why not.

a) CH3NH2(g) : H2O(l)

b) CS2(l) : H2O(l)

c) CCl4(l) : C7H8(l) (toluene)
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(10) 4. Indicate the type of attractive force(s) that occur in each of the following pure substances:

a) CH3CH2OH(l)

b) SO2(s)

c) CaF2(s)

d) HNO3(l)

e) Bi(s)

(9) 5. A sample of water vapor in a flask of constant volume exerts a pressure of 290 mmHg at 90.0 ˚C.  The
flask containing the water vapor is cooled to 75 ˚C, then to 65 ˚C and finally to 40 ˚C.  Determine the
pressure exerted by the water vapor in the flask at each of the lower temperatures.
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(12) 6. An aqueous solution of barium chloride, BaCl2, is 0.870 M and has a density of 1.077 
g

mL at 25 ˚C.

Calculate the weight percent, the mol fraction, and the molality of barium chloride in the solution.

(9) 7. An aqueous solution of NaHSO4 is prepared by adding 1.20 g NaHSO4 in 250. g of water.  The
freezing point of the solution was experimentally measured and found to be –0.210 ˚C.  Determine the
van't Hoff factor, i, for this system and suggest what species (ions) are present in the solution.
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Multiple Choice:

Print the letter (A, B, C, D, E) which corresponds to the answer selected.

8. ________ 9. ________ 10. ________ 11. ________

12. ________ 13. ________ 14. ________ 15. ________ 16. ________

ONLY THE ANSWERS IN THE AREA ABOVE WILL BE GRADED.   Select the most correct answer
for each question.  Each question is worth 3 points.

8. Which of the following statements is true?

A) Mixing a solute and solvent will usually produce a solution if the overall solution process is highly
endothermic.

B) Solids dissolve in solvents when the lattice energy of the solid, which is always endothermic, is
greater than the hydration energy, which is always exothermic.

C) Solutions form when the energy released from solute:solvent interactions is greater than the sum of
the solute:solute and solvent:solvent interactions.

D) The disorder resulting from mixing always works against the formation of a solution.

9. The diagram below represents a 2–dimensional model of a sample of water at a particular temperature.

H2O

Which of the following diagrams best represents the same system following the addition of a sample of
sucrose (C12H22O11)?

A) B) C) D)

where C12H22O11

10. Rank the pure substances N2, CH3OH, Ar and CaO in terms of increasing strength of attractive forces

A) N2 < CH3OH < Ar < CaO
B) N2 < Ar < CH3OH < CaO
C) CaO < CH3OH < Ar < N2
D) CH3OH < CaO < Ar < N2
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11. Which of the following statements is true?

A) For liquids with strong intermolecular attractive forces, e.g. hydrogen-bonding, the equilibrium
vapor pressure can decrease with increasing temperature.

B) As intermolecular attractive forces increase the vapor pressure decreases and the boiling point
increases.

C) In a closed system, the vapor pressure of a liquid depends on the volume of vapor above the liquid,
whether liquid is present in the system or not.

D) The vapor pressure of a liquid depends on the surface area of the liquid.

12. If a certain amount of a nonvolatile, nonelectrolyte solute lowers the vapor pressure of 180.0 g of water
by 0.30 mm Hg at 25 ˚C, how would the freezing point of the solution differ from that of the pure
water?  (PH2O = 23.8 mm Hg at 25 ˚C)

A) It would be lowered by  0.24 ˚C.
B) It would be lowered by  0.45 ˚C.
C) It would be lowered by  1.0 ˚C.
D) It would be lowered by 1.3 ˚C.

13. A solution has a mole fraction of K2CO3 of 0.0205.  If the density of the solution is 1.09 
g

mL , calculate

the molarity of the solution.

A) 1.09 M
B) 1.00 M
C) 1.27 M
D) 1.16 M

14. Benzoic acid behaves as a nonelectrolyte in the solvent naphthalene.  When 10.0 g of benzoic acid is

dissolved in 100. g of naphthalene the freezing point is depressed by 5.66 ˚C.  (kf(naphthalene is 6.9

˚C
m .)  The molar mass of benzoic acid is;

A) 12.0 
g

mol

B) 122 
g

mol

C) 82.0 
g

mol

D) 100. 
g

mol

15. Which of the following aqueous solutions has the lowest vapor pressure at 25 ˚C?

A) 0.0250 molal (NH2)2CO
B) 0.0250 molal K2CO3 
C) 0.0250 molal NaCl
D) 0.0250 molal C12H22O11
E) 0.0250 molal HF
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16. Below is a representative phase diagram for a pure substance.  Which of the following statements is false?

Pr
es

su
re

 (
at

m
)

Temperature

A

B

C

D

E

F

G

A) If the pressure at the triple point is greater than 1 atm, the substance can not exist as a liquid at 25 ˚C and
1 atm.

B) G is the critical point.
C) The melting point for this substance can be found at a particular pressure and temperature on the line

CG.
D) The line AC defines the equilibrium between solid and vapor.
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-5
0
5
10
15
20
25
30
35
40
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3.2
4.6
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9.20
12.8
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23.8
31.8
42.1
55.3
71.9

50
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433.6
525.8
633.9
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Solubility Table

Ion Solubility Exceptions
NO3

– soluble none
ClO4

– soluble none
Cl– soluble except Ag+, Hg2

2+, *Pb2+

I– soluble except Ag+, Hg2
2+, Pb2+

SO4
2– soluble except Ca2+, Ba2+, Sr2+, Hg2+, Pb2+, Ag+

CO3
2– insoluble except Group IA and NH4

+

PO4
3– insoluble except Group IA and NH4

+

-OH insoluble except Group IA, *Ca2+, Ba2+, Sr2+

S2– insoluble except Group IA, IIA and NH4
+

Na+ soluble none
NH4

+ soluble none
K+ soluble none

*slightly soluble


