Preparing for
Advanced Level Chemistry

WORKBOOK
Name: ______________________________

Relative Atomic Mass
For each element you are given the percentage abundance of each isotope.
Use this information to calculate the element’s relative atomic mass.

WORKED EXAMPLE
Iridium

Ir(191)

38.50%

Ir(193)

61.50%

SOLUTION
Relative Atomic Mass for Ir = 191 x 38.50/100 + 193 x 61.50/100
Ar (Ir) = 73.535 + 118.695 = 192.23
QUESTIONS
1. Boron

B(10)

2. Neon

Ne(20)

19.80%

B(11)

90.60%

80.20%

Ne(21) 0.26%

Ne(22) 9.20%

Br(79)

50.69%

Br(81) 49.31%

Cu(63)

69.17%

Cu(65) 30.83%

3.

Bromine

4.

Copper

5.

Zirconium Zr(90) 51.45% Zr(91) 11.27% Zr(92) 17.17% Zr(94) 17.33% Zr(96) 2.78%
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Relative Formula Mass
Use the Relative Atomic Mass values in the Periodic Table (back page) when answering this question

What is the relative formula mass of:
a) Sodium sulfate, Na2SO4

b) Calcium carbonate, CaCO3

c) Potassium chloride, KCl

d) Barium nitrate, Ba(NO3)2

e) Aluminium oxide, Al2O3

f) Ammonium sulfate, (NH4)2SO4

g) Decane, C10H22
Find out about the part of
a formula written as
.5H2O

h) Iron (II) nitrate, Fe(NO3)2

eg in CuSO4.5H2O
i) Hydrated copper (II) sulfate, CuSO4.5H2O

It is called the

water of crystallisation
j) Hydrated cobalt (II) chloride, CoCl2.6H2O
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Formulae
Work out the formulas of these compounds:

Use the Table of Ions on page 10 of The Toolkit and ‘How to work out the formula of an
ionic compound’ on page 11

1. Ammonium chloride

____________________

2. Iron (II) chloride

____________________

3. Iron (III) oxide

____________________

4. Copper (II) oxide

____________________

5. Potassium carbonate

____________________

6. Sodium oxide

____________________

7. Aluminium carbonate

____________________

8. Iron (II) phosphate

____________________

9. Zinc nitrate

____________________

10. Nitric acid (Hydrogen nitrate)

____________________

11. Hydrochloric acid

____________________

12. Sulfuric acid (Hydrogen sulfate)

____________________

13. Ammonium sulfate

____________________

14. Aluminium oxide

____________________

15. Magnesium hydroxide

____________________
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Names from Formulae

Write the name of each compound:

H2SO4
HNO3
HCl
NaCl
NaNO3
Na2CO3
NaOH
Na2SO4
CaCl2
Ca(NO3)2
Ca(OH)2
CaSO4
AlCl3
Al(NO3)3
Al2(SO4)3
FeCl2
FeCl3
FeSO4
Fe2(SO4)3
CuCl
CuCl2
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Bonding Diagrams – see page 16 of The Toolkit
1. Starting with atoms of sodium and chlorine
Do they bond together ionically or covalently? ________________________
What is the reason for your decision? ________________________________________
Now draw a bonding diagram for the formation of sodium chloride.

2. Starting with atoms of sulfur and chlorine
Do they bond together ionically or covalently? ________________________
What is the reason for your decision? ________________________________________
Now draw a bonding diagram for the formation of sulfur dichloride, SCl2.

3. Starting with atoms of magnesium and sulfur
Do they bond together ionically or covalently? ________________________
What is the reason for your decision? ________________________________________
Now draw a bonding diagram for the formation of magnesium sulfide.
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4. Starting with atoms of carbon and chlorine
Do they bond together ionically or covalently? ________________________
What is the reason for your decision? ________________________________________
Now draw a bonding diagram for the formation of carbon tetrachloride.

5. Starting with atoms of carbon and oxygen
Do they bond together ionically or covalently? ________________________
What is the reason for your decision? ________________________________________
Now draw a bonding diagram for the formation of carbon dioxide.

