
CHM1311B Midterm #1 2014  Page 1 of 9 

A 

LAST NAME:  __________________________________________________________ 
 
FIRST NAME:  _________________________________________________________ 
 
Student Number: _______________________________________________________ 
 
 
 
 
 

CHM 1311 B 
Midterm #1 

Fall 2014 
 
 

Please keep your work covered at all times and keep your eyes on your own paper!  
Cheating or any appearance of cheating will result in an F in the course and possible 
expulsion from the university.   
 
There are 9 pages in this test.  A periodic table and data sheets are provided at the 
end.  You may rip these pages off of the exam and use them to cover your work 
during the test. Any scratch work should be done on the back of these pages. 

 
Please show all work to receive partial credit. 

 
 

You have 75 minutes to complete the test. 
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Question Points Possible Points Earned 

1 12  

2 5  

3 9  

4 10  

5 9  

TOTAL 45  
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#1. (12 points) Short Answer Questions 
 
a) Give the molecular formula for potassium carbonate:   

K2CO3 

b) What is the common name of FeBr3?    

ferric bromide 

c) What is the name of the acid that is derived from F-? 

hydrofluoric acid 

d) If a glass bottle is filled with air at 25oC, and then put in the fridge, the partial pressure of N2 

in the air will:   

A) decrease   B) increase   C) stay the same  

e) Circle the term(s) in the van der Waals equation that account for repulsive interactions 

between real gas molecules.   

p+ n
2a
V 2

!

"
#

$

%
& V − nb( ) = nRT  

f) Complete the table:  

Chemical symbol Number of 
protons 

Number of 
neutrons 

Number of 
electrons Mass number 

82
207Pb2+  82 125 80 207 

 
g) What is the molality of a solution containing 0.368 mol of HCl in 543 g of water?   

 

0.678 mol/kg 

h) Calculate the volume of 0.500 mol/L sulphuric acid that must be added to water to prepare 

500 mL of 0.250 mol/L solution.   

250 mL 

i) How many gas molecules are in a standard molar volume?    

6.022x1023 molecules 

j) How many µL of a liquid would fit into a rectangle that is 3.0 cm long, 1.0 m wide and 5.6 µm 

high?     

(3.0 cm)(10 mm/cm)(1.0 m)(103 mm/m)(5.6 µm)(10-6 m/µm)(103 mm/m) = 168 µL 
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Question 2.    
a) What is the pressure of the gas mixture in the 
mercury manometer shown? (1 mark) 
 

pgas  = patm – Δh  
= 760 mmHg – 43.8 mmHg 
=716 mmHg 

 
b) Suppose the temperature of the gas mixture is 
brought well below the freezing point of water.  
What will happen to the difference in the mercury 
level on the two sides of the U-tube?  Briefly 
explain your answer.  (1 mark) 

Δh will increase (the level on the right will go up, 
the level on the left will go down).  The pressure of 
the gas mixture will decrease since the water will 
come out of the gas under these cold conditions.  
This will allow the pressure from the atmosphere to push the mercury column further down the 
U-tube. 

c) At its boiling point, the density of liquid methane is 422 g/L and the density of the gas is 2.16 
g/L. What volume of liquid methane would be produced if the 2.58 L of methane gas in the bulb 
was liquefied?  (3 marks)      

d = m
V

 and hence m = dV .  Since the mass of the methane will not change after the phase 

transition, we can say: 

m = dliquidVliquid = dgasVgas  

Vliquid =
dgasVgas
dliquid

=
2.16 g/L( ) 2.58 L( )

422 g/L( ) =13.2 mL

 

  

43.8 mm 
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Question 3.  
When gaseous F2 and solid I2 are heated to high temperatures, the I2 sublimes and gaseous iodine 
heptafluoride forms.  Suppose 46.7 kPa of F2 and 9.85 mmol of solid I2 are put into a 2.50 L 
container at 250 K, and the container is heated to 550 K.   

a) Which reagent is in excess? (You must show the calculations required to identify the 
excess reagent.) (5 marks) 

7 F2 (g) +  I2 (g) -> 2 IF7(g)   (1 mark) 
nI2 = 9.85 x 10-3 mol 

Number of moles of product from I2: nIF7
= nI2

2 mol IF7

1 mol I2

= 0.0197 mol
        (1 mark)

 

Number of moles of product formed by F2: 

nIF7
= nF2

2 mol IF7

7 mol I F2   (1 mark)
 

nF2
= pV
RT

=
46.7 kPa( ) 2.50 L( )

8.314 kPa L K-1 mol-1( ) 250 K( ) = 0.05617 mol

    (1 mark)
 

nIF7
= 0.05617 mol( ) 2 mol IF7

7 mol I F2

= 0.0160 mol
 (1 mark)

 

Since F2 forms less product, it is the limiting reagent. 
b) What is the total final pressure of the mixture at 550 K? (4 marks) 

pT = pI2 + pF2 + pIF7    (1 mark)
 

Since the fluorine is limiting, it is used up and pF2 = 0  

We calculated the amount of IF7 that would be produced in part a: nIF7
= 0.0160 mol  

For I2, we need to use the initial amount, subtract the amount that reacted to find the 
excess: 

nI2
= ninitial − nreacted = ninitial − nF2

×
1 mol I2

7 mol F2

= 0.00985 mol − 0.05617 mol ×
1 mol I2

7 mol F2

= 0.00183 mol
  (1 mark)

