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What are ions: How are the produced 

 

Ions arise when atoms or species lose or gain electrons and hence there is 

an imbalance between the number of electrons and protons.  

 

Take for example a sodium atom. Symbol Na 

 

• It’s got 11 protons and 11 electrons. 

• If it loses an electron then there will be 11 protons but only 10 

electrons and hence there is an excess of one proton.  

• This gives the species an overall positive charge of one and the 

atom has become an ion. 

• We write it like this Na+ 

• This process is called Ionisation 

 

Complete the following table. 

 

Atom/ion Protons Neutrons Electrons Electronic 

configuration 

Li  

 

   

Li+  

 

   

Mg  

 

   

Mg2+  

 

   

Al  

 

   

Al3+  

 

   

 

What do you notice about the electronic configuration of atoms compared 

with ions? 

 

………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………….. 

 

 



 

 

Atoms can also gain electrons. This process also produces ions but these 

ions are negatively charged because there are more electrons than 

protons. 

 

Take for example a chlorine atom. Symbol Cl 

 

• It’s got 17 protons and 17 electrons. 

• If it gains an electron then there will be 17 protons and 18 

electrons and hence there is an excess of one electron  

• This gives the species an overall negative charge of one and the 

atom has become an ion. 

• We write it like this Cl- 

• This process is often referred to as electron affinity but you don’t 

need to worry about this till next year. 

 

Complete the following table. 

 

Atom/ion Protons Neutrons Electrons Electronic 

configuration 

F  

 

   

F-  

 

   

O  

 

   

O2-  

 

   

N  

 

   

N3-  

 

   

 

Again what do you notice about the electronic configuration of ions 

compared with atoms? 

………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………… 



 

 

Isotopes 

Isotopes are atoms of the same element with the same atomic 

number (same number of protons) but different mass numbers 

(different number of neutrons) 

 

Silicon (atomic number 14) has three isotopes with mass numbers 28, 

29 and 30. Complete the following table. 

 

Isotope Protons Electrons Neutrons 
28Si    
29Si    
30Si    
 

Carbon(atomic number 6) has three isotopes with mass numbers 12, 

13 and 14. Complete the following table. 

 

Isotope Protons Electrons Neutrons 
12C    
13C    
14C    
 

Hydrogen (atomic number 1) has three isotopes with mass numbers 1, 

2 and 3. Complete the following table. 

 

Isotope Protons Neutrons Common name 
1H    
2H    
3H    
 

 

 

 

 

 

 



 
 

Challenge Question/Isotopes of hydrogen 

 

Hydrogen is name after the Greek word hydrogenos which means water maker. 

Hydrogen has three isotopes. 

Information about these isotopes can be found in the table below. 

 

Name Mass number Number of 

neutrons 

Percentage 

abundance 

Symbol 

Protium 1 0 99.985 1
1H 

Deuterium 2 1 0.015 2
1H or D 

Tritium 3 2 < 10-12 3
1H or T 

 

You might wonder how such a minute proportion of tritium is detectable. Tritium 

is radioactive, so individual atoms can be detected as they decay. 

Hydrogen is the only element for which different isotopes are sometimes 

denoted by a different symbol, but they are still hydrogens. Like all forms of 

hydrogen, deuterium burns with a pop!  

Water is a mixture of all their oxides, although in very different proportions.  

 

Can you arrange these in order of increasing abundance? 

 

 

 

 

 

Answer:  

 

 

 

 

 

 



 
 

Questions on Isotopes 
 

Q1. Define the term isotope. 
 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
................................................................................................................................................... 
 
Q2. The mass number of two stable isotopes of nitrogen is 14 and 15. 
 
 Deduce the number of each of the fundamental particles in an atom of 14N and 15N 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
 
 

Q3.Atoms of a certain isotope have 73 neutrons and a mass number of 123. 

(a) What is the atomic number? 

 

 

(b) How many electrons are there? 

 

 

(c) What is the name of the element? 

 

 

 

(d) What is the nuclear charge? 

 
 
 



 
 

Q4. Which of the following are isotopes of each other? Give your answer in terms of a-g 

(a) An atom with 17 protons and 18 neutrons? 

(b) An atom with atomic number 16 and atomic mass 32? 

(c) An atom with atomic number 16 and 18 neutrons? 

(d) An atom with 16 protons and 18 neutrons? 

(e) An atom with 17 protons and 20 neutrons? 

(f) An atom with atomic number 16 and atomic mass 33? 

(g) An atom with 15 protons and 16 neutrons? 

Space for working 

 

 

 

 

Answer………………………………………………………………………………………………… 

 

Q5. Fill in the blanks for these neutral atoms. 