6. Starting with atoms of aluminium and oxygen
Do they bond together ionically or covalently? ________________________
What is the reason for your decision? ________________________________________
Now draw a bonding diagram for the formation of aluminium oxide, Al2O3.
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Empirical Formulae– see page 14 of The Toolkit

WORKED EXAMPLE
Work out the empirical formula of magnesium nitride in which 3.6g of magnesium
combines with 1.4g of nitrogen:

SOLUTION
Mg

N

Mass combining

3.6g 1.4g

Relative atomic mass

24

No moles (mass / Ar)

0.15 0.10

14

Divide both answer by smallest value to get Mole Ratio 1.5

1

Empirical Formula

2

3

ANSWER: the empirical formula is Mg3N2

Work out the empirical formula of the compound when:
1. 12.7g of copper combines with 1.6g of oxygen

2. 2.8g of silicon forms 6.0g of silicon oxide
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3. 10g of calcium combines with 3g of carbon and 12g of oxygen.

4. A compound is analysed as Fe 20.14%; S 11.51%; O 63.31%; H 5.04%

5. 22.3 g of an oxide of lead produced 20.7 g of metallic lead on reduction with hydrogen.
Calculate the empirical formula of the oxide concerned.

EXTENSION QUESTION
6. 16 g of a hydrocarbon burn in excess oxygen to produce 44 g of carbon dioxide.
What is the empirical formula of the hydrocarbon.
Hint; you will need to work out what mass of carbon is contained in 44 g of CO2. This is the mass of C in 16 g of the
hydrocarbon.
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Reactions of Acids and Bases – see page 23 of The Toolkit
Complete the following word and chemical equations.



1a)

magnesium + hydrochloric acid

1b)

Mg + 2HCl 

2a)

potassium hydroxide + nitric acid 

2b)

KOH + HNO3 

3a)

sulfuric acid + copper oxide 

3b)

H2SO4 + CuO 

4a)

hydrochloric acid + sodium carbonate 

4b)

2HCl + Na2CO3 

5a)

sulfuric acid + ammonium hydroxide 

5b)

H2SO4 + 2NH4OH 

6a)

phosphoric acid + zinc 

6b)

H3PO4 + Zn 
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Balancing Equations – see page 12 of The Toolkit
Balance the following equations:

1.

__ NaCl + __ BeF2  __ NaF + __ BeCl2

2.

__ FeCl3 + __ Be3(PO4)2  __ BeCl2 + __ FePO4

3.

__ AgNO3 + __ LiOH  __ AgOH + __ LiNO3

4.

__ CH4 + __ O2  __ CO2 + __ H2O

5.

__ Mg + __ Mn2O3  __ MgO + __ Mn

6.

__ Fe + __ H2SO4  __ Fe2(SO4)3 + __ H2

7.

__ C2H6 + __ O2  __ H2O + __ CO2

8.

__ KOH + __ H3PO4  __ K3PO4 + __ H2O

9.

__ SnO2 + __ H2  __ Sn + __ H2O
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Mole Calculations - see page 14 of The Toolkit

NB RAM is Mr or Ar

1. How many moles of molecules are there in:
a) 4.6g of nitrogen dioxide (NO2)
b) 36g of glucose (C6H12O6)
c) 16g of oxygen (O2)
d) 7.1g of chlorine (Cl2)
e) 6.9g of ethanol (C2H5OH)

2. What is the mass of:
a) 3 moles of water (H2O)
b) 0.1 moles of sulfur dioxide (SO2)
c) 0.25 moles of iron(III) oxide (Fe2O3)
d) 20 moles of ammonia (NH3)
e) 0.02 moles of sulfur trioxide (SO3)
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Calculations based on concentrations in solution
In solution
concentration = no moles/volume (dm3)
Rearrange this equation so it is expressed in terms of Number of moles

3. Calculate the number of moles of the bold species in the volume of solution stated.

Remember there are 1000cm3 in 1 dm3

a)

25 cm3 of 1.0 mol dm-3 HCl

b)

50 cm3 of 0.5 mol dm-3 KOH

c)

250 cm3 of 0.25 mol dm-3 H2SO4

d)

500 cm3 of 0.01 mol dm-3 HNO3

Calculations based on moles of gases
no moles = volume (dm3) / 24
4. How many moles are there in:
a) 10dm3 of argon gas?
b) 48cm3 of carbon dioxide gas?
1. What volume does:
a) 0.333 moles of oxygen occupy?
b) 2 x 10-4 moles of nitrogen occupy?
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Percentage Yield Calculations – see page 14 of The Toolkit

