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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, 

Casio 290 or 300). 
 

3. Equations and constants are given on pages 17 and 18.  A periodic table of the 

elements is included (page 19).   
 

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 (14, 15 and 16) 

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.  Good luck! 

 

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

Marks  /10 /10 /10 /10 /10 /10 /12 /8 /10 /10 /100 
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(10) 1. A microwave oven operating at 1.22 x 108 nm is used to heat 150.0 mL 

of water (roughly the volume of a tea cup) from 20.0 °C to 95.0 °C.  

Calculate the number of photons needed if 92.0 percent of microwave 

energy is converted to the thermal energy of water. (dwater =1.00 g/mL; 

cwater = 4.184 J/g˚C)  

 

 

 

 

 

 

[5] 

 

 

 

 

 

 

(b)  In a photoelectric effect experiment, photons having an energy of  

361.3 kJ/mol are absorbed by a metal and the maximum kinetic 

energy of the resulting electrons is KE = 162.6 kJ/mol. 

 

i) Calculate the binding energy (work function) of ONE electron in 

the metal. 

 

 

 

 

 ii) Calculate the wavelength of the light. 

[5] 

 

 

   

  iii) Calculate the velocity of the electrons. 
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(10) 2. (a) The carbon dioxide exhaled by astronauts must be removed from the 

spacecraft atmosphere.  One way to do this is to react the gaseous 

carbon dioxide with solid lithium hydroxide, which results in the 

formation of solid lithium carbonate and liquid water.  The carbon 

dioxide output of an astronaut is about 1.0 kg/day.  What is the 

minimum mass of lithium hydroxide required for a six-day space 

shuttle flight involving five astronauts? 

 

   

 

 

 

 

 

[5] 

 

 

   

 

 

 

 

(b)  The combustion of what volume of ethane (C2H6) measured at 23.0 ˚C 

and 752 mm Hg would be required to heat 855 g of water from 25.0 ˚C 

to 98.0 ˚C?  cwater = 4.184 J/g˚C; ΔfH˚ (CO2) = -393.5 kJ/mol; ΔfH˚ (H2O 

(l)) = -285.8 kJ/mol; ΔfH˚ (C2H6) = -84.7 kJ/mol 

 

 

 

 

   

 

 

[5] 
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(10) 3. Iodine forms three compounds with chlorine:  ICl, ICl3, and ICl5. 

 

  (a)  Showing all your work, determine the molecular geometries of all three 

molecules.   

 

 

 

 

 

 

 

 

[6] 

 

 

 

 

 

 

 

 

 

(b) What are the shapes of all three molecules?  Draw them. 

 

 

 

[3] 

 

 

 

 

(c)What are the main angles in each of the three molecules?  Are they 

polar? 

 

 

 

 

[1] 
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(10) 4. (a) When heated, lithium reacts with nitrogen to form lithium nitride: 

 

Li (s)  +     N2 (g) →          Li3N    (unbalanced) 

 

  What is the theoretical yield of Li3N when 12.3 g of Li is heated with 

33.6 g of N2?  If the actual yield of Li3N is 5.89 g, what is the 

percent yield of the reaction? 

 

[5] 

 

 

 

 

 

 

 

 

 

 

 

(b) A sample of zinc metal reacts completely with an excess of 

hydrochloric acid: 

 

  Zn (s)  +  HCl (aq)  →  ZnCl2 (aq)  +  H2 (g) 

 

 The hydrogen gas produced is collected over water at 25.0 ˚C.  The 

volume of the gas is 7.80 L and the pressure is 0.980 atm.  Calculate 

the mass of zinc metal consumed in the reaction. 

 

 

 

[5] 
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(10) 5. (a) The following initial rate information was collected at 25˚C for the 

reaction:           

2 I- (aq) +  S2O8
2- (aq)   →  I2 (aq)  +   2 SO4

2- (aq) 

 

i) Determine the rate law expressed by this data. 

 

 

 

[4] 

 

 

 

ii) Calculate the rate constant with the CORRECT units. 

 

 

 

 

 

 

b) The light-emitting decay of excited mercury atoms is first order, with a 

half-life of 4.20 x 10-7 s.  A sample contains 4.5 x 10-6 mol/L of excited 

mercury atoms.   

 

i) At what time will the concentration be 4.5 x 10-7 mol/L? 

 

 

[2] 

 

 

 

ii) What will the concentration of mercury atoms be after 2.5 x 10-6 s?

    

Experiment 

[I-]o 

(mol/L) 

[S2O8
2-]o  

(mol/L) 

Initial Rate  

 (mol/L·s) 

1 0.125 0.150 4.4 x 10-2 

2 0.375 0.150 1.3 x 10-1 

3 0.125 0.050 1.5 x 10-2 
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b) The reaction of CO with Cl2 gives phosgene (COCl2), a nerve gas used in 

World War I.  Even though the stoichiometry is simple, the mechanism has 

several steps: 

 

 1.  1

1

( ) ( )


2Cl  2 Cl                   Fast reversible equilibrium
k

k
g g   

  

 2.  2( ) ( ) ( ) Cl CO  COCl                 Slowkg g g   

 

 3.  ( ) ( ) ( ) 3

2COCl Cl  COCl               Fastkg g g  

 

 i) Show that the elementary reactions of the proposed mechanism 

can be added to provide a balanced equation for the reaction.   