Element 
Name 

Atomic 
Number 

Number of 
Protons  

Number of 
Electrons  

Mass 
Number 

Number 
of 

Neutrons  

Carbon 
   

12 
 

 
10 

   
10 

  
1 

 
1 

 

   
3 

 
4 

    
4 

 

Calcium 
    

20 

 
11 

  
23  

 



 

 

 

Name.............................................................................................. 

Atomic number and mass number 

1. Define: 

a) Mass number 

…………………………………………………………………………………………………………………………............... 

b) Atomic number 

………………………………………………………………………………………………………………………................. 

2.  Complete the following table by deducing the number of protons, neutrons and 

electrons in the following species. 

 

Species Protons Neutrons electrons 

H11   

 

  

O17
8   

 

  

+24
2He   

 

  

Xe132
54   

 

  

+327
13Al   

 

  

U235
92   

 

  

+H11   

 

  

+345
21Sc   

 

  

-37
17 Cl   

 

  

C14
6   

 

  

 



 

 

 

3. Use the Periodic Table to write symbols for the following species: 

a) 19 protons, 20 neutrons, 18 electrons  

……………………………………………………………………………………………............................................ 

b) 8 protons, 8 neutrons, 10 electrons   

……………………………………………………………………………………………….......................................... 

c) 1 proton, 2 neutrons, 1 electron   

…….………………………………………………………………………………………………................................... 

d) 82 protons, 126 neutrons, 80 electrons   

……………………………………………………………………………………….................................................. 

e) 53 protons, 74 neutrons, 54 electrons   

………………..………………………………………………………………………................................................ 

4. Give the symbol, including mass number and atomic number for the atom which 

has 

a) 3 fewer neutrons and 2 fewer protons than N14
7   

…………………………………………………………………………............................................................... 

b) 1 more neutron and 2 more protons than Be9
4    

……………………………………………………………………………….......................................................... 

c) 8 fewer neutrons and 3 fewer protons than Sn119
50    

……………………………………………………………………..................................................................... 

d) 8 more neutrons and 4 more protons than Ca40
20    

…………………………………………………………………………............................................................... 

5. An atom has twice as many protons as and four more neutrons than an atom of  

Be9 , deduce the symbol, including the mass number, of this atom.  

………………………………………………………………………......................................................................... 

  

 



Task 1: The structure of atoms 

1 Complete the spaces to create a set of notes about the structure of atoms. 

Atoms consist of a central _______________ containing protons and _______________. 

The nucleus is _______________ compared to the size of the whole atom. The nucleus is 

surrounded by _______________ in energy levels (also called _______________). Atoms 

have no electric charge because they contain the same number of protons and ________ 

 

 

Sub-atomic 
particle  

Relative mass  Relative 
charge  

Proton    

Neutron    

Electron    

 

 

Atomic number = number of _______________ 

Mass number = number of _______________ + number of _______________ 

 

mass number 19 

 Symbol e.g. F 

atomic number 9 

 

protons =  __________  

neutrons =  _________  

electrons =  _________  

 

Atoms of the same element have the same number of _______________. It is the number 

of _______________ that determines what type of atom it is (e.g. all atoms with six 

protons are carbon atoms). Atoms of different elements have different numbers of 

_______________. Isotopes are atoms of the same element. They contain the same 

number of _______________ but a different number of _______________.   

 

2 Complete the table about some atoms. 

Atom  Atomic 
number  

Mass 
number  

Number of 
protons  

Number of 
neutrons  

Number of 
electrons  

       

 Li 3 7    

 Ar  40 18   

 K   19 20  

 Al    14 13 

11
23Na
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 Cl 17   18  

       

       

 

Task 2: Atoms and ions 

You will need to look at the Periodic Table to help you answer the following questions.  

1 a Complete the table to show the electronic structure of the following ions.  

Ion  F– Na+ Al3+ K+ S2– H+ O2– Ca2+ Li+ Mg2+ Cl– Be2+ 

Electronic 
structure  

            

  

b  Complete the table below to show the electronic structure of some Group 0 elements (noble 
gases). Place the ions from part a into the correct row of the table.  

Element  Electronic structure  Ions with the same electronic structure  

He    

Ne    

Ar    

  

c  i Complete the table with the ions from part a. Ions for Group 1 have been done for you. 
Do not include the H+ ion.  

Group  1  2  3  4  5  6  7  0  

Ions  Li+ Na+ 
K+  

       

Charge  +1         

 

ii Predict the charge that the following ions would have using the Periodic Table and your 
table. 

strontium ions ___________ iodide ions ___________ rubidium ions ___________ 

 

2 Calcium atoms react with chlorine atoms to 

form the ionic compound calcium chloride. 

Calcium atoms each lose two electrons to 

form calcium ions. Chlorine atoms each gain 

one electron to form chloride ions. This 

means that calcium atoms react with chlorine 

atoms in the ratio of one calcium atom for 

every two chlorine atoms. Complete the 

diagram to show the electronic structure of 

the calcium and chlorine atoms and the 

calcium and chloride ions. 