2. Using known masses of magnesium and hydrochloric acid, it was calculated that
2.5g of magnesium chloride (MgCl2) could be produced. 1.5g of magnesium chloride
is actually produced.
a) Write the balanced equation for this reaction

b) Calculate the percentage yield of MgCl2:

3. Calcium oxide reacts with water to form calcium hydroxide, Ca(OH)2. The reaction
yields 8g of an expected 27g. What is the percentage yield?
a) Write the balanced equation for this reaction

b) Calculate the percentage yield of Ca(OH)2:

4. When calcium carbonate is heated calcium oxide and carbon dioxide form. The
reaction yields 21g of an expected 28g. What is the percentage yield?
a) Write the balanced equation for this reaction

b) Calculate the percentage yield of CaO:

5. State three reasons why a reaction may not give a 100% yield:
a)
b)
c)
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The Reactivity Series and REDOX Reactions – see page 6 of The Toolkit
Below is a section of the reactivity series for metals.

Use this reactivity series to answer the following questions.
a) Predict if there will be a reaction when the following chemicals are added together.
If you predict a reaction, write a balanced equation for it.
i) zinc and copper sulphate solution
Prediction

Equation

ii) Calcium and potassium sulphate solution
Prediction

Equation

iii) Magnesium and zinc sulphate solution
Prediction

Equation

b) In a displacement reaction, two metals of different reactivity ‘compete’ for oxygen.
In such a reaction, oxidation and reduction occur simultaneously.
i)

What is meant by reduction?

ii) Write a word equation for the reaction between magnesium and copper (II) oxide.

iii) In the equation, circle the reducing agent.
iv) The reaction between magnesium and copper (II) oxide needs to be heated. The
heat supplies the activation energy. What is meant by the term ‘activation
energy’?

c) In a series of experiments it was found that carbon would react with zinc oxide, but
not with magnesium oxide.
i) Write down the name of another metal oxide, which would react with carbon.
ii) Write the name of another metal oxide, which would not react with carbon.
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Energy Changes in Chemistry - see pages 15 and 19-20 of The Toolkit
Q = m c T; Energy (Joules)
= mass of solution x specific heat capacity of solution x change in temperature
1.
a) What is meant by an exothermic reaction?
b) What is meant by an endothermic reaction?
c) How would you be able to tell that a reaction was exothermic?
2.
a) Draw an energy level diagram for the exothermic reaction between methane and
oxygen.

b) Show the activation energy needed for this reaction on your diagram.
c) Explain what is meant by the term ‘activation energy’.
d) Will H for the reaction have a positive or negative value?
3. When 10 cm3 of 0.1M hydrochloric acid reacts with 10 cm3 of 0.1M sodium hydroxide
solution, the temperature rises from 20°C to 35°C.
a) Calculate the energy in kilojoules from the reaction (assume the specific heat
capacity of the solution is 4.2 J/g/C).

b) How many moles of 0.1M hydrochloric acid are in 10 cm3 of 0.1 M solution?
c) Write a symbol equation for the reaction between hydrochloric acid and sodium
hydroxide.
d) How much energy would you get by reacting 1 mole of hydrochloric acid?
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Bond Energy Calculations – see page 20 of The Toolkit
H rxn = Bonds Broken - Bonds Made
One industrial process for making ethanol involves reacting ethene with steam.

The table shows the values of some average bond dissociation energies.
Bond

C—C

C=C

C—H

C—O

O—H

Dissociation energy
(kJ/mol)

348

612

412

360

463

Use these values to calculate:
The energy required, in kJ/mol to break the bonds in the reactants.

The energy given out, in kJ/mol. when the bonds in the product are formed.

