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INSTRUCTIONS: 

 
1. Write your answers on the exam.  Please BOLD or HIGHLIGHT your final answer. 
 

2. You are allowed to use electronic calculators during the exam (TI 30X, TI 34, TI 36). 
 

3. Equations and constants are given on pages 18 and 19.  A periodic table of the 

elements is included (page 20).   
 

4. Use the correct number of significant figures at all times. 

 

5. Marks allotted to each question are shown in brackets.  The exam is out of 100. 

 

7. Use the back of sheets for rough work. Three extra (blank) pages (15, 16 and 17) 

have also been included. 

 

8. You are advised to read through the exam paper before you begin to write.  Answer 

first those questions that you can do right away, proceeding to more difficult 

questions thereafter. Allow about ten minutes near the end of the exam period to 

read quickly through your answers, checking for obvious errors. 

 

Quest. 1 2 3 4 5 6 7 8 9 10  

Marks  /10 /10 /10 /10 /10 /10 /10 /10 /10 /10 /100 
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(10) 1. The human eye contains a molecule called 11-cis-retinal that changes 

conformation when struck with light of sufficient energy.  The change 

in conformation triggers a series of events that results in an electrical 

signal being sent to the brain.  The minimum energy required to change 

the conformation of 11-cis-retinal within the eye is about 164 kJ/mol.  

Calculate the longest wavelength visible to the human eye. 

 

 

[2] 

 

 

 

(b) A green leaf has a surface area of 2.50 cm2.  If solar radiation, having 

an average wavelength of 504 nm is 1.00 x 103 W/m2, how many 

photons strike the leaf every second?  (1 W = 1 J/s)                       

 

 

 

 

[3] 

 

 

 

  

(c) How many photons at 660 nm must be absorbed to melt 5.0 x 102 g of 

ice?  It takes 334 J to melt 1 g of ice at 0°C. 

 

 

 

 

[3] 

 

 

 

 (d) What is the velocity of an electron emitted by a metal whose threshold 

frequency is 2.25 x 1014 s-1 when it is exposed to visible light of 

wavelength 5.00 x 102 nm? 

 

 

[2] 
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(10) 2. A 5.00 L vessel contains 25.0 g PCl3 and 3.00 g of O2 at 

15.0 °C.  The vessel is heated to 200.0 °C and the contents react to 

give POCl3.  What is the final pressure in the vessel assuming that the 

reaction goes to completion and that all reactants and products are in 

the gas phase? 

 

   

 

 

 

 

 

[6] 

 

 

 

 

 

 

 

 

 

 

 

 

 

  If 26.8 g of POCl3 is actually produced, what is the percent yield of the 

reaction? 

 

 

[4] 
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(10) 3. Sulfur reacts with fluorine to form a pair of neutral 

molecules, SF4 and SF6, that in turn form positive and negative ions, 

SF3
+ and SF5

-. 

 

(a) Draw the Lewis structures of each species above.  Show your 

reasoning and all your work. 

 

 

 

 

 

 

[2] 

 

 

 

 

 

 

 

(b) Using VSEPR, determine the geometry and shape of each species. 

 

 

 

[4] 

 

 

(c) Determine the formal charges on all the atoms in the structures in (b). 

 

 

 

 

[2] 

 

  

 

 (d) What are the major bond angles in each species likely to be? 

 

 

 

[2] 
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(10) 4. Adiponitrile, a key intermediate in the manufacture of nylon, is 

made industrially by an electrolytic process that reduces acrylonitrile: 

 

Anode: 2 H2O  →  O2  +  4 H+  +  4 e- 

 

Cathode: 2  CH2CHCN  +  2 H+  +  2 e-
   →   NC(CH2)4NC 

      Acrylonitrile     adiponitrile 

 

 i) Write the overall balanced cell reaction. 

 

 

[1] 

 

 

ii) What mass of adiponitrile is produced in 10.0 h in a cell that has a 

constant current of 3.00 x 103 A? 

 

 

 

 

[3] 

 

 

 

iii) What volume of O2 at 740. mm Hg and 25.0 °C is produced as a 

byproduct? 

 

 

 

[3] 

 

 

 

 iv) The Ksp of CuI is 1.1 x 10-12.  Calculate Ecell for the following: 

 

Cu (s) | CuI (s) |  I- (aq) (1.0 M) ||  Cu+ (aq) (1.0 M) |  Cu (s) 

 

 

[3] 
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(10) 5. (a) Initial rate data is given below for the reaction 
           

A + B   →  C 

 

(i) What is the rate law for this reaction?   

 

 

 

 

 

[3] 

 

 

 

 

 

 (ii) What is the rate constant for this reaction with the correct 

units at each temperature? 

