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Data:  

R = 0.0821 L atm/mol K = 62.4 L torr/mol K

kf (water) = 1.86oC/m

kb (water) = 0.52oC/m
kf (benzene) = 5.12oC/m
kb (benzene) = 2.53oC/m

∆Tf=imkf
∆Tb=imkb

∆=MRT

Psolution = PsolventXsolvent

Kw=1.0 x 10-14 M2
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_____1. The rubbing alcohol sold in drug stores often is composed of 70% isopropyl alcohol and 30% water. In this solution 

a. water is the solvent. 

b. isopropyl alcohol is the solvent. 

c. both water and isopropyl alcohol are solvents. 

d. neither water nor isopropyl alcohol is a solvent. 

_____2. Which one of the following statements does not describe the equilibrium state? 

a. The concentration of the reactants and products reach a constant level. 

b. The rate of the forward reaction is equal to the rate of the reverse reaction. 

c. The concentration of the reactants is equal to the concentration of the products. 

d. Equilibrium is dynamic and there is no net conversion to reactants and products. 

Picture (1) represents an equilibrium mixture of solid CaCO3, solid CaO, and gaseous CO2, obtained as a result of the endothermic decomposition of CaCO3. 
[image: image1.png]



_____3. Which picture (2)-(4) represents the equilibrium mixture at a higher temperature? 

a. picture (2) B)  picture (3) 

b. picture (4) D)  none of the above 

_____4. Which picture (2)-(4) represents the equilibrium mixture after addition of four more CO2 molecules? 

a. picture (2) B)  picture (3) 

b. picture (4) D)  none of the above 

_____5. Iodine, I2(s), is more soluble in dichloromethane, CH2Cl2(l), than in water because 

a. both iodine and dichloromethane have strong ion-dipole interactions. 

b. iodine is polar and dichloromethane has a large number of hydrogen bonds. 

c. the intermolecular forces are similar in both iodine and dichloromethane. 

d. the dipole-dipole forces in dichloromethane are much stronger than the dispersion forces in iodine. 

_____6. To make a 2.00 m solution, one could take 2.00 moles of solute and add 

a. enough solvent to make 1.00 L of solution. 

b. 1.00 L of solvent. 

c. enough solvent to make 1.00 kg of solution. 

d. 1.00 kg of solvent. 

_____7. Which statement is true for a reaction with Kc equal to 2.43 X 10-12? 

a. The reaction proceeds hardly at all towards completion. 

b. The reaction proceeds nearly all the way to completion. 

c. Increasing the temperature will not change the value of Kc. 

d. There are appreciable concentrations of both reactants and products. 

_____8. Red blood cells are placed into pure water. Which of the following statements is true? 

a. Water flows into the red blood cells, causing them to swell and burst. 

b. The osmotic pressure of the cell contents increases, causing the cells to burst. 

c. Water molecules flow out of the red blood cells, causing them to collapse. 

d. The osmotic pressure inside the cells equals the osmotic pressure outside. 

_____9. Arrange the following compounds in order of their expected increasing solubility in water: KCl, CH3CH2-O-CH2CH3, CH3CH2CH2CH2-OH, CH3CH2CH2CH2CH3. 

a. KCl < CH3CH2-O-CH2CH3 < CH3CH2CH2CH2-OH < CH3CH2CH2CH2CH3 

b. CH3CH2CH2CH2CH3 < CH3CH2-O-CH2CH3 < KCl < CH3CH2CH2CH2-OH 

c. CH3CH2CH2CH2CH3 < KCl < CH3CH2-O-CH2CH3 < CH3CH2CH2CH2-OH 

d. CH3CH2CH2CH2CH3 < CH3CH2-O-CH2CH3 < CH3CH2CH2CH2-OH < KCl 

e. Commercial cold packs often contain solid NH4NO3 and a pouch of water. The temperature of the pack drops as the NH4NO3 dissolves in water. Therefore, for the dissolving of NH4NO3 in water, 

f. ∆ is positive and ∆Ssoln is positive. 

g. ∆ is positive and ∆Ssoln may be negative or positive. 

h. ∆ is negative and ∆Ssoln may be negative or positive. 

i. ∆ is negative and ∆Ssoln is positive. 

