
Page | 1 
CEM01A1 – Introduction to General Chemistry – Supplementary exam 2019 

 
 
 
 

FACULTY OF SCIENCE 
 

 
DEPARTMENT OF CHEMISTRY 

 
MODULE: CEM01A1 - INTRODUCTION TO GENERAL CHEMISTRY 
CAMPUS: APK 
EXAM: Supplementary exam 
DATE: July 2019 
ASSESSORS: DR T BREDENKAMP, DR L DEN DRIJVER, PROF A MULLER, DR 

P MOSHAPO 
MODERATOR: DR BCE MAKHUBELA 
DURATION: 3 HOURS 
MARKS: 100 

 
INSTRUCTIONS: 
1. This paper consists of 15 pages including a Periodic Table and a data sheet. 
2. WRITE YOUR NAME, SURNAME AND STUDENT NUMBER AND LECTURER’S 

NAME ON THIS SHEET 
3. Only simple, non-programmable scientific calculators are allowed for the test. 

The use of cell phones is strictly forbidden and they must all be switched off.  
4. You can use any colored ink to write the test, except RED. You are not allowed to write 

in pencil. 
5. This is a closed book assessment. You are NOT allowed to have any book, 

memorandum, notes, paper, photographs, document or written/printed material other 
than the question paper. 

6. Use the correct number of significant figures when doing calculations. 
 

NAME:  ________________________________________________ 

SURNAME: ________________________________________________ 

STUDENT NUMBER: __________________________________________ 

LECTURER: ________________________________________________ 

 
SECTION A: Answer all questions by circling the correct letter. [1 mark each]            [25] 
 
1. Which of the following is consistent with the postulates from Dalton’s atomic theory? 

 
 a. The atoms in a given sample of an element are not necessarily identical. 
 b. Matter consists of tiny particles called ions. 
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 c. In chemical reactions, atoms not only rearrange, but also disintegrate in 
smaller subatomic particles. 

 d. In a given chemical compound, the atoms can be present in various 
numerical ratios. 

 e. In a given chemical compound, the atoms are always present in the same 
fixed numerical ratio. 

 
2. Which is an example of a chemical change? 
 
   a. Steam from the boiling water condenses on the ceiling. 
   b. The solid metal is heated until it melts. 
   c. The gas is cooled until it finally becomes a liquid. 
   d. A piece of paper burns in air with a smoky flame. 
   e. The table salt in the warehouse container had very large chunks in it.      
 
3. Classify the following three elements as a metal, metalloid, or nonmetal: P, Si, Al.  
 
   a. P, metal; Si, metalloid;  Al, nonmetal 
   b. P, metal; Al, metalloid;  Si, nonmetal 
   c. Al, metal; P, metalloid; Si, nonmetal 
   d. Si, metal; Al, metalloid;  P, nonmetal 
       e.  Al, metal; Si, metalloid;  P, nonmetal 
 
4. Which compound is correctly represented as a hydrate? 
 
   a. CuSO4·5H2O 
   b. HC2H3O2 
   c. O2S(OH)2 
   d. H2S2O7 
   e. C6(H2O)6 
 
5. The formula mass of (NH4)3PO4 is  
 
   a. 116.03 u    
   b. 121.07 u    
   c. 149.09 u    
   d. 155.42 u    
   e. 242.01 u    
 
6. Which set below contains only weak acids? 
 
    a. HC2H3O2, HCN, HNO2 
    b. HC2H3O2, HCN, HNO3 
    c. HC2H3O2, HCl, HNO2 
    d. HClO, HCN, HBrO3 
    e. HNO2, HC2H3O2, HI 
 
 



Page | 3 
CEM01A1 – Introduction to General Chemistry – Supplementary exam 2019 

7. Which compound is soluble in water? 
 
    a. PbCO3  
    b. AgBr  
    c. CaCO3 
    d. MgCl2 
    e. BaSO4 
 
8. What is the oxidation number of boron in Na2B4O7? 
 
   a. -3 
   b. +1 
   c. +5  
   d. +3 
   e. +6 
 
9. The activity series of metals is 

Au < Ag < Cu < Sn < Cd < Zn < Al < Mg < Na < Cs 
Based on this list, which element below would undergo oxidation most readily? 

 
   a. Ag 
   b. Al 
   c. Cu 
   d. Cd 
   e. Zn 
 
10. Which statement is true concerning Bohr's model of the atom? 
 
   a. The model accounted for the absorption spectra of atoms but not for the 

emission spectra. 
   b. The model could account for the emission spectrum of hydrogen and for the 

Rydberg equation. 
   c. The model was based on the wave properties of the electron. 
   d. The model accounted for the emission spectra of atoms, but not for the 

absorption spectra. 
   e. The model was generally successful for all atoms to which it was applied. 
 
