
CHM1311B Midterm #2 2013  Page 1 of 9 

 

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

CHM 1311 B 
Midterm #2 

Fall 2013 
 
 

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.  The last two pages include a periodic table, equations 
covered in the course, and data that may be useful for some questions.  You may rip 
these pages off of the exam and use them to cover your work during the test.  
 

You must show all work to receive partial credit. 
Marks may be deducted if an unreasonable number of sig figs are shown in your 

final answer. 
 

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

1 12  

2 5  

3 5  

4 9  

5 10  

6 9  

TOTAL 50  
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#1. (12 points) Short Answer Questions (2 marks each) 
 
a) Write the balanced chemical equation corresponding to the Δ f Ho of NaHCO3 (s).  Be sure to 

include the phases. 
 

Na (s)+ ½ H2 (g) + C (s) + 3/2 O2 (g)  →  NaHCO3 (s) 
 
 
b) What would be the value of K at 25oC for the reaction 4 A + 2 B D  2 C, given the data below at 

25oC: 
2 A +  B D   X  K = 10 
2 C D  2 X   K = 50 

 
 
 

K =______________2________________ 
 

c) The reaction 2A + B -> C has a rate constant that is equal to 45 s-1. A plot of ln[B] versus time is 
linear.  What is the rate law for this reaction? 

 
rate = k x [B] = 0.45 s-1 x [B] 

 
 
d) Suppose 1 mol of NH3, HNO3, KBr, or HF is added to 1 L of water.   

i. Which solution will have the lowest pH?   
HNO3 

 
ii. Which solution will have the highest pH? 

NH3 
 
 
e) What is the [OH-] concentration of a pH = 9.0 solution? 
 

pH + pOH = pKw 
pOH = pKw – pH = 14 .0 – 9.0 = 5.0 

[OH-] = 10-pOH = 10-5 M 
 
 
f) Which gas would you expect to have the greater heat of reaction per mole of combustion; 

methane (CH4) or ethane (C2H6)?  Explain your answer in ~one sentence. 
 
C2H6 has more C-H bonds per mole than CH4, therefore it will have a greater heat of reaction. A 
relatively small amount of energy is required to break a C-H bond, while a relatively large amount of 
energy is gained by the formation of C=O bonds, as shown by the corresponding BE values (423 kJ mol-1 
for C-H, 745 kJ mol-1 for C=O).  Therefore the compound with the larger number of C-H bonds per mole 
will yield the greater heat of reaction per mole of combustion. 
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#2. At 25oC HI breaks down according to: rate =k [HI]2 with a rate constant of 2.4 x10-21 L mol-1 s-1.   
If 2.55 mol of HI is placed in a 10.0 L container, how many years will it take for 1.0% to react? (5 
marks) 
According to the rate equation given, this is a second order reaction,  with the corresponding 

integrated rate law:
     

1
A!" #$t

−
1
A!" #$o

= kt  

We have been given k, and have the information we need to calculate the initial concentration of 

reactant HI:    HI!" #$o =
n
V
=

2.55 mol
10 L

= 0.255 mol L-1  

To calculate the time it takes for 1% to react, we recognize that the concentration of HI at this time 
is  99% of the initial concentration; 0.99[HI]o.  This can be substituted into the rate equation: 

1
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Convert into years: 1.65×1019  s( ) 1 min
60 s
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"
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"
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&
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Answer: _____5.2 x 1011_________________ years 

#3. 2.55 g of a hydrocarbon was placed in the bomb of a calorimeter.  The bomb was immersed in 
2.550 L of water and the sample was burned.  The water temperature rose from 25.2 oC to 27.6 oC.  
If the calorimeter (excluding the water) had a heat capacity of 965 J/K, what was the heat released 
per gram of hydrocarbon?  (5 marks) 

qHC = − qcalorimeter + qH2O( )
qHC = − cCalorimeter ×ΔTCalorimeter +mH2O × cH2O ×ΔTH2O( )

= − cCalorimeter ×ΔTCalorimeter + dH2OVH2O × cH2O ×ΔTH2O( )
= − 965 J/K× 27.6− 25.2( )K + 1.00 g/mL( ) 103  mL/L( ) 2.550 L( )× 4.184 J/g/K( )× 27.6− 25.2( )K( )
= −27.9 kJ

 

This is the total energy produced in the combustion reaction. To find the heat released per gram of 
hydrocarbon, we just divide this heat by the mass of hydrocarbon burned: 

qHC

g
=
−27.92 kJ

2.55 g
= −10.9 kJ/g

 

 
Answer: ____10.9 kJ/g of hydrocarbon of heat was released____  
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#4. The following reaction was started by the addition of a catalyst to a 1.000 L flask containing 
0.5000 bar of nitric oxide gas at 298 K, where K = 4.35 x 10-31 at this temperature: 

N2 (g) + O2 (g) D  2NO (g) 
a) What is the partial pressure of N2 at equilibrium? (5 marks) 

 
 
 

K =
pNO
2

pN2 pO2
=
0.500− 2x( )

2

x2
 

K =
0.500− 2x( )

x
 

x = 0.500
2+ K

= 0.250 = pN2  

 
Answer: _______________0.250 bar_______________ 

b) What is Kc for this reaction? (1 mark) 

K = Kc RT( )
Δn gas( )  

Since the number of moles of gas in the reactants is the same as the number of moles of gas in the 
products,  K = Kc. 
 