Problems

1.  (30 points)  A 8.534 M solution of glucose (C6H12O6) has a density of 3.088 g/mL at 25oC.  Calculate
a. the mass percent of glucose

b. the mole fraction of glucose

c. the molality of glucose

d. The vapor pressure of water at 25oC is 23.8 torr.  What is the vapor pressure of the glucose solution under these same conditions?

e. What is the boiling point of the glucose solution?
f. What is the osmotic pressure of the glucose solution?
2. (7 points) A 10.0 g sample of p-dichlorobenzene, a component of mothballs, is dissolved in 80.0 g of benzene, C6H6.  The freezing point of the solution is 1.20oC.  The freezing point of pure benzene is 5.48oC.
a. What is the approximate molar mass of p-dichlorobenzene?

b. An elemental analysis of p-dichlorobenzene indicated that the empirical formula is C2H2Cl.  What is the molecular formula of p-dichlorobenzene?
3. (9 points) Write the appropriate equilibrium constant for each of the following reactions

a. NH4HS(s)  <==>  NH3(g)  +  H2S(g)  

Kp = 

b. 2 SO2(g  + O2(g)  <==>  2 SO2(g)  


Kc = 

c. CH3NH2(aq)  +  H2O(l)  <==>  CH3NH3+1(aq)  +  OH-1(aq)     Kb =

4. (10 points)  The partial pressures in an equilibrium mixture of NO, Cl2, and NOCl at 700 K are as follows:  PNO = 0.482 atm, PCl2 = 0.728 atm, and PNOCl = 1.62 atm.  

a. Calculate the value of Kp at 700K for the reaction 2 NO(g)  +  Cl2(g)  <==>  2 NOCl(g)

b. Calculate the value of Kc at 700K for the reaction 2 NO(g)  +  Cl2(g)  <==>  2 NOCl(g)

c. Calculate the value of Kc at 700K for the reaction   NO(g)  +  ½ Cl2(g)  <==>   NOCl(g)

d. Calculate the value of Kp at 700K for the reaction 2 NOCl(g) <==>  2 NO(g)  +  Cl2(g)  

5. (8 points) The equilibrium constant, Kc, for the reaction 2 ICl(g) <==> Cl2(g)  +  I2(g) is 0.26 M.  Calculate the equilibrium concentrations of all species when 5.00 moles of ICl are added to a 2.00 L vessel.  (Remember the details!!)

6. (16 points) Answer the following questions based on the reaction

C(s)  +  2 H2(g)  <==>  CH4(g)  + heat
a. If H2 is added to the reaction vessel (circle the correct answer)

i) The rate of the forward reaction will (increase, decrease, stay the same).

ii) The rate of the reverse reaction will (increase, decrease, stay the same).

iii) The pressure of CH4 will (increase, decrease, stay the same)

b. If the total volume of the system is decreased the equilibrium will shift to the (right, left, stay the same)
c. If carbon is added to the reaction vessel the equilibrium will shift to the (right, left, stay the same)

d. If the temperature is reduced

i) The equilibrium will shift to the (right, left, stay the same)

ii) The value of K will (increase, decrease, stay the same)

e. If a catalyst is added to the reaction vessel
i) The equilibrium will shift to the (right, left, stay the same)
ii) The rate of the forward reaction will (increase, decrease, stay the same).

iii) The rate of the reverse reaction will (increase, decrease, stay the same).

f. Show graphically how the concentrations of H2 and CH4 change when CH4 is added to the reaction vessel and when H2 is removed. 
[image: image2.wmf]T
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7. (8 points) A 0.30 M solution of piperidine, C5H11N, is made and the pH of the solution is found to be 9.634.  
a. Write the equation for the reaction of C5H11N with water.

b. Calculate the kb for C5H11N
8. (8 points) The acidity constant for ascorbic acid, HC6H7O6 (HAsc) is 8.0 x 10-5M.   

a. Write the equation for the reaction of ascorbic acid with water.

b. What is the pH of a 0.25 M solution of ascorbic acid?

9. (9 points) At 700 K, Kp = 0.140 for the reaction ClF3(g)  <==> ClF(g)  + F2(g).  Calculate the equilibrium partial pressures of ClF3, ClF, and F2 if only ClF3 is present initially, at a partial pressure of 1.47 atm.  Use the method of successive approximations to solve the problem and show your work.
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