The enthalpy change, in kJ per mole, for this reaction.
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Rates of Chemical Reactions – see pages 20-21 of The Toolkit
The decomposition of hydrogen peroxide is catalysed by manganese (IV) oxide.
2H2O2 (aq)  2H2O (l) + O2 (g)
To 50 cm3 of aqueous hydrogen peroxide, 0.50 g of manganese (IV) oxide was added. The
volume of oxygen formed was measured every 20 seconds. The average reaction rate was
calculated for each 20 second interval.
time/

0

20

40

60

80

100

volume of oxygen /cm3

0

48

70

82

88

88

average reaction rate in cm3/s

2.4

1.1

0.3

0.0

0.0

a) Explain how the average reaction rate, 0.3 cm3 / s, was calculated at time 60
seconds.

b) Complete the table.
c) Explain why the average reaction rate decreases with time.

d) The experiment was repeated but 1.0 g of manganese (IV) oxide was added.
What effect, if any, would this have on the reaction rate and on the final volume of
oxygen? Give a reason for each answer.
effect on rate
final volume of oxygen
e) Explain, in terms of particles, why the rate increases if the original concentration of
hydrogen peroxide is doubled.

f) Sketch a graph of volume against
time for the original reaction, and
show a second graph when 50cm3 of
hydrogen peroxide with double the
concentration is used.
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Chemical Equilibria – see page 22 of The Toolkit
Ammonia is manufactured by the Haber process, in which nitrogen and hydrogen react
together in a reversible reaction.
a) State the raw material from which each element is obtained.
Nitrogen: _________________________________
Hydrogen: _________________________________
b) Write a chemical equation for the reaction between nitrogen and hydrogen.

c) Typical conditions used in the Haber process are a temperature of 450 °C and a
pressure of 200 atm.
Complete the table to show what would happen to the rate of reaction and the yield of
ammonia if the conditions were changed as shown. Choose from these responses:
Decreased, Increased, No Change
Rate of reaction

Yield of products

Temperature changed to 600 °C
Pressure changed to 100 atm
Iron catalyst added

d) The equation for this reaction is:

N2 (g) + 3H2 (g) ⇌ 2NH3 (g); H =-92 kJ mol-1

Use this equation to explain what happens to the yield of ammonia when the pressure is
increased:

Use this equation to explain what happens to the yield of ammonia when the
temperature is increased:

e) Describe how the ammonia is separated from the unreacted nitrogen and hydrogen
gases.
f)

State what happens to the unreacted nitrogen and hydrogen gases.
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Organic Chemistry – see pages 24-25 of The Toolkit
Complete this table for the first 4 alkanes:
NAME
Methane

FORMULA

DISPLAYED FORMULA

CH4

Homologous Series
What is meant by the term Homologous Series?
Identify a chemical property of a homologous series
Identify a physical property of a homologous series

Cracking Alkanes
State the conditions necessary for alkanes to be ‘cracked’:
a) ____________________________

b) ____________________________

Complete this equation for cracking an alkane:

Testing for Alkenes
1. What chemical is used to test for an alkene?
2. State the colour change you would observe with ethane
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Scientific Terminology
This article contains some instructions for naming aliphatic hydrocarbons. Read it, studying
the example carefully, and then answer the questions that follow.
Branched chains
When hydrocarbons contain single bonds, they
are called alk/ane/s and are given the suffix -ane.
Alkanes can have branches of molecules attached
to the main skeleton. When a branch is attached,
the carbon atoms in the chain are numbered
consecutively from that end of the chain nearest
the branch. For example, a carbon branch for
butane can appear in these ways:

Table 1
Stem name
meth
eth
prop
but
pent
hex
hept
oct
non
dec
undec
dodec

No. of carbons
1
2
3
4
5
6
7
8
9
10
11
12

For example, the branch of this butane:

The carbon atoms are numbered consecutively
from that end of the chain nearest a branch or
functional group. The following branched butane
carbon skeletons would be numbered as shown:

Each branch is located by the number of the atom
to which it is attached on the main chain. Let's
assume that a branch or functional group was
called X on the following butane carbon skeleton:

The branch would be called 2-X.
Hydrocarbon branch groups are called alk/yl
groups, and are named by the stem name (see
Table 1) plus the suffix -yl.
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would be called 2-meth/yl (one methyl group on
position 2 of the carbon main chain).
The entire molecule above would be named 2meth/yl/but/ane (for a methyl group on the 2
position of the butane chain). The name of the
branch group always precedes the name of the
main chain.
Where there is more than one branch group
attached to the main chain, the group name is
preceded by a prefix or combining form (see
Table 2).
The location of each alkyl branch on the main
chain is indicated by a number. The numbers
designating the positions of the alkyl groups are
placed immediately before the names of the
groups, and hyphens are placed before and after
the numbers. If two or more numbers occur
together, commas are placed between them.

