
                                      THE CANADIAN CHEMISTRY CONTEST 2019  
PART A – MULTIPLE CHOICE QUESTIONS (60 minutes) 

All contestants should attempt this part of the contest before proceeding to Part B and/or Part C.  
 The only reference material allowed is the CIC/CCO Periodic Table provided. You must complete answers on the Scantron Sheet provided. A 

scientific calculator is allowed. No phones or any devices that can be used for communication are allowed. 
 
1)   A solution is 0.0240 mol L-1 KI and 0.0146 mol L-1 MgI2. What volume of 

water should be added to 100.0 mL of this solution to produce a 
solution with [I-] concentration of 0.0500 mol L-1? 
 
A) 106.4 mL B) 53.2 mL C) 26.6 mL D) 13.3 mL E) 6.4 mL 
. 

2) The boiling points of the compounds acetic acid (CH3COOH), 1-pentanol 

(C5H11OH), dibutyl ether (C8H18O) and dodecane (C12H26) increase in 

that order. Which of the following statements provides the best 

explanation for this increase? 

 

A) The London dispersion forces increase 

B) The hydrogen bonding increases 

C) The dipole-dipole forces increase 

D) The chemical reactivity increases 

E) The number of carbon atoms increases 

 

3) Health Canada recommends that women between the ages of 12 and 45 
consume 400 micrograms of folic acid (C19H19N7O6) per day, which 
reduces the risk of neural tube defects during pregnancy. How many 
moles of folic acid are equivalent to 400 micrograms? 
 

A) 1.10 mmol  B) 0.177 mol   C) 0.906 mol 
D) 0.906 mmol  E) 9.06 x 10-7 mol 
 

4) An unknown amino acid contains 9.5 % nitrogen by mass as determined 
by elemental analysis. Which of the following could be the unknown 
amino acid? 
 
A) arginine C6H14N4O2  B) cysteine C3H7NO2S  
C) histidine C6H9N3O2  D) glutamic acid C5H9NO4 
E) glycine C2H5NO2 

 
5) The melting point of CaS is higher than that of KCl. Explanations for this 

observation include which of the following? 

I. Ca2+ is more positively charged than K+. 

II. S2– is more negatively charged than Cl–. 
III. The K+ ion is smaller than the Ca2+ ion. 

 

A) II only  B) I and II only C) I and III only 
D) II and III only E) I, II, and III 

 
6) Fluorine is the most electronegative element on the periodic table. As a 

result it always forms polar bonds with other non-metals. Despite this, 
which of the following fluorine containing compounds would be a non-
polar molecule? 
 
A) SF4  B) PF3  C) IF5  D) BrF3 E) XeF4 

 

7) Ronald James Gillespie, who developed Valence Shell Electron Pair 

Repulsion (VSEPR) theory, isolated the superacid fluorosulfuric acid 

(HSO3F) when he combined fluorinated compounds with concentrated 

sulfuric acid, creating brightly coloured solutions. Which of the 

following best describes the molecular shape of fluorosulfuric acid, as 

predicted by VSEPR theory? 

 

A)  See saw  B) Trigonal bipyramidal C) Tetrahedral 

D)  Square planar E) Trigonal pyramidal 

 
8) Vinegar used as a cooking ingredient, or in pickling, is a solution of 5% 

acetic acid (CH3COOH) by mass in solution with water. The pKa= 4.76 
for acetic acid at 25C.  Evaluate the pH of vinegar at 25 C.  
 
A) 4.80     B) 4.15 C) 2.92 D) 2.42 E) 2.24 
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9) The ionization energies for period 3 element X are listed in the table 

below.  

Ionization Energies for element X (kJ mol-1) 

First Second Third Fourth Fifth 

580 1,815 2,740 11,600 14,800 

 
Based on the data, which statement about element X is FALSE? 
 
A) Its most common oxidation state is +3 

B) It is displaced from aqueous solution by copper metal 

C) It is the most abundant metal in the Earth’s crust 

D) Its oxide is insoluble in water 

E) It is a lustrous metal 

 
10) Stavzor (structure below) is a medication primarily used to treat epilepsy and 

bipolar disorder. 