 

 

92
235U

92
238U
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3 Complete the following table about some atoms and ions. The first row has been done for 

you.  

Particle Atom 
or ion 

Atomic 
number 

Mass 
number 

Number 
of 
protons 

Number of 
neutrons 

Number of 
electrons 

Electronic 
structure 

16O2– ion 8 16 8 8 10 [2, 8]2– 

31P        

  13 27   13  

  13 27   10  

 atom 2 4     

  16 32    [2, 8, 8]2– 

    12 12  [2, 8]2+ 

 



 
 

 Oxidation number/states and simple ions. Class teaching sheet. 

Ions are created when electrons are either lost or gained.  

Assigning oxidation numbers/states is a way of working out how many electrons 

are lost or gained when a substance has been formed. 

Rules for assigning oxidation numbers/states simple ions and elements 

• On simple ions the oxidation state is the charge on the ion 

e.g …………………………………………………………………………………………………………………………………………… 

• In elements the oxidation state is always zero 

e.g……………………………………………………………………………………………………………………………………………. 

Exercise 

Calculate the oxidation state of each element in the following species. 

Species Oxidation number Species Oxidation number 

I-  Cl-  

S  H2  

Fe2+  N3-  

N2  Cu2+  

Fe  Na+  

O2  Mg2+  

k+  F-  

Br-  Ca2+  

Fe3+  Cu+  

Al3+  p3-  

O2-  P  

 



 
 

More Rules for assigning oxidation numbers to certain elements in compounds 

Some elements have fixed oxidation number/states when they are in 

compounds. These need to be learnt off by heart. 

• Group 1, 2 and 3 elements have an oxidation state of +1, +2 and +3 

respectively 

• Hydrogen is nearly always +1 except in metal hydrides ( eg NaH) then its 

-1 

• Oxygen is nearly always -2 except in peroxides (eg H2O2) then its -1 

• Fluorine is nearly always -1 

• The oxidation state of a metal in a compound is sometimes revealed by 

the number in roman numerals next to it. 

Deduce the oxidation number of each element printed bold in the following 

species. 

Species Oxidation 

number 

Species Oxidation 

number 

NaCl  Iron(III)oxide  

MgCl2  Al2O3  

Copper(II) 

oxide 

 Al  

MgO  BaSO4  

NaF  H2O  

H2  LiH  

SF6  H2O2  



 
 

 Rules for assigning oxidation numbers/ elements in compounds and ions 

• The sum of the oxidation numbers in a molecule must equation zero 

Teacher examples: 

………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………… 

Deduce the oxidation number of each element printed bold in the following 

species. 

Species Oxidation No Species Oxidation No 

NH3  BaSO4  

SO2  Mg(NO3)2  

SO3  K2Cr2O7  

 

• The sum of the oxidation numbers in an ion must equal the charge on the 

ion. Teacher examples: 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

Deduce the oxidation number of each element printed bold in the following 

species. 

Species Oxidation No Species Oxidation No 

NH4
+  BO-  

CO3
2-  SO3

2-  

CH2
+  AlS+  



 
 

Uses of oxidation numbers in the modern nomenclature of ions and compounds. 

Calculate the oxidation state of each element in bold in the following species 

and give the name of that specie. 

Species Oxidation 

number 

Name of species 

SnF2   

SnF4   

Fe2O3   

FeO   

Cu2O   

CuO   

MnO2   

MnO   

Mn2O3   

MnO4
-   

PO4
3-   

PO3
3-   

SO4
2-   

SO3
2-   

NO3
-   

NO2
-   

Cr2O7
2-   

CrO4
2-   

 



 
 

Writing half equations. 

 A half equation represents either an oxidation or a reduction. Remember 

OILRIG?..................................................................................................................................... 

Teaching example: 

(a) Write a half equation for Cl-               Cl2 What type of reaction is this? 

 

• First calculate the oxidation states on either side of the equation 

• Balance the element changing oxidation state 

• Sort out the electrons. If the oxidation state becomes more negative 

then it gains electrons. If the oxidation state becomes more positive then 

electrons are lost. 

• Check if the total electric charge on the left equals that on the right. 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………… 

Now try another one 

 

(b) Write a half equation for Fe3+              Fe2+ What type of reaction is this? 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

More for practice. 

Half equation to balance Balanced half equation Type of reaction 

Na         Na+   

Pb4+          Pb2+   

H2                    H+   

 I-              I2   

 

 



 
 

Balancing redox equations class examples  

For the following redox reactions 

Give the half equations for the following redox reactions indicating which is the 

oxidation and the reduction. By adding the two half equations together give a balance 

equation for the redox reaction. 

