Chemistry 141						Name 					
Dr. Cary Willard
Exam 4 A							May 21,22, 2008


	
	Points Earned
	Points Possible

	Page 1 multiple choice
	
	30

	Page 2
	
	20

	Page 3
	
	15

	Page 4
	
	15

	Page 5
	
	17

	Page 6
	
	8

	Total
	
	100




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.
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Chemistry Formulas and Constants
Formulas
Kinetic energy = ½ mv2
w = -PV
Ptotal = P1+P2+P3+…
u = (3RT/MW)½
G = H - TS
PV = nRT
Rate  (MW)-½
P1=iX1*Ptotal  
C = q/T 
w=dxF 
E = IR 
Go = -nFEo
G = - RTlnK 
E = mc2
Ba(Na)2 = fruit
H=E
Amp  = C/sec
= iMRT
E = h = hc/
M1V1 = M2V2
Ptotal = P1 + P2 + P3 + …
M = mol/L
m = mol/kg solvent
Xi = moli/ moltotal
Tb = i(kb)(m)
Tf = i(kf)(m)
Psoln = (Psolv)(Xsolv)



Constants
1 angstrom = 10-8 cm
F = 9.65 x 104 C
h = 6.626 x 10-34 J sec
c= 2.9979 x 108 m/sec
e = 1.602 x 10-19 C
NA = 6.022 x 1023/mol
k = 1.381  x 10-23 J/K
K = oC + 273.16
Kw = 1.0 x 10-14M2
mass electron = 9.109 x 10-31 kg



R = 0.0821 L atm/mol K= 8.314 J/K mol= 1.987 cal.mol K= 62.4 L torr/mol K 
Standard Temperature and Pressure = 0oC and 1 atm



Multiple choice (30 points) 

1. When a narrow diameter glass tube is inserted into a body of water, water rises in the tube and its surface inside is concave upwards. Which statement, concerning the strength of the intermolecular forces between glass and water molecules compared to those between water molecules, is accurate? 
a. The forces of attraction between the glass and water are the same as those in water. 
b. The forces of attraction between the glass and water are weaker than those in water. 
c. Intermolecular forces are irrelevant to this situation. 
d. The forces of attraction between the glass and water are stronger than those in water. 

2. Molecules of a liquid can pass into the vapor phase only if the 
a. vapor pressure of the liquid is high. 
b. molecules have sufficient kinetic energy to overcome the intermolecular forces in the liquid. 
c. temperature of the liquid is near its boiling point. 
d. liquid has little surface tension. 
[image: ]
3. Which drawing best represents hydrogen bonding?
 
a. Drawing (1)
b. Drawing (2)
c. Drawing (3)
d. Drawing (4)

4. Which is expected to have the largest dispersion forces?   
a. C10H22
b. CH4
c. CS2
d. O2

5. The rubbing alcohol sold in drug stores often is composed of 70% isopropyl alcohol and 30% water. In this solution 
a. isopropyl alcohol is the solvent. 
b. water is the solvent. 
c. both water and isopropyl alcohol are solvents. 
d. neither water nor isopropyl alcohol is a solvent. 

6. [image: ]If figure (1) represents the vapor pressure of water at 25oC in a 1 liter container, which figure represents the vapor pressure of water at 25oC in a 2 liter container?

a. Figure (2)
b. Figure (3)
c. Figure (4)
d. None of the above

7. Arrange the following compounds in order of their expected increasing solubility in water: KCl, CH3CH2-O-CH2CH3, CH3CH2CH2CH2-OH, CH3CH2CH2CH2CH3. 
a. CH3CH2CH2CH2CH3 < CH3CH2-O-CH2CH3 < KCl < CH3CH2CH2CH2-OH 
b. KCl < CH3CH2-O-CH2CH3 < CH3CH2CH2CH2-OH < CH3CH2CH2CH2CH3 
c. CH3CH2CH2CH2CH3 < CH3CH2-O-CH2CH3 < CH3CH2CH2CH2-OH < KCl 
d. CH3CH2CH2CH2CH3 < KCl < CH3CH2-O-CH2CH3 < CH3CH2CH2CH2-OH 

8. In which case should CO2(g) be more soluble in water? 
a. The total pressure is 1 atm and the partial pressure of CO2 is 0.03 atm. 
b. The total pressure is 3 atm and the partial pressure of CO2 is 2 atm. 
c. The total pressure is 1 atm and the partial pressure of CO2 is 0.5 atm. 
d. The total pressure is 5 atm and the partial pressure of CO2 is 1 atm. 



9. Write the equilibrium equation for the reverse reaction  2 CH4(g) + 3 O2(g)  ↔ 2 CO(g)  +  4 H2O(g)
a. 
b. 
c. 
d. 
10. A catalyst increases the rate of a chemical reaction by providing a lower-energy mechanism for the reaction. When this occurs, which one of the following is not affected? 
a. rate of the forward reaction 
b. rate of the reverse reaction 
c. equilibrium constant 
d. [image: ] all are affected

11. Drawing (1) shows a nonequilibrium system comprised of pure water separated from an aqueous solution by a semipermeable membrane. Shaded spheres represent solute particles and unshaded spheres represent water molecules. Which drawing (2)-(5) represents this system after equilibrium is reached?

a. drawing (2) 
b. drawing (3) 
c. drawing (4) 
d. drawing (5) 

12. The dissolution of calcium hydroxide is exothermic. Ca(OH)2(s) ↔ Ca2+(aq) + 2 OH-(aq) What happens when the solution of Ca(OH)2 is heated? 
a. The amount of Ca(OH)2(s) remains unchanged. 
b. The amount of Ca(OH)2(s) decreases. 
c. The Ca(OH)2(s) completely dissolves. 
d. The amount of Ca(OH)2(s) increases. 

