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Chem 130      Name______________________________ 
Exam 2, Ch 4-6     July 7, 2016 
100 Points 
 

Please follow the instructions for each section of the exam. Show your work on all mathematical 
problems. Provide answers with the correct units and significant figures. Be concise in your 
answers to discussion questions. 
 

Part 0: Warmup.  4 points each 
1. For a fixed amount of gas at a fixed pressure, changing the temperature from 100oC to 200K 

causes the gas volume to: 
a. double 
b. increase 

c. decrease 
d. stay the same 

 
Answer ____c________ 

 
2. To precipitate Zn2+ from a solution of Zn(NO3)2, add 

a. NH4Cl 
b. MgBr2 

c. K2CO3 
d. (NH4)2SO4 

 
Answer ____c________ 

 
Part I: Complete all of problems 3-8 
 
3. Complete the chart below: (12 points) 

Species Name Oxidation States 
Water 

Soluble? 
(Y/N) 

Al2(SO4)3 aluminum sulfate Al = +3 S =+6  O =-2  Y 

Zn3(PO4)2 zinc (II) phosphate Zn =+2 O = -2 P = +5 N 

 
4. Write the (1) overall reaction and (2) net ionic equation for the following reactions. Indicate 

the state of all reactants and products.  (10 points) 
a. Aqueous potassium sulfate with aqueous calcium chloride. 
(1) Overall reaction: 
 

K2SO4 (aq) + CaCl2 (aq)  CaSO4 (s) + 2 KCl (aq) 
 
 
(2) Net ionic equation: 

 
Ca2+ (aq) + SO4

2- (aq)  CaSO4 (s) 
 

b. Aqueous ammonium carbonate with aqueous silver nitrate. 
(1) Overall reaction: 
 

(NH4)2CO3 (aq) + 2 AgNO3(aq)  Ag2CO3 (s) + 2 NH4NO3 (aq) 
 
 
(2) Net ionic equation: 

 
2 Ag+ (aq) + CO3

2- (aq)  Ag2CO3 (s) 
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5. Ammonia can be generated by heating together the solids NH4Cl and Ca(OH)2 to produce 
NH3, water, and CaCl2.  If a mixture containing 33.0 g each of ammonium chloride and 
calcium hydroxide is heated, how many grams of ammonia will form? (10 points) 

 
2 NH4Cl + Ca(OH)2  2 NH3 + 2 H2O + CaCl2 

 
33.0 g NH4Cl x 1 mol NH4Cl x 2 mol NH3 x 17.0356 g NH3 = 10.51 g NH3

  53.4912 g  2 mol NH4Cl  1 mol NH3   
 

33.0 g Ca(OH)2 x 1 mol Ca(OH)2 x 2 mol NH3 x 17.0356 g NH3 = 15.17 g NH3

  74.093 g  1 mol Ca(OH)2  1 mol NH3   
 

Since the ammonium chloride produces less, it must be the limiting reagent, so 10.5 g NH3 will 
be formed. 
 
 
 
 
 
 
 
 
 
 
 
 
6. Balance the following redox reaction in acidic solution.  (10 points) 

UO2+ + NO3
-
  UO2

2+ + NO 
 
Oxidation 3(UO2+ + H2O  UO2

2+ + 2H+ + 2e-) 
Reduction 2(NO3

- + 4H+ + 3e-  NO + 2H2O) 
Overall 3UO2+ + 3H2O +2NO3

- + 8H+ + 6e-  3UO2
2+ + 6H+ + 6e- + 2NO + 4H2O

   
Final 3UO2+ + 2NO3

- + 2H+  3UO2
2+ + 2NO + H2O 
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7. In order for your car battery to function properly, the sulfuric acid in the battery must be 
between 4.8 and 5.3 M H2SO4.  A 5.00 mL sample of acid from a battery requires 49.74 mL 
of 0.935 M NaOH to be completely neutralized in a titration.  Does the concentration of this 
battery acid fall within the desired range? (10 points) 

 
2 NaOH + H2SO4  Na2SO4 + 2 H2O 

 
49.74 mL NaOH x 0.935 mol NaOH x 1 mol H2SO4 x 1 = 4.65 M H2SO4

  1 L NaOHl  2 mol NaOH  5.00 mL   
 

No, the concentration of acid is outside the desired range. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8. A 2.89 g aluminum ore sample is reacted with excess HCl in the reaction below, and the 

liberated H2 is collected over water at 25oC at a pressure of 744 mm Hg.  If 322 mL of 
hydrogen is collected, what is the percent aluminum (by mass) in the sample? (10 points) 

2 Al(s) + 6 HCl (aq)  2 AlCl3(aq) + 3 H2(g)  
 
 

PT = PH2 + PH2O so that 744 mm Hg = PH2 + 23.76 mm Hg and PH2 = 720.24 mm Hg 
 

PH2 = 720.24 mm Hg x 1 atm = 0.9476 atm 
    760 mm Hg   

 
nH2 = PV = (0.9476 atm)(0.322 L) = 0.01248 mol H2 

  RT  (0.08206 L atm/mol K)(298K)   
 

0.01248 mol H2 x 2 mol Al x 26.9815 g Al = 0.2245 g Al 
  3 mol H2  1 mol Al   

 
0.2245 g Al x 100% = 7.77% Aluminum

2.89 g sample     
  



 4

Part II. Answer three (3) of problems 9-12. Clearly mark the problem you do not want 
graded. 10 points each. 

