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FACULTY OF SCIENCE 

 
MIDTERM EXAMINATION   CHEM 120 

 
MONDAY FEBRUARY 11, 2008    6:30PM–8:30PM 

 
THIS EXAM IS VERSION NUMBER:  1 

 
 
Instructions: 
 
BEFORE YOU BEGIN:     Enter your student number and name on the computer 
scorecard provided, by filling in the appropriate circles.  Check that the version number 
filled in is:  version 1. 
 
1)  There are 10 pages to this exam, including this cover page.  There are 30 multiple 
choice questions to be answered on the COMPUTER GRADING sheet supplied,  
choosing the best response to each question.  For numerical answers, assume that 
agreement to the first 2 significant figures is sufficient.   Each question is worth 1 mark, 
and incorrect answers worth 0.  There are no part marks available, and ONLY the 
computer scorecard is to be turned in for grading.  You may keep this question sheet, 
which will allow you to check your results with the answer key posted to the class 
website after the exam. 
 
2)  You may use a simple scientific calculator to assist you, as long as it does NOT have 
text storage or graphing capability.  You may also use a language translation dictionary 
to assist you.  NO other materials are permitted (i.e.: this is a closed book exam).  
Sufficient data is supplied on page 2 to be able to complete all questions, and a page of 
scrap paper is also appended at the back for any rough calculations. 
 
3)  You may have 2 hours to complete this exam.  Good luck, and work efficiently! 
 



 2

Useful Constants :     Useful Relationships :     
 
STP:  0°C and 1 atm     1 mol gas at STP: 22.4 L  
k   =   1.38 x 10 –23 J/K    0 K   =   – 273 °C    
e   =   2.718      1 Pa   =  1 N/m2  
g   =   9.81 m/s2     1 atm  =  101 kPa   =  760 Torr   
π   =   3.14      1 bar   =   100,000 Pa   =   100 kPa  
R  =   8.314  J/(mol K)    1 J   =   1 kg m2/s2     =  1 kPa L      
     =   0.08314 L bar /(mol K)    1 g H2O at 25 °C occupies 1 cm3  =  10 –3 L  
     =   0.08206 L atm /(mol K)   1 mol =  6.02 x 10 23 molecules 
 
 
Useful Physical and Thermodynamic Data : 
                      
substance M         C     ∆fH°          ∆vapH°       density                    

        (g/mol)    (J mol-1K-1) (kJ/mol)      (kJ/mol)       (kg/L)         
 
C (s)  12      8.5        0 
H (g)  1.0      21             + 218  +2.8 
H2 (g)        29        0  +8.6 
He (g)  4.0      21        0 
H2O (l)        75   –286   +44       1.00 
H2O (g)     –242    
O (g)  16      22   +249  +3.1 
O2 (g)        29         0  +9.6     
CO2 (g)       37   –394   +24            
C8H18 (l)     –250          0.70 
N   14.0 
Cl   35.5 
S   32.1 
F  19.0 
 
 
 
Useful gas equations: 
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1) For the chemical bonds in usual molecules (such as methane gas), energy is released : 
 
 A)   when the bonds are formed 
 B)   when the bonds are broken 
 C)   when weaker bonds are exchanged for stronger bonds 
 D)   when stronger bonds are exchanged for weaker bonds 
 E)   both statements A) and C) are correct 
 
 
2) A vessel contains 1 mole of O2 (g) at 1.2 atm. If the volume of the vessel is doubled and 1 mole 

of CO2 (g) is added at constant temperature, what is the final partial pressure of O2 (g) ? 
 

A)  2.4 atm 
B)   1.2 atm 
C)  0.6 atm 
D)   0.3 atm 
E)  none of these 
 

 
3) Human metabolism generates approx. 1 x 107 Joules of heat each day.  Approximating your 

body as 50kg of water, how much would your body temperature rise if you were an isolated 
system? 

 
 A)     2.7 K    B)     48 K    

C)     1.0 K    D)     4.8 K      
E)     none of the above answers is correct 

 
 
4) Human metabolism generates 1 x 107 Joules of heat each day, which is released through 

sweating to keep body temperature constant.  Approximating your body as an open system of 
50 kg of water, the amount of water you would need to perspire to avoid overheating is : 

 
A)     21.6 mL     B)     4090 mL   
C)     294 mL     D)     228 mL    
E)     none of the above answers is correct 

 
 
5) If a litre of CO2 is compared to a litre of H2, both at 25°C and one atmosphere pressure, then: 

 
A)   there are more H2 molecules than CO2 molecules 
B)  the CO2 molecules are on the average moving more slowly than the H2 molecules 
C)  the mass of one liter of CO2 equals the mass of one liter of H2 
D)  the average kinetic energy of the CO2 molecules is greater than that of the H2 molecules 
E)  the CO2 and H2 molecules have the same average speed 
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6) The combustion of a full 50L tank of octane C8H18 (l) in your car would be expected to produce 
 