13. Iron oxide ores are reduced to iron metal by exothermic reaction with carbon monoxide:     
FeO(s)  +  CO(g)  ↔CO2(g). Which of the following changes in condition will cause the equilibrium to shift to the right? 
a. add CO2
b. add FeO 
c. add CO 
d. raise the temperature 

14. Which change in the system will drive equilibrium to the left in the reaction below?
N2O5(g) ↔ NO2(g) + NO3(g) 
a. decrease the amount of NO3 
b. increase the amount of N2O5 
c. increase the volume 
d. increase the pressure 

15. Which statement about the equilibrium constant is true? The value of Kc 
a. changes as temperature changes. 
b. changes as reactant concentration changes. 
c. never changes. 
d. changes as product concentration changes. 




Problems (70 points)

1.  (5 points) For many years drinking water has been cooled in hot climates by evaporating it from the surfaces of canvas bags or porous clay pots.  Explain why this technique is effective.







2. (5 points) Two pans of water are on different burners of a stove.  One pan of water is boiling vigorously, while the other is boiling gently.  What can be said about the temperature of the water in the two pans?








3.  (10 points) Argon has a normal boiling point of 87.2 K and a melting point (at 1 atm) of 84.1K.  Its critical temperature is 150.8 K and the critical pressure is 48.3 atm.  It has a triple point at 83.7K and 0.68 atm.  Sketch the phase diagram for argon.  Be sure to identify the gas, liquid, solid and supercritical fluid regions.  Label the normal boiling and freezing point and the critical point.  The beginning of a graph has been drawn for you.  Be sure to properly label all axes!  The graph will not be to scale.

 (
Pressure
)
 (
Temperature
)


Based on your phase diagram, which is more dense the liquid or the solid form of argon?




4. (5 points) Ethylene glycol (HOCH2CH2OH), the major substance in antifreeze, has a normal boiling point of 199oC.  By comparison, ethyl alcohol(CH3CH2OH) boils at 78oC at atmospheric pressure.  Ethylene glycol dimethyl ether (CH3OCH2CH2OCH3) has a normal boiling point of 83oC, and ethyl methyl ether (CH3CH2OCH3) has a normal boiling point of 11oC.  Explain why replacement of a hydrogen on the oxygen by CH3 generally results in a lower boiling point.










5. (10 points) The carbohydrate digitoxose contains 48.64% carbon and 8.16% hydrogen with the remainder oxygen.  The addition of 18.0 g of this compound to 100.0 g of water gives a solution that has a freezing point of −2.20oC.  Kf water = 1.86oC/m
a. What is the empirical formula of the compound?











b. What is the molar mass of the compound?


















c. What is the molecular formula of the compound?



6.  (15 points) Citric acid, H3C6H5O7, occurs in plants.  Lemons contain 5% to 8% citric acid by mass.  The acid is added to beverages and candy.  An aqueous solution is 0.7590 m citric acid and the density of the solution is 1.061 g/mL.  Answer the following questions for this solution.  (If you are unable to complete the concentration conversions for parts a-c, make up a number for parts d-e so that you can show me that you know how to do those questions.)  Remember to use the correct number of significant figures!!!

a. Calculate the mass percent citric acid in the solution.










b. Calculate the molarity of the solution.










c. Calculate the mole fraction of citric acid in the solution











d. Calculate the osmotic pressure (in atm) of the solution at 35oC.








e. Calculate the vapor pressure of the solution at 70oC.  The vapor pressure of pure water at 70oC is 233.7 torr.






7.  (12 points) A 3.00 mole sample of nitrogen dioxide was placed in an 8.00 L vessel.  At 300oC, the nitrogen dioxide was 6.0% decomposed according to the equation 2 NO2(g)  2 NO(g)  +  O2(g)
a. Write out the Kc expression.






b. Calculate the final concentrations of all species using an IE diagram. (remember to find [  ]!)

2 NO2(g)  2 NO(g)  +  O2(g)













c. Calculate the value of the equilibrium constant Kc at 300oC.















d. Calculate the value of the equilibrium constant Kp at 300oC.













8. (5 points) Write out the Kp expression for the reaction 

2 N2(g)  + CO2(g)   2 N2O(g)  +  C(s)






In which direction will the reaction proceed if the pressure in increased?





9. (8 points) Initially a mixture contains 0.895 mole each of N2 and O2 in an 1.00L vessel.  Find the composition of the mixture when equilibrium is reached at 3900oC.  The reaction is 

N2(g) + O2(g) 2NO(g)   Kc = 0.0123 at 3900oC.
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