 

 

 

[3] 

 

 

 

  (iii) What is the activation energy for this reaction? 

 

 

 

 

[1.5] 

 

 

  Experiment T 

(K) 

[A] 

 (M) 

[B]  

(M) 

Initial Rate of Formation of  C 

 (M/s) 

1 700 0.20 0.10 1.8 x 10-5 

2 700 0.40 0.10 3.6 x 10-5 

3 700 0.10 0.20 3.6 x 10-5 

4 600 0. 50 0.50 4.3 x 10-5 



 page 7 of 20 
 

 b) A two-step mechanism has been proposed for the reaction of nitric 

oxide and bromine: 

 

NO (g)  +  Br2 (g)  →  NOBr2 (g) 

NOBr2 (g)  +  NO (g)  →  2 NOBr (g) 

 

 i) What is the overall reaction? 

 

 

[0.5] 

 

 

 

 ii) What is the role of NOBr2 in the reaction? 

 

 

[0.5] 

 

 

 iii) What is the predicted rate law if the first step is much slower than 

the second step? 

 

[1] 

  

 

 iv) The observed rate law is Rate = k[NO]2 [Br2].  What can you conclude 

about the rate-determining step? 

 

[0.5] 
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(10) 6. (a) A 0.0100 mol sample of solid Cd(OH)2 (Ksp = 5.3 x 10-15) in 100.0 

mL of water is titrated with 0.100 M HNO3. 

 

  i) What is the molar solubility of Cd(OH)2 in pure water?  What is the pH 

of the solution before the addition of any HNO3? 

 

 

 

[1.5] 

 

 

 

 ii) What is the pH of the solution after the addition of 90.0 mL of 0.100 

M HNO3? 

 

 

  

[2] 

 

 

 

 

 iii) What volume of 0.100 M HNO3 is required to completely neutralize the 

Cd(OH)2 ? 

 

   

[1] 

 

 

 (b) Calculate the molar solubility of barium fluoride in 0.15 M sodium 

fluoride.  Ksp = 2.45 x 10-5.   

 

 

[2] 
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(c) A 14.58 g quantity of N2O4 (g) was placed in a 1.000 L vessel at 400.0 K.  The 

gas decomposed to give an equilibrium mixture of N2O4 (g) and NO2 (g) having a total 

pressure of 9.15 atm.  Find the value of Kc for the balanced reaction. 

 

 

[3] 

 

 

   

 

 

 

 

 

 

 

 

 

 

  If the volume of the vessel were doubled at constant temperature, 

would the composition of the mixture change?  Explain your reasoning. 

 

 

[0.5] 
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(10) 7. (a) Sodium benzoate (C6H5COONa) is used as a food 

preservative.  Calculate the pH of a 0.050 M solution of this salt. Ka for 

benzoic acid is 6.5 x 10-5.   

 

 

 

 

 

 

[4] 

 

 

 

 

 

  (b) Can the above solution be considered as a buffer?  Explain your 

answer as completely as possible. 

 

 

[2] 

 

 

 

 

  (c) Given a buret filled with 0.10 M acetic acid (Ka = 1.8 x 10-5) and 

a second buret filled with 0.15 M sodium acetate, what volume 

of each solution should be mixed together to produce 20.0 mL 

of a solution with a pH of 4.85? 

 

 

 

 

 

[4] 
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(10) 8.  (a) Consider the Haber synthesis of gaseous ammonia (ΔH°f 

= -46.1 kJ/mol, ΔG°f = -16.5 kJ/mol) from its elements, hydrogen and 

nitrogen gases. 

   

  (i) Write the balanced equation for the reaction. 

 

[1] 

 

 (ii) Using only the above data, calculate ΔH° and ΔS° for the 

reaction at 25.0 °C. 

 

[2] 

 

 

 

 

 

 

 (iii) Account for the sign of ΔS°.  

 

[1] 

 

 (iv) Is the reaction spontaneous under standard-state conditions at 

25°C?  Explain as fully as possible. 

 

[1] 

 

 (v) What are the equilibrium constants Kp and Kc for the reaction 

at 350. K?  Assume that ΔH° and ΔS° are independent of 

temperature. 

 

[2] 
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 b) A 110.0 g piece of molybdenum metal is heated to 100.0 °C and 

placed in a calorimeter that contains 150.0 g water at 24.6 °C.  The 

system reaches equilibrium at a final temperature of 28.0 °C.  Calculate 

the specific heat capacity of molybdenum metal.  The specific heat 

capacity of water is 4.184 J/g°C. 