A)   8 kg of carbon dioxide and 9 kg of water 

 B)   108 kg of carbon dioxide and 50 kg of water 
 C)   154 kg of carbon dioxide and 71 kg of water 
 D)   221 kg of carbon dioxide and 102 kg of water 

E)  none of the above answers is correct 
 
 
7) An equilibrium surface temperature for the earth can be derived simply using the 1st law of 

Thermodynamics, by considering the planet as 
 

A) An open system with heat conduction input and output energy     
B)  A closed system with heat conduction input and output energy 
C)  An open system with radiative input and output energy    

D)  A closed system with radiative input and output energies 
E)  An isolated system with radiative input and output energy 

 
 
8) Calculate urms, in m/s, for H2(g) molecules at 30°C. 

 
A)  5.26 × 103 m/s 
B)  6.09 × 102 m/s 
C)  6.13 × 101 m/s 
D)  2.74 × 103 m/s 
E)  1.94 × 103 m/s 
 

 
9) The Enthalpy of formation of a substance is exactly equal to zero when : 

 
A)   the substance is an element in the most stable (pure) form  

 B)   the substance is a perfect crystal at absolute zero temperature 
 C)   the substance is an element in the most stable form and at absolute zero 

D)   the substance is only atoms, and they are at absolute zero 
E)   none of the above statements is correct 

 
 
10) In order for a molecule to function as a ‘greenhouse gas’, it must : 

 
A)   be transparent to visible light and absorb infrared radiation  

 B)   be transparent to infrared radiation and absorb visible light 
 C)   be transparent to both visible light and infrared radiation 
 D)   absorb both visible light and infrared radiation 

E)  be produced through a combustion reaction 
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11) Calculate the height in meters of a column of liquid glycerol (density =1.26 g/cm3) required to 
exert the same pressure as 760 mmHg (d = 13.60 g/cm3). 

 
A)  8.20 m  B)   8.20 × 103 m 
C)   0.704 m  D)   44.4 m  E) 70.4 m 

 
 
12) Which one of the following actions might be expected to decrease production of CO2 gas : 

 
A)   switching from nuclear power generation to natural gas power generation 

 B)   equipping more cars with catalytic converters to increase engine combustion yield 
 C)   switching from oil-fired power plants to cheaper coal-fired power plants 
 D)   switching from natural gas combustion to hydrogen combustion 

E)  increasing our use of wood as fuel, because trees absorb CO2 their whole lives 
 
 
13) A chemical reaction in an engine piston caused 50 kJ of heat to be released, and the volume 

decreased by 2.5 L.  In this system : 
 
A)   work done was + and heat flow was + 

 B)   work done was – and heat flow was + 
 C)   work done was + and heat flow was – 
 D)   work done was – and heat flow was – 

E)  there was no work done because there was no expansion, but heat flow was + 
 
 
14) A 500.0 mL sample of O2(g) is at 780 mmHg and 30°C. What will be the new volume if, with 

constant pressure and amount of gas, the temperature is decreased to -15°C? 
 

A)  426 mL   B)   587 mL  
C)   500 mL   D)   250 mL   E)   437 mL 

 
 
15) Using data for the 3 known reactions listed below : 
 (1) H2 (g)  +  ½ O2 (g)  �   H2O (l)     ∆CH° =  –285.8 kJ 

(2) C3H4 (g)  +  4 O2 (g)  �   3 CO2 (g)  +  2 H2O (l)   ∆CH° =  –1937 kJ 
(3) C3H8 (g)  +  5 O2 (g)  �   3 CO2 (g)  +  4 H2O (l)  ∆CH° =  –2219.1 kJ 

 
 the enthalpy ∆H° for the unknown reaction:   C3H4 (g)  +  2 H2 (g)  �   C3H8 (g)                    

can be determined to be :     
 
A)         – 3.7 kJ   B)      – 4440 kJ   
C)        – 4727 kJ    D)      – 290 kJ      
E)          none of the above answers is correct 
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16) In a series of coupled reactions:  A �� B �� C �� D �� E �� F   
 with equilibrium constants:                K1          K2 K3        K4         K5  

   
 The final concentration ratio of [F] / [A] at equilibrium is equal to: 
 

A)   K1   K2  K3   K4   K5 
B)   K1   /   K5 
C)   K5   /   K1 
D)    K1 + K2  + K3   + K4   + K5 
E)  None of these answers is correct. 

 
 
17)  A 5.00 L container of unknown gas at 25.0 °C has a pressure of 2.45 atm. The mass of the gas 

is 32.1 g. What gas is in the container? 
 