 

The total number of moles can be put into ideal gas law: 

n =
nI2

+ nIF7
( )RT

V
=

0.0160+ 0.00183( )  mol 8.314 kPa L K-1 mol-1( ) 550 K( )
2.50 L

= 32.6 kPa  

(2 marks) 
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Question 4. 
A sample of an unknown gas effuses in 13.0 min. An equal volume of H2 in the same apparatus 
under the same conditions effuses in 2.42 min.  Combustion analysis shows that the unknown gas 
is a hydrocarbon, producing 68 g of CO2 and 34.8 g of H2O in the reaction.   

a) What is the molar mass of the unknown gas? (3 marks) 
  

Rate H2

Rate x
=

Mx

MH2

       (1 mark)    

Rate H2

Rate x
=

V
tH2
V
tx

=
tx
tH2

   (1 mark) 

Solve for the unknown:      Mx = MH2

tx
tH2

⎛

⎝
⎜

⎞

⎠
⎟

2

= 2.016 g/mol( ) 13.0 min
2.42 min

⎛
⎝⎜

⎞
⎠⎟

2

= 58.2 g/mol
    (1 mark) 

 

b) What is the molecular formula of this gas? (5 marks)   

nC =
mCO2

MCO2

= 68 g
44.01 g/mol

=1.55 mol   (1 mark) 

nH =
mH2O

MH2O

× 2 mol H
1 mol H2

= 34.8 g
18.02 g/mol

× 2 mol H
1 mol H2

= 3.86 mol
  (1 mark)

 

Empirical formula is:C1.55
1.55

H3.86
1.55

= C1H2.5  - multiply through by 2 to get whole numbers: C2H5  (1) 

Whole number multiple: 
Mx

MC2H5

= 58.2 g/mol
29.06

= 2
      (1 mark)

 

Therefore molecular formula is: C2×2H5×2 = C4H10   
(1 mark)

 

c) Suppose the oxygen supply got cut off during the combustion reaction so that only 39 g of CO2 
was produced.  How much H2O would be produced in that reaction? (2 marks) 

 

% Yield = Actual
Theoretical

= 39 g
68 g

×100% = 57.3%
  (1 mark)

 

 
Actual = % Yield ×Theoretical = 0.573× 34.8 g = 20 g  

(1 mark)
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#4. For the following reaction in aqueous solution:  
 

HPO3
2- (aq) + PH3 (g) → P4 (s) 

                                             +1  +3  -2                  -3   +1                 0 
 
 

a) Write the oxidation numbers below each element in the reaction above (3 marks)  
 

b) Based on your answer in a), what is being reduced in this reaction? (1 mark) 
HPO3

2- 
 

  
c) Balance this equation in acidic solution (5 marks).   

 
20 H+ + 4 HPO3

2- + 12 e- → P4 + 12 H2O 
                 4 PH3  → P4 + 12 H+ + 12 e-          . 

 
20 H+ + 4 HPO3

2- + 4 PH3 → 2P4 + 12 H2O + 12 H+ 

 
Cancel out species that appear on both sides: 
 

8 H+ + 4 HPO3
2- + 4 PH3 → 2P4 + 12 H2O 

Divide by 2: 

4 H+ + 2 HPO3
2- + 2 PH3 → P4 + 6 H2O  

 
(~0.5 marks for each correct balancing step, e.g. 0.5 each for balancing P in one half reaction, 

balance O in one half reaction, balance H in one half reaction, balance charge etc…) 
 

 
 

  

Final balanced chemical equation: 
 

4 H+ (aq) + 2 HPO3
2- (aq) + 2 PH3 (g) → P4 (s) + 6 H2O (l) 
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Constants and Conversion Factors 
 
1 mmHg = 1 torr    760 mmHg = 1 atm 1 atm = 101.325 kPa  1 atm = 1.013125 bar 
1 cm3 = 1 mL 1 dm3 =  1000 mL = 1 L            1 mm3 = 1 µL 1 m3 = 1000 L  
1 mol = 1000 mmol 1 cm = 10 mm 1 m = 106 µm = 103 mm 

 
Avogadro’s Number N 6.022x1023 mol-1 

Atomic mass unit u 1.66054x10-27 kg 
Gas constant R 8.31451 J·K-1·mol-1  

 R 8.31451 kPa·L·K-1·mol-1  

 R 0.08206 atm·L·K-1·mol-1 

 R 8.31451 m3 Pa·K-1·mol-1 

 R 0.0831451 bar L·K-1·mol-1 

 

Equations 

T in K( ) =T in oC( )+ 273.15 K
  

n = m
M

  % Yield = actual yield
theoretical yield

 

c mol / L( ) = nV     
c1V1 = c2V2

    
pV = nRT

 
p1V1
T1

=
p2V2
T2      

pT  =  p1 + p2 + p3 + …   pA = X A × pT  

X A =
nA
nT      d = m

V
= p ⋅M
RT

   EK =
1
2
mv2   

urms =
3RT
M      

Rate A
Rate B

=
MB

MA

  p+ n
2a
V 2

!

"
#

$

%
& V − nb( ) = nRT
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