 

 

 

 

 

[3] 
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(10) 9. Salicylic acid, used in the manufacture of aspirin, contains only the 

elements C, H, and O and has only one acidic hydrogen.  When 1.00 g 

of salicylic acid undergoes complete combustion, 2.23 g of carbon 

dioxide and 0.39 g of water are obtained.  When 1.00 g of salicylic 

acid is titrated with 0.100 M NaOH, 72.4 mL of the base is needed 

for complete reaction.  What are the EMPIRICAL and MOLECULAR 

formulae of salicylic acid? 
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(10) 10. You have been asked to join RH Stephen Harper in 

Copenhagen for the summit on environmental issues.  You will be 

required to demonstrate your ability to show how chemistry is 

intricately connected with all environmental issues.  Write a 1-2 page 

essay that CLEARLY demonstrates your knowledge of the underlying 

chemistry in ONE of the following topics: quantum chemistry, 

electrochemistry, acids and bases, equilibrium, kinetics, gas laws, or 

thermodynamics.  In an essay of minimum length 1 page and using at 

least 3 chemical concepts (clearly explained), prepare your speech on 

how chemistry is critical to an issue related to the environment. 
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Gas Law 

PV  =  nRT 

PTotal  =  P1 + P2 + P3 + . . . 

d = m /V = P(MM) / RT 

KE  = (1/2)mvav2 

M

RT
v

32

  

a

b

M

M

RateB

RateA
  

  nRTnbV
V

an
P 

2

2

 

1 atm  =  760 Torr  =   760 mm Hg  =  

1.01325 x 105 Pa 

Equilibrium 

Kp = K(RT)n 

K = [C]c[D]d/[A]a[B]b 

 

Ksp =  [C]c[D]d 

 

Acid/Base 

pOH = -log [OH-] 

pH = -log[H + ] 

pH + pOH = 14 

Ka x Kb = Kw 

pH = pKa +log [A-]/[HA] 

2

21 aa pKpK
pH


  

Concentration (M) = n/V 

 

Electrochemistry 

Go = - nFEo 

 

E = Eo - RT ln(Q) 

    nF 

 

Or E = Eo - 0.059 log(Q) at 25oC 

n 

Q  =  I · t 

Quantum Mechanics 

λ· ν  =  c 

E  =  h · ν 

c

h
m


  

E = ½ m u2 

 = h/mu 

Energy of state = -2.178x10-18 J / n2 

x·p  h / 4π  

E = - C(1/n2) 

Liquids and Colligative Properties 

ln(P1/P2) = H
o
/R (1/T2 – 1/T1) 

Psolution  = Xsolvent • P
o

solvent 

T
BP

  = K
BP • m 

TFP   = KFP•m 

T  = K • m • i 

Π = cRT 

molality  = mol solute/mass solvent (kg) 

General Information:   x
b b ac

a


  2 4

2
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Thermodynamics 

U = q 

wsystem  =  ΔPV 

E = q +   w 

H  =  E + PV 

qP  =  E + PV 

E = nCvT 

H =  qp  = m c T 

Cp = Cv + R 

Hrxn°=npHf(products) - 

nrHf(reactants) 

qrev = -wmax = nRT ln (V2/V1) 

S = qrev / T 

ST1-T2 = nCp ln(T2/T1) 

S T1-T2 = nCv ln(T2/T1) 

T

H

T

q
S

sysgssurroundin
gssurroundin


 0  

Go  =  Ho  -  TSo 

G = Go + RT ln(Q) 

Go = - RT ln(K) 

ln(K1/K2) =  Ho/R (1/T2 - 1/T1) 

Kinetics 

 

Rate = k [A]x[B]y[C]z 

Rate = k 

Rate = k[A] 

Rate = k[A]2 

[A] = -kt + [A]0 

ln[A] = -kt + ln[A]0 

1/[A] = kt + 1/[A]0 

t = [A]0 / 2k 

ln 2 = kt 

k = Ae-Ea/RT 

ln(k1/k2) =  Ea/R (1/T2 - 1/T1) 

Bonding 

DE =  k (Q1Q2 / r) 

DHrxn  =  SnpD(reactants)  - 

SnrD(products) 

Formal Charge = #valence e- in free 

atom - #lone pair e- - 1/2(# bonding 

e-) 

Data For Water and Other Constants 

Density d = 1.00 g/mL (25°C) C = 4.184 J g-1 C-1 (liquid)     Kw  = 1.00 x 10-14 

Avogadro’s Number N 6.022x1023  mol-1 

Boltzmann’s constant k 1.30866x10-23  J·K-1 

Faraday’s constant F 96,485  C·mol-1 

Gas constant R 8.31451  J·K-1·mol-1 

 R 0.08206  L·atm·K-1·mol-1 

Mass of Electron me 9.10938188 x 10-31 kg 

Planck’s constant h 6.62608x10-34 J·s 

Speed of Light c 2.99792458x108  m·s-1 



 page 20 of 20 
 

 

 

 

 

 

 