c) Given that Δ f Ho for NO is 91.3 kJ/mol, at what temperature should the reaction be run to 
increase the equilibrium constant by a factor of 100 (i.e. increase the equilibrium constant 
100-fold)? (3 marks) 
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T2 = 318 K

 

 
  

 N2 O2 2 NO 

Initial 0 0 0.500 bar 
Change x x -2x 
Equilibrium x x 0.500 – 2x 
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#5. For the oxidation of nitric oxide into nitrogen dioxide, the following mechanism has been 
proposed:  
 
 
 
 
 
 
With the following values for the rate constants: k1 = 4.8 x 103, k-1 = 3.6 x 103 and k2 = 1.3 x 10-2. 
 

a) What is the molecularity of the slowest step in this mechanism? (1 mark) 
The second step has the smallest rate constant – its molecularity is 2. 

 
b) Derive the rate law for the overall reaction in terms of the concentration of reactants. (4 

marks) 
rate = k2 N2O2

!" #$ O2
!" #$  

Since the first step is in rapid equilibrium, rate of the forward reaction = rate of reverse reaction: 

k1 NO!" #$
2
= k-1 N2O2!" #$

N2O2!" #$=
k1
k-1

NO!" #$
2  

Substitute this into first rate equation:  

rate =
k2k1
k-1

NO!" #$
2
O2!" #$=

1.3×10−2( ) 4.8×103( )
3.6×103( )

NO!" #$
2
O2!" #$= 0.017 NO!" #$

2
O2!" #$  

 
 

Rate Law: ____________Rate = 0.017[NO]2[O2]____________________________ 
 

c) Draw the reaction energy profile for this reaction (ΔrHo is 51.8 kJ/mol for the overall 
reaction).  Be sure to label your axes, and indicate where in the graph each species in the 
reaction occurs.  Also label the graph with ΔrHo and Ea. (5 marks) 

  

                 2NO (g)             N2O2 (g)             Rapid equilibrium          
 
 
N2O2 (g) + O2 (g)               2 NO2 (g) 
 

k-1 

k1 

k2 

Energy 

Reaction progress 

2NO 

N2O2 + O2 2 NO2 ΔrHo 

Ea 
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#6. a) Some species of ant will spray concentrated solutions of formic acid (HCOOH) from the 
abdomen as a defense mechanism. What is the pH of a 17.4 mol/L solution of formic acid?  Ka = 
1.70 x 10-4.  (5 marks) 

HCOOH (aq) + H2O   HCOO- (aq) + H3O+ (aq) 

 
 

 
 

Ka =
HCOO-!" #$ H3O

+!
"

#
$

HCOOH!" #$
=

x2

17.4− x
 

Since 
HCOOH!" #$o
Ka

=
17.4

1.7×10−4
> 400  17.4 – x ≈ 17.4 

Ka = x2

17.4
  x = 17.4Ka = 0.0544 M = H3O

+!
"

#
$    

 pH = -log[H3O+] = 1.2 

 
pH = ______1.26_________________ 

b) Write the net balanced chemical reaction that would be expected if NaClO is added to a solution 
of formic acid. (2 marks) 

ClO- (aq) + HCOOH (aq)   HClO (aq) + HCOO- (aq) 

 

 
c) Given that the pKa of the conjugate acid of NaClO is 7.54, what will be the preferred direction 
for the reaction in b)?  Provide a brief explanation justifying your answer. (2 marks) 

 
Ka (HCOOH) = 1.7 x 10-4             Ka (HClO) = 10-7.54 = 2.8 x 10-8 

Since HCOOH is the stronger acid the preferred direction will be forward.  

 HCOOH HCOO- H3O+ 
Initial 17.4 M 0 10-7 ≈ 0 
Change -x x x 
Equilibrium 17.4 - x x x 
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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 m3 = 1000 L  
1 cal = 4.184 J 

 
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 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 

Data For Water 
Density  = 1.00 g/mL (at 25°C) ΔH°vap = 40.7 kJ mol-1 
c = 4.184 J g-1 K-1 (liquid) ΔH°fus = 6.02 kJ mol-1 

 
Average Bond Energies 
O – H  467 kJ mol-1  C – H  413 kJ mol-1  C – C  347 kJ mol-1   
C – O   358 kJ mol-1  C = O 745 kJ mol-1  O = O 498 kJ mol-1 
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Equations Covered Since Midterm 1 
 
ΔrH
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x = −b± b2 − 4ac

2a  

pH = −log H3O
+"

#
$
%   pOH = −log OH-"

#
$
%   pH+ pOH =14  Ka ×Kb = Kw  

pKa = −logKa   pKb = −logKb
 

 
 

Midterm 1 Equations 
 

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

n = m
M

  % Yield = actual yield
theoretical yield

 

c mol / L( ) = nV   
m mol / kg( ) = nsolutemsolvent   

c1V1 = c2V2
  

pV = nRT
 

p1V1
T1

=
p2V2
T2      

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

d = m
V
=
p ⋅MM
RT

    EK =
1
2
mv2     urms =

3RT
M

 

Rate A
Rate B

=
MB

MA

    p+ n
2a
V 2

!

"
#

$

%
& V − nb( ) = nRT   w = −pΔV  

ΔU =U final −Uinitial = q+w
   

ΔH = ΔU + pΔV
 

 