9. In a combustion reaction, 5.00 g of ethanol (C2H6O).is allowed to react in a 2.00 L container 
filled with oxygen gas at a pressure of  2.08 atm and a temperature of 100oC, producing 
water and carbon dioxide.  If 1.53 g water forms, what is the percent yield for the reaction? 

 
C2H6O + 3 O2 → 3 H2O + 2 CO2 

 
If ethanol is limiting reactant: 
5.00 g C2H6O x 1 mol C2H6O x 3 mol H2O x 18.0153 g H2O = 5.866 g H2O

  46.0684 g C2H6O  1 mol C2H6O  1 mol H2O   
 
If oxygen is limiting reactant: 

n = PV = (2.08 atm)(2.00 L) = 0.135 mol O2 
  RT  (0.08206 L atm/mol K)(373 K)   

 
0.135 mol O2 x 3 mol H2O x 18.0153 g H2O = 2.448 g H2O 

  3 mol O2  1 mol H2O   
 
Therefore, oxygen is the limiting reactant and the theoretical yield is 2.448 g H2O 
 

% yield = 1.53 g water X 100% = 62.5 % yield 
  2.448g water    

 
 
 
 
 
10. The ideal gas law works best under a very limited set of conditions.  What are these 

conditions?  What assumptions of the ideal gas law fail as you deviate from these 
conditions?  

 
Two key assumptions of the ideal gas law are that there is a large space between particles 
and that particles do not interact with one another when they collide (they have elastic 
collisions). 
 
These two assumptions work best under low pressure and high temperature conditions.  
Low pressure corresponds to large space between particles and, therefore, infrequent 
collisions.  At high temperatures, particles have higher velocities and kinetic energies.  
Therefore, any energy lost in collisions is minimal compared to the particle’s total kinetic 
energy. 
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11. A student puts 50.0 grams each of dry ice (solid carbon dioxide) and liquid nitrogen into a 
500.0 mL soda bottle and quickly closes the lid.  After a short time, all of the CO2 and N2 
have been converted into gas and allowed to reach a temperature of 27.2oC. 
a. What is the total pressure in the container? (7 points) 
To find the total pressure, we need the total number of moles of gas: 

50.0 g CO2 x 1 mol CO2 = 1.136 mol CO2 
  44.010 g CO2   

 
50.0 g N2 x 1 mol N2 = 1.785 mol N2

  28.0134 g N2   
So, the total moles of gas is:  1.136 + 1.785 = 2.921 moles 
 
T = 27.2+273.15 = 300.35K 
 

P = nRT = (2.921 mol)(0.08206 L atm/mol K)(300.35 K) = 144 atm 
  V  (0.500 L)   

 
b. What is the partial pressure of CO2 in the container? (3 points) 
 

PCO2 = nCO2RT = (1.136 mol)(0.08206 L atm/mol K)(300.35 K) = 56.0 atm
  V  0.500 L)   

 
Another approach is to use PCO2 = XCO2PTotal = (1.136/2.921) x 144 atm = 56.0 atm 

 
 
 
12. You dissolve 2.83 g of a copper-containing mixture in water in a 100.0 mL volumetric flask 

and dilute it to the mark to prepare solution A.  You then pipet 5.00 mL of solution A into a 
25.00 mL volumetric flask and dilute it to the mark to make solution B.  Finally, you pipet 
1.00 mL of solution B into a 25.00 mL flask and dilute it to the mark to make solution C.  You 
then determine the copper concentration in solution C to be 6.62 x 10-4M.  What is the 
percent copper by mass in your original solid mixture? 

 
For solution B: 

MB = MCVC = (6.62 x 10-4M)(25.00 mL) = 0.01655 M = [B] 
  VB  1.00 mL     

 
For solution A: 

MA = MBVB = (0.01655 M)(25.00 mL) = 0.08275 M = [A] 
  VA  5.00 mL     

 
So, the molarity of copper in solution A is 0.08275 M, how many grams of copper must be in 
the solution? 

0.1000 L sol’n x 0.08275  mol Cu x 63.546 g Cu = 0.5258 g Cu 
  1 L sol’n  1 mol Cu   

 
So, the percent copper is: 

0.5258 g Cu X 100% = 18.4 % copper
2.86 g mixture    
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 Possibly Useful Information 
 

R = 0.08206 L atm mol-1 K-1 K = oC + 273.15 

1 atmosphere = 760 Torr = 760 mm Hg   nRTbnV
V

n
aP

2




















  

Ptotal =ntotalRT/V PA = XaPtotal 

Na = 6.02214 x 1023 mol-1 

2

22

1

11

T

VP

T

VP


 

 
 

Molar Masses 
Compound Molar Mass (g/mol)

AlCl3 133.3396 
C2H6O 46.0684 

Ca(OH)2 74.093 
CaCl2 110.983 
CO2 44.010 
H2 2.01588 

H2O 18.0153 
HCl 36.4606 

H2SO4 98.079  
NaOH 39.9971 
NH3 17.0356 

NH4Cl 53.4912 
N2 28.0134 
O2 31.9988 
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