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Note: All work must be shown to receive credit.  On calculation problems show answer with the correct number of significant figures using scientific notation if necessary.

1. Which of the following statement about equilibrium is true?

(a) catalysts are an effective means of changing the position of equilibrium

(b) the concentration of products at equilibrium equals the concentration of reactants

(c) the equilibrium constant may be expressed in pressure or concentration terms for any reaction

(d) when two opposing reactions are proceeding at equal rates, the system is at equilibrium

(e) A system at equilibrium cannot be disturbed.

2. Rank the compounds KCl, H2O, Cl2, and F2 in order of increasing melting point.


(a) KCl < Cl2 < F2 < H2O 
     (b) F2 < Cl2 < H2O < KCl

  (c) H2O < KCl < Cl2 < F2

(d) Cl2 < F2 < H2O < KCl
     (e) KCl< H2O< F2< Cl2
3. A solute will spontaneously dissolve in a solvent if ___________________

a) The solute-solvent intermolecular attraction is highly exothermic relative to the energy of the solute-solute and solvent-solvent interactions

b) The degree of disorder during the solution process decreases

c) The solute-solvent intermolecular attraction is highly endothermic relative to the sum of solute-solute and solvent-solvent interactions

d) It can form a saturated solution

e) The sum of solute-solute and solvent-solvent interactions is highly exothermic relative to the energy of the solute-solvent interactions

4. The solubility of a gas in water will increase with __________________

a) An increase in temperature and pressure

b) An increase in temperature and a decrease in pressure

c) An increase in pressure and a decrease in temperature

d) A decrease in temperature and pressure

e) Addition of an electrolyte

5. Which of the following aqueous solutions would have the highest boiling point? 

 



a.  0.50 m NaCl 

b.  0.30 m MgCl2 

c.  0.25 m Al2(SO4)3 



d.  0.75 m sucrose 

e.  0.60 m KI

6. For the following reaction, K = 0.500. If we have the following concentrations, what will happen? 
N2(g) + 3 H2(g) (( 2 NH3(g); and [N2] = 0.10, [H2] = 0.25, [NH3] = 0.020.

a. Q > K ; the reaction will move towards the right 
      

b. Q > K ; the reaction will move towards the left
c. Q < K ; the reaction will move towards the right 
      

d. Q < K ; the reaction will move towards the left
e. Q = K ; the reaction is at equilibrium 

7.   A certain reaction has a Kc = 1.0 x 10-15. This tells us 
a) that at equilibrium, we have mostly products present 
b) that at equilibrium, we have mostly reactants present
c) that the forward rate is very fast 

d) that the reverse rate is very fast 

e) absolutely nothing
8.  Consider the reaction: 
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Which of the following is the correct equilibrium constant expression for the reaction? 
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Short Answer 

1. Consider the following equilibrium system in a closed container: (14 pts)
FeS(s)  +  2 H+ (aq) 

  Fe2+(aq) + H2S(g)                          Ho < 0

            In which direction will the equilibrium shift in response to each change(  ;  ; or no change),           

            and what will be the effect on the indicated quantity (increase, decrease, or no change)?

	Change
	Direction of Shift

( ;  ; or nc)
	Effect on

Quantity
	Effect

(increase, i; 

decrease, d; or  nc)

	(1) add Fe2+(aq)
	
	Kc
	

	(2) lower temperature
	
	Kc
	

	(3) add FeS(s)
	
	H+(aq)
	

	(4) remove H2S(g)
	
	amount of FeS(s)
	

	(5) increase pressure (by decreasing volume)
	
	H2S(g)
	

	(6) raise temperature
	
	H2S(g)
	

	(7) add H+(aq)
	
	Fe2+(aq)
	


2. A flask of acetic acid can be brought to a boil at room temperature (25°C) by reducing the pressure within the flask to 16.87 torr. What is the normal boiling point of acetic acid (C2H4O2, ΔHvap = 39.7 kJ/mol)? (6 pts)
3. Lysine, one of the amino acid building blocks found in proteins, contains 49.29% C, 9.65% H, 19.16% N, and 21.89% O by elemental analysis. A solution prepared by dissolving 30.0 mg of lysine in 1.200 g of the organic solvent biphenyl, gives a freezing point depression of 1.37oC. (Lysine does not dissociate.) (Kf for biphenyl is 8.00oC/m) ) (12 pts)
4. At 20°C, the density of acetic acid maximizes at 1.0700 g/cc when its weight percent in water is 79%.  What is the molality and molarity of this solution?  (Ignore acid dissociation.) (8 pts)



molality

   molarity
4. The vapor pressure of pure liquid CS2 is 0.3914 atm at 20oC. When 40.0 g of rhombic sulfur is dissolved in 1.00 kg of CS2, the vapor pressure of CS2 falls to 0.3868 atm. Determine the molar mass for the sulfur molecules dissolved in CS2. (Problem done in lecture) (6 pts)
5. In The Rhime of the Ancient Mariner the poet Samuel Taylor Coleridge wrote, “…Water, water, everywhere/And all the boards did shrink…”  Explain this effect in terms of osmosis 
     (4 points).

6. Calculate Kc for the reaction  (6 pts)
SnO2(s) + 2CO (g) ↔ Sn(s) + 2CO2 (g)



Given the following information:

Sn(s) +2H2O (g) ↔ SnO2(s) +2H2 (g)  
Kc = 0.123

 H2(g)  +  CO2(g)  ↔ H2O(g)  +  CO(g)}
Kc = 0.771

7. The normal melting and boiling points of xenon are –112oC and –107oC, respectively.  Its triple point is at –121oC and 282 torr, and its critical point is at 16.6oC and 57.6 atm. (14 pt)
a) Sketch the phase diagram for Xe, showing the four points given above and indicating the area in which each phase is stable.

b) Which is denser, Xe(s) or Xe(l)?  Explain.

c) If Xe gas is cooled under an external pressure of 100 torr, will it undergo condensation or deposition?  Explain.

8. At 20 °C, chloroform (CHCl3) has a surface tension of 2.68 x 10-2 J/m2, while bromoform (CHBr3) has a higher surface tension of 4.11 x 10-2 J/m2.  Explain this observation in terms of intermolecular forces (4 points).

9. SHOW ALL WORK. Clearly state and justify any assumptions that you may make. At 500 °C, a 2.00 L container was filled with 0.020 moles of CH4 and 0.050 moles of H2S. Calculate the molar concentration of CS2 in this system after the above equilibrium is established. (Kc = 7.5 x 10-17) (8 pts)




CH4(g) + 2 H2S(g) (( CS2(g) + 4 H2(g)
10. A standard 12-ounce capacity aluminum can has a mass of 14.2 g. Assuming that this can is made entirely out of aluminum, calculate the amount of energy necessary to turn an aluminum can at 25.0°C to molten (liquid) aluminum. (The heat capacity of solid Al is 0.900 J/g°C; the Hfus of aluminum is 10.6 kJ/mol, and the melting point of aluminum is 658°C). (6 pts)
16.6
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