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(1) Answer: [2] 𝑻𝑻𝟐−𝟓𝟐
128  

 Tellurium has 52 protons. The 2- charge tells us that it has two more electrons than protons, so the total 
 number of electrons in 𝑻𝑻𝟐−𝟓𝟐

128 is 54. 

 

(2) Answer: [2] nitrogen-14 ( N14 )  

 Atomic mass – atomic number = number of neutrons 
 Nitrogen 14 has 14-7 = 7 neutrons. 

 Try this: Do you know what is meant by isotopes? Do you consider Ca+ and    
   Ca2+ to be isotopes? If not, why not? 

 

(3) Answer: [1] 𝑭𝟗20  

 Fluorine-20, 𝑭𝟗20 , has the same number of protons (9 protons) as 𝑭𝟗19 , but fluorine 20 has 11 neutrons, 
 whereas fluorine-19 only has 10 neutrons. Atoms with the same atomic number, but different atomic 
 mass are called isotopes. 

 

(4) Answer: [1] Argon  

 Put the data you are given in a table and calculate the third column: 

Atomic weight Abundance (amu) 
35.9675 amu 0.337% 0.1212 
37.9627 amu 0.063% 0.0239 
39.9624 amu 99.600% 39.8025 

 Average atomic mass: 39.95 
 

 The periodic table shows that the element with an average atomic mass of 39.95 amu is argon. 

 

(5) Answer: [4] Mg3N2  magnesium nitrite 

Magnesium nitrite should be Mg(NO2)2.  
Mg3N2 is magnesium nitride. 

It is important to know how to get this answer, and also that you know the formulae for your basic ions, 
especially hydroxide, nitrates, carbonates, sulphates. Also, you must know the difference between an 
ion, an  atom and a molecule. 
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Try this: What is the formula for the bromine ion? For the bromine atom? For the bromine 
molecule? You should instantly have known that the answers are Br-, Br and Br2 
respectively. If not, revise this section. 

 

Now try this: What is the formula of calcium carbonate? 
What about calcium hydrogen carbonate?  
What is the IUPAC name of Cu(OH)2?  
Make sure you can write basic formulae like these! 

 

(6) Answer: [3] Al2O3 

Aluminium is in group 3 (+3 oxidation number) and oxygen is in group 6 (-2 oxidation number), so 
Al2O3 is the lowest whole number ratio to make the molecule neutral. 

 

(7) Answer: [5] how close a measured number is to other measured numbers.  

 Make sure you understand the difference between accuracy and precision. 

 

(8) Answer: [4] 1.2 x 1024  

 (2.00 moles) x (6.02 x 1023) = 1.2 x 1024 

The number of atoms in each mole is Avogadro’s number, 6.02 x 1023. 

 

(9) Answer: [2] 40%  

From “Tutorial Letter 102, Study unit 5, equations you should learn”: 

 % mass = (number of atoms of that element) × (atomic weight)
(formula weight of compound)

 × 100%  

   = (1)×(16.00𝑔/𝑚𝑚𝑚)
40.31 𝑔/𝑚𝑚𝑚

× 100%   

   = 40 % 
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(10) Answer: [2] CH2  

 Percentage means ‘out of 100’. Therefore, percentage mass means ‘ in 100 g, we have...’. 
 So, in 100 g of our compound we have 86 g carbon and 14 g hydrogen.   

 

Steps for determining the empirical formula of a compound: 

 

 1. Convert grams of each constituent to moles: 

  86 g carbon / 12.01 g.mol-1 = 7.16 mol 

  14 g hydrogen / 1.008 g.mol-1 = 13.89 mol 

 2. Divide by the smallest number of moles: 

  C: 7.16 mol  / 7.16 mol = 1 

  H: 13.89 mol / 7.16 mol = 1.94 ≈ 2 

3. Determine the smallest whole number ratio of the components: 

  In this case, both numbers are whole numbers, so the empirical formula is     
  CH2. 

  

(11) Answer: [5] None of the above 

 From “Tutorial Letter 102, Study unit 6, equations you should learn”: 

   Molarity = moles of solute
Liters of solution

    

 

In this problem, we cannot merely plug in our values into the equation, since the values given are not in 
the correct units. Molarity has the units mol/L, so we simply have to convert everything to moles and 
liters: 

Density of acetic acid = 1.049 g/mL = 1049 g/L 

(1049 g/L) / (60.05 g/mol) = 17.47 mol/L 

Thus, the molarity of acetic acid is 17.47 mol/L 
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(12) Answer: [2] Fe2O3 

 From the stoichiometry of the reaction, each 1 mol Fe2O3 requires 3 moles of Mg to react. 

We have 0.252 mol Fe2O3, so:  0.252 x 3 = 0.756 mol Mg required 

 But we have 1.00 mol of Mg, which is more than the 0.756 moles that are required, so Mg is in excess. 

Therefore, Fe2O3 is the limiting reagent. 

 

It is very important to be able to do limiting reagent questions in chemistry, and you should make sure 
that you understand them 100% - It is no secret that in almost every exam, you will be asked to 
determine a limiting reagent or to calculate the theoretical yield or percentage yield of a reaction.  