Table 2
Combining
form
di
tri
tetr/a
pent/a
hex/a
hept/a
oct/a
non/a
dec/a

The root name for an alkene is derived from the
longest continuous chain of carbon atoms
containing the double bond. For example, this
structure (only the carbon skeleton is shown):

Meaning
2
3
4
5
6
7
8
9
10

is called pent/ene.
When an alkene contains two double bonds in its
structure it takes the suffix -diene; if there are
three, -triene, and so forth (see Table 2).
Numbering of the root chain is such that the
carbons of the double bond have the lowest
possible number. This chain:

This molecule:

is called 2,3-di/meth/yl/but/ane. The two methyl
groups are on positions 2 and 3 of the main chain
butane. The di- indicates that there are two
methyl groups.
If several types of alkyl groups are present, they
are placed in alphabetical order, and prefixed on
the name of the basic alkane. The whole is written
as a single word. For example, a molecule might
be called 3-ethyl-2-methyl/pentane but never 2methyl-3-ethyl/pentane, because the letter e
comes before the letter m in the alphabet.
Ring chains
Many alkanes are arranged in a ring. For example,
there is a pentane arranged this way:

is numbered this way:

The position of the double bond is indicated in the
name by placing the number of the lowernumbered carbon atom after the stem name.
Thus:

is called but-1-ene.
Remember that side chains or functional groups
always come first in a name. This compound:

is called 5-methylhex-1-ene.
This structure is called cycl/o/ pentane.
Chains containing double/ triple bonds
When hydrocarbons contain double bonds, they
are called alk/ene/s and are given the suffix -ene.
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When triple bonds appear in a hydrocarbon, the
molecule is called an alk/yne. The suffix for these
molecules is -yne.

Questions
1. Number the carbon atoms on each
of the following compounds

b) 3-ethyl-2-methylhexane

c) 1,2,3-trimethylcyclopentane

d) Pent-1-ene

e) 3-methylbut-1-ene

f) 6-ethyl-2-methyloct-4-yne

2. Give the name of each of the
following compounds:

4. Each of the following compounds is
incorrectly named. Explain why the
name is wrong and give the
correct name:

3. Draw structures for each of the
following compounds:
a) 3-methylhexane
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Interpretation Skills
Sometimes you will be asked to interpret information and use it to make deductions.
The following question is an example of this:

The four common cations of vanadium can be identified from their colour in solution.
Vanadium ion Colour
V2+

Lilac

V3+

Green

VO2+

Blue

VO2+

Yellow

The next table shows the effect of different tests on anions in solution
Anion

Result of tests when
Silver nitrate
(acidified) is added

Chlorine water is
added

The solution is heated
with aluminium and
sodium hydroxide

Chloride, Cl-

White precipitate

No reaction

No reaction

Bromide, Br-

Cream precipitate

Orange solution
forms

No reaction

Iodide, I-

Yellow precipitate

Brown solution
forms

No reaction

Nitrate, NO3-

No reaction

No reaction

Ammonia gas released

Compounds X and Y are known to contain only cations and anions listed in the tables. They
were analysed using some of the tests in the tables.
a) Compound X is lilac in solution and produces a cream precipitate when silver nitrate
is added.
Give the formula for: the cation present _________ the anion present _________
What is the formula of compound X: __________________________________
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b) The second compound, Y, is tested.
Y is blue in solution and found to produce a yellow precipitate with silver nitrate.
When Y is tested with chlorine water a brown solution forms.
Give the formula of the cation present in compound Y: _______________
What is the name of the cream precipitate that forms with silver nitrate?
______________________________________
What type of reaction occurs when chorine water is added to a solution of
compound Y?
__________________________________________
Suggest the formula of compound Y: __________________________
c) Compound Z is found to have a more complicated formula.
A solution of compound Z is green but does not contain V3+ ions.
Compound Z is found to contain a 50:50 mixture of two vanadium cations.
Suggest what these two cations are:

______ & ______

Explain why the solution appears green:
____________________________________________________________________

d) Compound Z does not react with silver nitrate, nor does it react with chlorine water.
It does produce ammonia gas when heated with aluminium powder and sodium
hydroxide solution.
State the anion present in compound Z: __________________

EXTENSION
e) Using your answer to parts c) and d) suggest a formula for compound Z:
__________________________________________________
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