11. A possible set of quantum numbers for an electron in the partially filled subshell in a 

potassium atom in its ground state configuration would be  
 
    n      l     ml    ms 
   a. 3     1     0     -½ 
   b. 3     2     1      ½ 
   c. 4     0     0     -½ 
   d. 4     1     0      ½ 
   e. 4     2     1      ½  
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12. Which ion has a noble gas configuration? 
 
   a. Fe3+ 
   b. Ni2+ 
   c. Sc3+ 
   d. V3+ 
   e. Cr3+ 
 
13. Based on the "best" Lewis structure after applying formal charge considerations, how 

many non-bonding valence electrons are around the carbon atom in the CO molecule? 
 
   a. 0 
   b. 2 
   c. 4 
   d. 6 
   e. 8 
 
14. The molecular geometry of the SeF4 molecule is best described as                                
 
   a. trigonal pyramidal. 
   b. square planar. 
   c. regular tetrahedral. 
   d. triangular planar. 
   e. distorted tetrahedral. 
 
15. Predict the molecular geometry and polarity of the O—C—S molecule. 
 
   a. linear, nonpolar 
   b. bent, nonpolar 
   c. linear, polar 
   d. tetrahedral, nonpolar 
   e. bent, polar 
 
16. Which of the following gases will have the greatest density at the same specified 
temperature and pressure?  
 

a. He 
b. SF6 
c. CO2 
d. CH4 
e. CFH3  
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17. Which of the following is a condition that must be met for a gas to be considered as 
‘ideal’? 
 
 a. The gas must contain carbon. 
 b. The gas molecule must have no interactive forces between themselves. 
 c. The gas sample must not contain water vapor. 
 d. The gas sample must be enclosed in a large container. 
 e. The gas must have a small molar mass. 
 
18. The equilibrium law for the system, CaO(s)  + CO2(g) CaCO3(s), is  
 
   a. Kc = [CO2]     
   b. Kc = [CaCO3]/([CaO] [CO2])  
   c. Kc = 1/[CO2]   
   d. Kc = [CaCO3]/[CaO]   
   e. Kc = ([CaO] [CO2])/[CaCO3]  
 
19. The reaction, 2 SO3(g) 2 SO2(g)  +  O2(g) is endothermic.  Predict what will 

happen if the temperature is increased. 
 
   a. Kc remains the same  
   b. Kc decreases   
   c. the pressure decreases     
   d. more SO3(g) is produced    
   e. Kc increases   
 
20. The conjugate base of H2SO4 is 
 
   a. SO4

2- 

   b. H3O+ 
   c. OH- 
   d. HSO4

- 
   e. H2SO3 
 
21. Which species is the weakest acid? 
 
   a. HBr 
   b. HCl 
   c. HF 
   d. HI 
   e.  H2Se 
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22. If the OH- ion concentration in an aqueous solution at 25.0 °C has a value of 0.100 M, 
then what is the pOH of the solution?  
 
 a. -1.00 
 b. 0.100 
 c. 1.00 
 d. 6.90 
 e. 13.00 
 
23. Which species would be expected to be the most acidic? 
 
 a. HClO 
 b. HClO2 
 c. HClO3 
 d. HClO4 
 e. Cl- 
 
24. Which compound is a butene? 
 

 a. CH≡CH 
 b. CH2═CHCH3 
 c. CH3CH2CH2CH3 
 d. CH3CH2CH3 
 e. CH3CH2CH═CH2 

 
25. The functional group C═O is found in 
 
   a. alkenes 
   b. ketones 
   c. amines 
   d. alcohols 
   e. ethers 
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SECTION B:                   [75] 
 
Question 1 
 
Density measurements can be used to analyze mixtures. For example, the density of solid 
sand (without air spaces) is about 2.84 g/mL. The density of gold is 19.3 g/mL. If a 1.00 kg 
sample of sand containing some gold has a density of 3.10 g/mL (without air spaces), what 
is the percentage of gold in the sample?       (5) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question 2 
 
Which of the following formulas are incorrect? Write only the number associated with each 
incorrect formula as your answer. Also give the correct formula.    (4) 
 
2.1 CrO4Ca 
2.2 Fe2SO3 
2.3 NH4H2PO4 
2.4 Ni(PO4)2 

2.5 TiO3 
2.6 Hg2(OH)2 

 
Number Correct formula 
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Question 3  
 
Manganese(III) fluoride, MnF3, can be prepared by the following reaction: 

2MnI2(s) + 13F2(g) → 2MnF3(s) + 4IF5(l) 
If the percentage yield of MnF3 is always approximately 51.3%, how many grams of MnF3 
can be expected if 25.0 grams of each reactant is used in an experiment?   (5) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question 4  
 
4.1 Write a balanced net ionic equation for the following reaction:   (2) 
  (NH4)2CO3(aq)  BaCl2(aq) NH4Cl(aq)  +  BaCO3(s) 
 
 
 
 
 
 
4.2 Sodium carbonate (Na2CO3, (MM Na2CO3 = 105.99 g / mol)) is available in very pure 
form and can be used to standardize acid solutions. What is the molarity of a HCl solution if 
28.3 mL of the solution are required to react with 0.256 g of sodium carbonate? Write a 
balanced equation for the reaction as part of your answer.     (5) 
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Question 5 
 