 

OHO

Stavzor

 
 

A well-known substance with a characteristic odour of bananas (A) is a 

constitutional isomer of Stavzor. Which of the following is a possible 

structure for A? 
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11) Given the following electrochemical cell data: 
Cell 1   Cd(s) | Cd2+ (1.0M)  || Cu2+ (1.0M) | Cu(s)     Eo = +0.74 V 
Cell 2   Zn(s) | Zn2+ (1.0 M) || Cu2+ (1.0 M) | Cu(s)    Eo = +1.10 V 
Cell 3   Zn(s) | Zn2+ (1.0 M) || Cd2+ (1.0 M) | Cd(s) 
 
Determine the standard cell potential for Cell 3. 
 
A) – 0.36 V    B) 0.36 V     C) –1.84 V    
D) –0.18 V     E) 0.18 V 
 

12) Lead (II) sulfate can decompose into lead (II) sulfite and oxygen gas 
when heated. If the reaction generates 2.25 g of oxygen gas, what mass 
of lead (II) sulfate reacted? Assume 100% yield in this reaction. 
 
A) 42.6 g  B) 21.3 g C) 20.2 g D) 10.7 g E) 4.50 g 

 
13) A student combines 75 mL of 0.500 mol L-1 hydrochloric acid with  

55 mL of 0.125 M KOH. What is the pH of the resulting solution? 
 
A) 0.30  B) 0.39 C) 0.63 D) 1.51 E) 7.00 
 

14)  A system undergoes a reversible cyclic process and proceeds through 
a series of thermodynamic processes, exchanging heat and work with 

its surroundings and ultimately returning to its original state. Which 

one of the following statements is true? Assume that the surroundings 
are much, much larger than the system. 
 
A) Ssurroundings > 0        B) q > 0       C) q < 0      D) q = w = 0   E) S > 0 
 

15) The thermite reaction is the reaction of aluminum metal and iron (III) 
oxide:  

2 Al (s) + Fe2O3 (s)  Al2O3 (s) + 2 Fe (s)  H  = –852 kJ 
 

A teacher does a demonstration with 1.00 mol of iron (III) oxide and 
2.00 mol of aluminum metal both initially at 25.0 C. If the combined 
specific heat of the products is 0.800 J g-1 C-1 over a wide range of 
temperatures, what is the final temperature of the products?  
 
A) 3550C     B) 4960 C     C) 5010 C     D) 6470  C       E) 6500C 
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16) The compound acetanilide is important in the industrial synthesis of 
several dyes. Acetanilide (mol. wt. = 135.16) can be made in the 
laboratory by a reaction between aniline and excess acetic anhydride 
which has a yield of 61.5%: 
 

aniline acetic anhydride

NH2

OO

O

acetanilide

O

N

H

+

 
 

 Aniline and acetic anhydride are both liquids which have densities of 
1.219 g mL-1 and 1.082 g mL-1 respectively. 

  
 What volume of aniline was used in this reaction if the recorded mass of 

acetanilide product was 7.14 g? 
 
A) 4.03 mL  B) 9.75 mL  C) 4.92 mL   

D)  5.99 mL  E) 6.56 mL  
 

17) One of the Twelve Principles of Green Chemistry is that “synthetic 
methods should be designed to maximize the incorporation of all 
materials used in the process into the final product”. One way to 
consider this is to calculate the atom economy (AE) of a chemical 
reaction where AE is defined as follows: 
 

𝑎𝑡𝑜𝑚 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 =
𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑑𝑒𝑠𝑖𝑟𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡

𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠
× 100% 

 
 
The atom economy of the reaction in the previous question (#16) is:  
 
A)  61.5% B) 69.2% C)  100% D) 68.9% E) 74.4% 

 
 
 
 
 
 

18) Given the following set of equilibria and their respective constants 
 

NH4
+ ⇌ H+ + NH3  Ka = 5.6 x 10–10 

H2CO3 ⇌ H+ + HCO3
–  Ka1 = 4.2 x 10–7 

HCO3
–⇌ H+ + CO32–  Ka2 = 2.4 x 10–8 

 
what would the equilibrium constant be for the reaction below? 
 

H2CO3 + 2 NH3 ⇌ (NH4)2CO3  K = ? 
 