A)  NO2   B)   Cl2 
C)   SO2   D)   F2    E)   SO3 

  
 
18) For the reaction:   C10H8 (g) + 12 O2 (g) �  10 CO2 (g) + 4 H2O (l)   ∆CH° was measured to be 

equal to –5153 kJ/mol.  From this, we can calculate the enthalpy of formation of C10H8 (g) as: 
 
A)      –394 kJ/mol   B)     –212 kJ/mol   
C)          +69 kJ/mol   D)       –69 kJ/mol     
E)          none of the above answers is correct 

 
 

19) For the following process: H2O(g) � H2O(s)

A) ∆S  is negative 
 B) ∆S  is positive 
 C) there is not enough information to determine this 
 D) ∆S is equal to ∆G 
 E) ∆S is zero 
 

 
20)  The value of the equilibrium constant for an exothermic chemical reaction is dependent upon: 

 
   A) the temperature of the reaction container. 
   B) the initial amounts of reactants present. 
   C) the total pressure of the reaction container. 
   D) all of these. 
   E) none of these. 
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  21) Diethyl ether (CH3CH2OCH2CH3) was the first general anesthetic. It was first used in 1846 for 
surgical procedures. What is the density in g/L of diethyl ether at 27 °C and 1.11 atm? 

 
A)  2.03 × 103 g/L  
B)   3.34 g/L 
C)   0.299 g/L 
D)  37.1 g/L 
E)  2.71 g/L 

 
 

22) Consider the reaction, 2 SO2(g) + O2(g)  2 SO3(g), at T = 525°C. This reaction has an 
equilibrium constant K = 781 at this temperature. If at equilibrium, the pressure of  SO3  is 
suddenly decreased by removing SO3, the response to the stress will be: 

   
   A) a shift to the right 
   B) a shift to the left 
   C) no change 

D) unpredictable 
E) A shift to both the right and the left 

 
 

23) A student sits in an exam hall at 27 °C, and transfers 600 J of heat energy to the room due to 
deep thought and sweating.  The entropy change to the universe is equal to:                                      

 
A)    – 2.0   J/K  B)    + 2.0   J/K    
C)    – 22    J/K  D)    + 22    J/K    
E)   none of the above answers is correct 

 
 
24) An exothermic chemical reaction is observed NOT to be spontaneous at room temperature. If 

we wished to make the reaction spontaneous, we could: 
 

A)  cool down the reaction mixture to decrease the entropy contribution   
B)    heat up the reaction mixture to increase the entropy contribution 
C)   cool down the reaction mixture to decrease the enthalpy contribution  
D)   heat up the reaction mixture to increase the enthalpy contribution  
E)    do nothing, as the reaction will not be spontaneous at any temperature 
  

 
25) Consider the following reaction:     N2(g) + 3 H2(g) → 2 NH3(g) 

 
What volume of NH3(g) can be produced from 200.0 L of H2(g) if the gases are measured at 
350 °C and 400 atm pressure? 

 
A)  133.3 L    B)   200.0 L  
C)    66.7 L    D)   400.0 L  
E)  300.0 L 
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26) A process will be spontaneous if: 
 

A) ∆H   =  0 and  ∆S  < 0 
B) ∆H   >  0 , ∆S  >  0 , and  T  <  ∆H  / ∆S    
C) ∆H   <  0 , ∆S  <  0 , and  T  >  ∆H  / ∆S 
D) ∆S   <  0  and  ∆H  >  0 
E) ∆H   >  0 , ∆S  >  0 , and  T  >  ∆H  / ∆S    

 
27) A cubic room contains 6 gas molecules randomly distributed.  The probability of observing 

exactly half of the molecules occupying one side of the room (creating ‘equal pressure’) is 
equal to: 

 
A) 1 chance in  64     
B) 1 chance in  32    
C) 1 chance in  20     
D) 5 chances in 16     
E) 100%, because entropy always keeps gas pressure equal in real systems 

 
 
28) A reaction at 312K with ∆G° =  –1798 J/mol is comprised of 3 mol of substance ‘A’, 6 mol of 

substance ‘B’, and 3 mol of substance ‘C’.  If we are observing a true equilibrium, then the 
reaction scheme could be: 

 
A) A  ��  2B  + C 
B) A  ��  B  + 2C 
C) A + B  ��  C 
D) A + B  ��  2C 
E) 2A  ��  B  + C   

 
 
29) The Gibbs Energy for any process was derived by considering: 
 

A)   the Internal Energy change of the system and the Heat given off to the surroundings 
B)   the Work of the system and the Potential Energy change to the surroundings 
C)   the Entropy change of the system and the Heat given off to the surroundings 
D)   the Entropy change of the system and the Work done by the surroundings   
E)   the Work of the surroundings and the Enthalpy change of the system   

  
 
30) The Solubility equilibrium for the precipitation reaction to produce Calcium Carbonate is: 
 
 A)  KSP =  [Ca+] + [CO2

-] / [CaCO2
-] 

 B)  KSP =  [Ca+] [CO2
-] / [CaCO2

-] 
C)  KSP =  [Ca++] [CO3

--] 
D)  KSP =  [Ca+] [HCO3

-] 
E)  KSP =  [Ca++] [HCO3

-] 2  
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