 

[1] 

 

 

   

 

 

ii) Identify any intermediates in the mechanism. 

 

 

[1] 

 

 

  iii) What is the rate law yielded by this mechanism? 

 

[2] 
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(10) 6. (a)  The solubility of calcium phosphate in water is 3.5 x 10-5 g/L.  Use this 

information to calculate Ksp for the salt. 

 

 

[5] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

  (b) What mass of BaF2 (Ksp = 1.8 x 10-7) will dissolve in 0.500 L of 0.100 

mol/L NaF solution? 

 

 

[5] 
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(12) 7. (a)  Consider the titration of 30.0 mL of 0.200 mol/L HCOONa (aq) with 

6.0 mol/L HCl (aq). (Ka for HCOOH is 1.8 x 10-4) 

 

 i) What is the original pH of the solution of HCOONa? 

 

 

 

  

 

 

 

 

 

 ii) What is the pH of the solution halfway through the titration?   

 

 

 

[6]  

 

 

 

 

 

iii)  What is the pH at the equivalence point? 
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(b)  What is the pH of a buffer solution containing 35.0 g of NH4Cl dissolved in 

1.00 L of 1.00 mol/L NH3? 

 

 

 

[6] 

 

 

 

 

 

 

 

 

 

 

 

ii) Calculate the pH of the system if 5.0 mL of 12.0 mol/L HCl is added to the 

buffer. 



 page 11 of 19 
 

(8) 8.   Hydrogen fluoride is a highly reactive gas.  It has many industrial uses, 

but the most familiar property of HF is its ability to react with glass.  As 

a result, HF is used to etch glass and frost the inner surfaces of light 

bulbs. Hydrogen fluoride gas must be stored in stainless steel containers 

and aqueous solutions must be stored in plastic bottles.  Hydrogen fluoride 

can be produced H2 (g), and F2 (g): 
 

H2 (g)  +   F2 (g)   ⇌   2 HF (g)   
    
   In a particular experiment, 3.00 bar of hydrogen gas and 2.00 bar of 

fluorine gas are added to a 1.50 L flask at 350 K.  Calculate the 

equilibrium partial pressures of all species. 

   

  

 

 

 

[5] 

 

  

 

 

 

 

 

  

 

 

 

 

(c) A coin dealer, offered a rare silver coin, suspected that it might be a 

counterfeit nickel copy.  The dealer heated the coin, of mass 15.5 g, to 

100.0 ˚C in boiling water and then dropped the hot coin into 21.5 g of 

water in a coffee cup calorimeter at 15.5 ˚C.  The temperature of the 

water rose to 21.5 ˚C.  Was the coin made of silver or nickel? 

 cAg =  0.240 J/g˚C   cNi =  0.440 J/g˚C 

 

 

 

[3] 
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(10) 9. Police officers confiscate a packet of white powder that they believe 

contains heroin.  Purification by a forensic chemist yields a 38.70 mg 

sample for combustion analysis.  This sample given 97.46 mg of carbon 

dioxide and 20.81 mg of water.  A second sample is analysed for its 

nitrogen content, which is found to be 3.8%.  Show by calculations 

whether these data are consistent with the formula for heroin, 

C21H22NO5. 
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(10) 10. Your parents have offered to pay your tuition for the fall semester of 

University if you can explain to them why you have selected the courses 

you chose and why they will be potentially helpful in getting you a job.  

You, of course, choose Chemistry to demonstrate how important it is to 

our lives today.  Using any one of the topics covered during the 

semester, write a letter of minimum length 1 page and using at least 3 

chemical concepts within your chosen topic (clearly explained and not 

just repeated from class) to demonstrate why a knowledge of 

chemistry is essential in our daily lives. 
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 page 15 of 19 
 



 page 16 of 19 
 



 page 17 of 19 
 

 Equations and Constants 

 Gas Laws 

PV  =  nRT 

PTotal  =  P1 + P2 + P3 + . . . 

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

KE  = (1/2)mvav
2 

M

RT
urms

3
  

a

b

M

M

RateB

RateA
  

  nRTnbV
V

an
P 

2

2

 

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 · Kb = Kw 

 
[A

  
A

]
 

H
apH pK log



   

2

21 aa pKpK
pH


  

C1V1 = C2V2 

1

2 2 1

1 1
   

K H
ln

K R T T


 

   
   
   

    

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) 

P
solution

  = X
solvent • P

o

solvent
 

T
BP

  = K
BP • m 

TFP   = KFP•m 

T  = K • m • i 

Π = cRT 

molality  = n(solute)/m (solvent (kg)) 

General INFORMATION 

n = m/MM 

d=m/V 

C=n/V 

1 atm  =  760 Torr  =   760 mm Hg  =  1.01325 

x 105 Pa = 1.01325 bar = 101.325 kPa 
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Thermodynamics 

U = q 

wsystem  =  -PV 

E = q +   w 

H  =  E + PV 

q
P
  =  E + PV 

E = nCvT 

H =  qp  = m Cp T 

Cp = Cv + R 

Hrxn°=npHf - 

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) 

 

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 

1

2 2 1

1 1
   aEk

ln
k R T T


   
   
   

    

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 dwater = 1.00 g/mL (25°C) cwater = 4.184 J g-1 C-1 (liquid)  

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 

Kw  = 1.00 x 10-14    General Information:   x
b b ac

a


  2 4

2
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