A) 1.8 x 10–5  B) 4.4 x 10–7  C) 9.0 x 10–6 

D) 3.2 x 104  E) 3.1 x 10–5 

 

 

19) The subshell filling order used for the quantum mechanical model of 

the atom is an approximation of the relative subshell energies, which 

assumes the energies remain fixed. However, there are exceptions to 

the Aufbau Principle. Which of the following is the correct ground state 

configuration of an element found on the periodic table? 

 

A) [Ar] 4s1 3d5  B) [Ar] 4s2 3d4 C) [Ar] 4s2 4d4 

D) [Ar] 4s2 4p4  E) [Ar] 4s1 4p5     

 

 

20) A vessel contains 2.50 mol of O2 gas, 0.50 mol of N2 gas and 1.00 mol of 

CO2 gas. The total pressure is 200 kPa. The partial pressure exerted by 

the O2 in the mixture is: 

  

A) 25 kPa B) 50 kPa C)  100 kPa D) 125 kPa E) 150 kPa  
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21) The O2 (g) produced in the decomposition of 3.275 g  mixture of 
potassium chlorate and potassium chloride which is 65.82% KClO3 by 
mass is collected over water at 21.0 C.  Assume ideal gas conditions. If 
atmospheric pressure is 753.5 mmHg, water vapour pressure at 21.0C 
is 18.7 mmHg, once the pressure in the gas collection vessel was 
equalized with atmospheric pressure, how many milliliters of O2 gas 
would be produced according to the reaction:  
 
2 KClO3 (s)  2 KCl (s) + 3 O2 (g)   

 

  
 

A) 130 mL B) 439 mL C)  563 mL 
D) 658 mL   E) 1320 mL 

 
22) The equilibrium  CO (g) + NO2 (g) ⇌ CO2(g) + NO (g)  is established in 

four different, but identical containers. Each container started with a 
different composition as follows: 
 

Container CO (mol) NO2 (mol) CO2 (mol) NO (mol) 
1 1 1 0 0 
2 1 0 1 1 
3 1 1 1 0 
4 0 1 1 1 
5 1 1 1 1 

 
After equilibrium is established, which container would have the largest 
concentration of CO (g) 
 

A) 1  B) 2  C) 3  D) 4   E)  5 

23) For the reaction H2 (g) + I2 (g) ⇌ 2 HI (g)   H = +52.96 kJ. 
Which of the following statement(s) is/are correct?  
 

I. The heat of formation of 1 mol of HI is +26.48 kJ 
II. As the temperature increases, the reaction will proceed to the 

right 
III. As the pressure increases, the reaction will proceed to the 

right 
 

A) I only   B) I and II only C) I, II and III 
B) II and III only E) III only 

 
24) Calculate G at 25 C for the reaction given the data below 

 
4 HCl (g) + O2 (g)  2 Cl2 (g) + 2 H2O (g)  H = –114.4 kJ 
 

 𝑆𝐶𝑙2

𝑜 = 223.0 J mol-1 K-1   𝑆𝐻2𝑂
𝑜 = 188.7 J mol-1 K-1, 

 𝑆𝑂2

𝑜 = 205.0 J mol-1 K-1   𝑆𝐻𝐶𝑙
𝑜 = 186.8 J mol-1 K-1 

 
A) + 14.4 kJ  B) –111.18 kJ       C) + 3105.6 kJ  
D) + 38 kJ  E)– 76.0 kJ 

 
25) For the reaction 2 NO (g) + Cl2 (g)  2 NOCl (g) the table below 

provides experimental data for 3 different reactions.  
 

Experiment  [NO] (mol L-1) [Cl2] (mol L-1) Initial Rate  
(mol L-1s-1) 

1 0.0125 0.0128 1.14 x 10-5 

2 0.0125 0.0511 4.55 x 10-5 
3 0.0250 0.0255 9.08 x 10-5 

 
What is the rate constant for the reaction? 
 

A) 140 L mol-1 s-1 B) 0.0714 L mol-1 s-1  C) 5.70 L2 mol-2 s-1 
D)  0.562 L mol-1 s-1 E) 1.39 L2 mol-2 s-1 

 
 

End of Part A of the contest 
Go back and check your work 

KClO3 

O2 