 Below is an example from the May/June 2015 exam which I would like to go through with you. I would   
 like you to practice as many limiting reagent examples as it takes from the exercises at the end of 
 chapter in the textbook until you are confident that you know how to do them. If you struggle with any, 
 please ask your e-tutor to spend time with you to make sure you can do them: 

  

Example: 

 Suppose you prepare a sample of aspirin by heating 10 g of salicylic acid with an  excess  of acetic 
 anhydride. You obtain 6.2 g of pure aspirin. What is the percentage yield of the reaction?    
           

 

CO2H

OH

CO2H

O
COCH3

+

H3C O CH3

O O

CH3CO2
H

+

Salicylic Acid
M r = 138 g/mol

Acetic Anhydride
M r = 102 g/mol

Aspirin
M r = 180 g/mol

Acetic Acid
M r = 60 g/mol

 

 

  Step 1: Determine the limiting reagent. You must know how to determine a limiting reagent! In  
   this example, we know that acetic anhydride is in excess, so salicylic acid must be the  
   limiting reagent. But practice, practice, practice other examples until you can do this step  
   with ease. 

  Step 2: Determine the theoretical yield. The theoretical yield is the amount of product that can  
   theoretically be stoichiometrically formed from the limiting reagent. In this case: 

   1 mol salicylic acid gives 1 mol of aspirin 

   So 138 g of salicylic acid gives 180 g aspirin 
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    Therefore, 1 g of salicylic acid gives (180/138) g = 1.30 g aspirin. 

   So 10 g salicylic acid gives 13.0 g aspirin. 

   This is the theoretical yield. 

   

  Step 3:   Determine the percentage yield: 

      From “Tutorial Letter 102, Study unit 3, equations you should learn”: 

      Percentage yield = actual yield
theoretical yield

 × 100% 

    

      The actual yield is given as 6.2 g of aspirin. 

      Thus: Percentage yield = actual yield
theoretical yield

 × 100% 

        

                                = 
6.2 g
13.0 g

 × 100% 

 = 48% 

 

 

(13) Answer: [3]  30.5 g 

 This should be easy now. 

 

 

(14) Answer: [2] 0.667 M  

 From “Tutorial Letter 102, Study unit 6, equations you should learn”: 

   Molarity = moles of solute
Liters of solution

    

 So simply convert your quantities to moles and liters and plug these values into the equation.  
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(15) Answer:  [4] m 

  tells us the shape of an orbital (= 0 implies an s-orbital, = 1 a p-orbital, and = 2 a d-orbital). 

m describes the orbital’s orientation in space.  

For example, if If = 1, then m can be m = -1 or m = 0 or m = +1 (corresponding to the px, py and pz 
orbitals), and if = 2, then m can be m = -2 or m = -1 or m = 0 or m = +1 or m = +2 (corresponding 
to the five orientations of d-orbitals.) 

 Try this:  Can you draw the general shapes of s and p-orbitals? 

 

(16) Answer:  [4] 2d 

2d would mean that n=2 and = 2, which is not allowed, since if n=2, only = 0 and = 1 are valid values 
of . 

  

(17) Answer:  [3] silicon 

Silicon is in the 3rd period of the periodic table, and thus has valence electrons in the n=3 shell. 

 

(18) Answer:  [3] n = 3,  = 3,    m = -3,    ms = -½  
  

 From the rules for quantum numbers: 

 n must be a positive integer. Valid. 
 Here, n=3, so can be either  = 0,  = 1, or  = 2. Therefore  = 3 is not permissible. 
  

 Now try this:  Describe a valence electron of an oxygen atom ion using the four quantum numbers.  

   One possible answer:  n=2    = 1   m = -1   ms = +½ 

   Why?  

n = 2, since oxygen is in the second period of the periodic table. 
 = 1, since the valence electron is in a p-orbital 
m= -1 or m = 0 or m = +1 (any of these three would be valid, since the valence electron 
can be found in either px, py or pz) 
Lastly, ms = +½   or   ms = -½. Either of these two is valid. 
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(19) Answer:  [3] 1s22s22p63s23p63d2 

The configuration for Ti is 1s22s22p63s23p64s23d2.  
When Ti loses 2 electrons to form Ti2+, the first 2 electrons to be lost are the 4s2 electrons. 
Therefore Ti2+ has the electron configuration 1s22s22p63s23p63d2. 

 

 Now try this: What is the ground state electronic configuration of the bromine ion? 
   It should be obvious to you that the bromine ion has one more electron    
   than the bromine atom. 

 Also try this: Write the full electron configuration for the magnesium ion and     
   provide the name of the noble gas that is isoelectronic with this ion.  
   HINT: Don’t forget that the magnesium ion has a 2+ charge and is     
   therefore missing two electrons. I hope you can see why! 

And this: To which group would an atom belong if it has an ns2np6 electron configuration in its 
outer shell? 

 

(20) Answer:  [5] [Ar]3d3 

The configuration (in noble gas core notation) for Cr is [Ar]4s23d4.  
When Cr loses 3 electrons to form Cr3+, the first 2 electrons to be lost are the 4s2 electrons, and then 
another one from 3d4, leaving 3d3. 
Therefore Ti2+ has the electron configuration [Ar]3d3. 