Oxalic acid (H2C2O4) is present in many plants and vegetables. If 24.0 mL of 0.0100 M 
KMnO4 solution is needed to titrate 1.00 g of a sample of H2C2O4 to the equivalence point, 
what is the percent by mass of H2C2O4 in the sample? The net ionic equation is:  (4) 
 

2 MnO4
−  +  16 H+  + 5 C2O4

2−  →  2 Mn2+  +  10 CO2  +  8 H2O 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Question 6                   [15] 
 
6.1 The blue line of the strontium atom emission has a wavelength of 461 nm.  

6.1.1 What is the frequency of this light?      (2) 
 
 
 
6.1.2 What is the energy of a photon of this light?     (1) 
 
 
 

 
6.2 List the possible subshells for the n = 6 shell.      (2) 
 
 
 
6.3  Write the ground state electron configuration for Ni.     (2) 
 
  
6.4 Sodium metal requires a photon with a minimum energy of 4.41 x 10-19 J to emit 

electrons.  
 6.4.1 What is the minimum frequency of light necessary to emit photons via the 

photoelectric effect?         (1) 
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 6.4.2 What is the wavelength of this light?      (2) 
 
 
 
 6.4.3 If sodium is irradiated with light of 405 nm, what is the possible kinetic energy 

of the emitted electrons?        (2) 
 
 
 
 
 
 6.4.4 What is the maximum number of electrons that can be freed from a burst of 

(405 nm) light whose total energy is 1.00 µJ?      (3) 
 
 
 
 
 
 
 
Question 7 
 
Pyruvic acid, HC3H3O3, is involved in cell metabolism. The amount present can be 
determined using a yeast enzyme. The enzyme makes the following reaction go to 
completion: 
 

HC3H3O3(aq)  C2H4O(aq) + CO2(g) 
 
If a sample containing pyruvic acid gives 21.2 mL of carbon dioxide gas, CO2, at 349 mmHg 
and 30 °C, how many grams of pyruvic acid are there in the sample (MM HC3H3O3 = 88.06 
g.mol-1)?           (5) 
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Question 8 
 
Iodic acid, HIO3, is a colourless, crystalline compound. Experimental analysis of iodic acid 
shows that two out of the three I–O bonds are significantly shorter. Draw the Lewis structure 
that will best correlate with the experimental findings.     (4) 
 
 
 
 
 
 
 
 
Question 9 
 
Acetylsalicylic acid (aspirin) has the structure shown by the following molecular model: 
 
 
 
 
 
 
 
Describe the geometry and bonding about the carbon atom shown at the top of the model, 
indicated with an arrow.         (4) 
 
 
 
 
 
 
 
 
 
Question 10 
 
A 50.0-L reaction vessel contains 1.00 mol N2, 3.00 mol H2, and 0.500 mol NH3. Will more 
ammonia, NH3, be formed or will it dissociate when the mixture goes to equilibrium at 400 °C? 
            (5) 
The equation is: 

N2(g) + 3H2(g) 2NH3(g) Kc is 0.500 at 400 °C 
 
 
 
 
 
 
 

CH3

O OH
O

O
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Question 11  
 
Nitrogen monoxide, NO, reacts with bromine, Br2, to give nitrosyl bromide, NOBr. 

2NO(g) + Br2(g) 2NOBr(g) 
 
A sample of 0.0524 mol of NO reacted with 0.0262 mol of Br2 gives an equilibrium mixture 
containing 0.0311 mol of NOBr. What is the composition (in mol) of the equilibrium mixture?
            (4) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Question 12 
 
A solution contains 4.25 g of NH3 (MM = 17.03 g/mol) per 250.0 mL of solution. Electrical 
conductivity measurements at 25 °C show that 0.42% of the ammonia has reacted with water. 
The reaction of ammonia with water is given by 

NH3(aq)  +  H2O(l)    NH4
+(aq)  +  OH−(aq) 

Calculate the pH of the solution.        (6) 
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Question 13           [7] 
 
Name the following organic compounds 
13.1 

OHOH

   
 

Name: _________________________________     (2) 
 
 

13.2 

NH2

OH     
 

Name: ______________________________     (2) 
 
13.3 Complete the following equation and write the structural formula for the principal 

organic product. What is the name of the product?     (3) 
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Additional information 

 

 
 

 
 

1 in. = 2.54 cm 1Å = 10-10m   1 lb = 16 oz = 453.59 g 
 

R = 0.08206 L atm mol-1 K-1    NA  =  6.022  x 1023 mol-1 

h   =  6.626  x 10-34 J.s (Planck’s constant) RH  =  1.097 x 107 m-1 

c   =  2.998  x  108 m.s-1    ∆𝑬𝑬 =  −𝒉𝒉𝒉𝒉𝒉𝒉𝑯𝑯 �
𝟏𝟏
𝒏𝒏𝒇𝒇
𝟐𝟐 −

𝟏𝟏
𝒏𝒏𝒊𝒊
𝟐𝟐� 

Mass of proton = 1.67262 x 10−27 kg 

λ = h/mv 
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