 

(21)  Answer: [3] 8 

P is in group 5, so it has 5 valence electrons.  
P3- has 3 additional electrons, giving 8 valence electrons. 

 

(22)  Answer: [5] Ba 

 You must know your trends in the periodic table as you move up or down a group and left or right 
 across a period. 
 

 
(23)  Answer: [2] a high ionization energy and a high electron affinity 

More trends in the periodic table. 
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(24)  Answer: [2] -1  

 H is always +1 except when bonded to a metal, in which case it is -1. 

Ca is a metal, so the oxidation state of H is -1. 

(Note, you must be able to identify which region of the periodic table is metals, and which is non-
metals.) 

 

(25)  Answer: [4] +6  

 Let’s assign oxidation numbers according to the rules: 

O is always -2 except in peroxides. 
H is always +1 except when bonded to a metal. 
N is in group 5, so its oxidation number must be either +5 or -3. Since it is bonded to H, which is 
positive, N must be negative.ie. it must be -3. 
Mn is a d-block or transition metal. Transition metals can have any oxidation state from 1 to 7, so we 
must always calculate the oxidation number of transition metals. 

 We have already determined that: 

O = -2 
H = +1 
N = -3 
Mn is a transition metal and must be calculated. 

 

(NH4)2MnO4 is neutral, so all oxidation numbers must add up to 0. 

 Therefore, from O, H and N, we have, respectively: 

 [4 x (-2)] + [8 x (+1)] + [2 x (-3)] + Mn = 0 

 There, Mn must be +6 so that the molecule adds up to 0. i.e. (-8) + (+8) + (-6) + (+6) = 0. 

 

 Try this:  This is an important conceptual question which you must be able to answer: 
Would you use an acid, a base, an oxidizing agent, a reducing agent or a precipitating 
agent to convert: 

    PO4
3- to P4? (Answer: Reducing agent to reduce P from +5 to 0 oxidation state).   

    PO4
3- to H3PO4?  (Answer: Acid to donate protons to PO4

3-). 
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(26)  Answer: [4] +5  

 Let’s assign oxidation numbers according to the rules: 

O is always -2 except in peroxides. 
H is always +1 except when bonded to a metal. 
K is in group 1, so it must be +1. 
P is in group 5, so its oxidation number must be either +5 or -3. Since it is bonded to O, which is 
negative, P must be positive.ie. it must be +5. 
 

 Thus,  

O = -2 
H = +1 
K = +1 
P = +5 
 

Check – KH2PO4 is neutral, so all oxidation numbers must add up to 0. 

 Therefore, from O, H, K and P, we have, respectively: 

 [4 x (-2)] + [2 x (+1)] + [1 x (+1)] + [1 x (+5)] = 0 

(-8) + (+2) + (+1) + (+5) = 0 

 

(27)  Answer: [3] loses electrons and is oxidized 

A reducing agent causes something else to be reduced and is itself oxidized. 
Because it is oxidized, it loses electrons. 

 

(28) Answer: [5] Br- 

A oxidizing agent causes something else to be oxidized and is itself reduced. 
Because it is reduced, it gains electrons. 

Br- is already in the noble core state with 8 electrons and therefore cannot gain further electrons. 
Therefore, it cannot act as an oxidizing agent. 
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(29) Answer: [1] KMnO4  

 Write the oxidation number of each atom above the atom: 

+1 +7  -2       +1 +3 -2     +1 +6 -2      +4 -2     +1 +6 -2     +2  +6 -2     +1 -2     
 K Mn O4  +  H2 C2 O4  +  H2 S O4  → C O2  +  K2 S O4  +  Mn S O4  +  H2 O 

 We can see that Mn is reduced from +7 to +2 (and C is oxidized from +3 to +4). 

 Therefore, KMnO4 is the oxidizing agent (it is itself reduced). 

  

 

(30) Answer: [5] 6 

 Cr2O7
2-  →  Cr3+   

Let’s balance the half-reaction: 

  Step 1: Balance all metal ions:   

   Cr2O7
2-  →  2Cr3+  

  Step 2: Balance oxygen by adding water: 

   Cr2O7
2-  →  2Cr3+  + 7H2O 

  Step 3: Balance hydrogen by adding H+: 

   Cr2O7
2-  +  14H+  →  2Cr3+  + 7H2O 

We now have +12 charge on the left of the equation and +6 charge on the right.  Balance the charges 
by adding electrons to the more positive side. In this instance, we need six electrons to balance the 
charges: 

   Cr2O7
2-  +  14H+  + 6e- →  2Cr3+  + 7H2O 

In basic solution, we add 14OH- to both sides to cancel the 14H+ 

   Cr2O7
2-  +  14 OH-  +  14H+  + 6e- →  2Cr3+  + 7H2O  +  14OH- 

   Cr2O7
2-  +  14 H2O  + 6e- →  2Cr3+  + 7H2O  +  14OH- 

   Cr2O7
2-  +  7 H2O  + 6e- →  2Cr3+  +  14OH- 
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