 

Al  +  Cl2    →AlCl3 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

Mg  +  O2  →MgO 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

Zn  +  Ag+  →Zn2+  +  Ag 

 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

Cl2  +  Br- →Cl- +  Br2 

 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 



 
 

Na +  Cl2    →NaCl 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

 

Ba  +  O2  →BaO 

 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

 

Cu  +  Ag+  →Cu2+  +  Ag 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

 

Cl2  +  I- →Cl- +  I2 

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………. 

 

 



   

Writing Equations 1 

 

Balance these equations 

 (a)  Na2O(s)     +     H2O(l)    ⎯→      NaOH(aq) 

 (b)  H2O2(aq)     ⎯→      H2O(l)       +     O2(g) 

 (c)  Fe(s)       +     O2(g)      ⎯→       Fe3O4(s) 

 (d)  Mg(s)      +     N2(g)       ⎯→      Mg3N2(s) 

 (e)  Fe(s)       +      H2O(g)      ⎯→      Fe3O4(s)     +     H2(g) 

 (f)  NaOH(aq    +    H2SO4(aq)      ⎯→     Na2SO4(aq)     +      H2O(l) 

 (g)  CuO(s)     +     HCl(aq)      ⎯→     CuCl2(aq)      +    H2O(l) 

 (h)  NH4Cl(aq)  +   NaOH(aq)   ⎯→   NaCl(aq)  +   H2O(l)  +   NH3(g) 

 (i)  NaHCO3(s)   ⎯→     Na2CO3(s)     +    H2O(l)    +    CO2(g) 

 



   

 
Writing Equations 2 

 

 

Balance the following equations 

 (a)  KClO3(s)  ⎯→          KCl(s)  +          O2(g) 

 (b)  NH3(g)  +          O2(g)  ⎯→          N2(g)  +          H2O(g) 

 (c)  H2S(g)  +          O2(g)  ⎯→          SO2(g)  +          H2O(g) 

 (d)  H2S(g)  +          SO2(g)  ⎯→          H2O(l)  +          S(s) 

 (e)  Pb(NO3)2(s)   ⎯→          PbO(s)  +          NO2(g)  +          O2(g) 

 (f)  Fe2O3(s)  +          CO(g)   ⎯→          Fe(s)  +          CO2(g)   

 (g)  NH3(g)  +          CuO(s)   ⎯→         Cu(s)  +         H2O(l)  +          N2(g) 

 (h)  NH3(g)  +          O2(g)   ⎯→          NO(g)  +          H2O(l) 

 (i)  FeSO4(aq)  +          Al(s)   ⎯→          Al2(SO4)3(aq)  +          Fe(s) 

 



Writing symbol equations from words 

Write symbol equations for the following reactions taking place. You will first need to convert 

the names of the materials into formulae and then balance the equation. 

 

1. Zinc metal reacts with copper sulphate solution to produce solid copper metal and 

zinc sulphate solution. 

 

2. Solid calcium hydroxide reacts with solid ammonium chloride on heating to produce 

solid calcium chloride, steam and ammonia gas. 

 

3. When lead (II) nitrate is heated in a dry test tube lead (II) oxide, nitrogen dioxide gas 

and oxygen are produced. 

 

4. Silicon tetrachloride reacts with water to produce solid silicon dioxide and hydrogen 

chloride gas. 

 

5. When octane (C8H18) vapour is burned with excess air in a car engine carbon dioxide 

and water vapour are produced. 

 

6. When rubidium reacts with water a solution of the hydroxide of the metal is produced 

as well as hydrogen gas. 

 

7. When strontium reacts with water a solution of the hydroxide of the metal is produced 

as well as hydrogen gas. 

 

8. Sodium chloride reacts with concentrated sulfuric acid to produce sodium hydrogen 

sulphate and hydrogen chloride. 

 

 



 
Writing Equations 3 

   

 

 Write balanced equations for the following reactions: 

   

 (a)       Hydrogen  +  copper(II) oxide  ⎯→  Copper  +  water 

  ........................................................................................................................................ 

 (b) Carbon  +  carbon dioxide   ⎯→  Carbon monoxide 

  ........................................................................................................................................ 

 (c)  Carbon  +  oxygen  ⎯→  Carbon dioxide 

  ........................................................................................................................................ 

 (d) Magnesium  +  sulphuric acid  ⎯→  Hydrogen  +  magnesium sulphate  

  ........................................................................................................................................ 

 (e)  Copper  +  chlorine  ⎯→  Copper(II) chloride 

  ........................................................................................................................................ 

 (f)   Copper  +  oxygen  ⎯→  Copper(II) oxide 

 ........................................................................................................................................ 

 (g) Aluminium  +  chlorine  ⎯→  Aluminium chloride 

  ........................................................................................................................................ 

 (h) Sodium  +  oxygen  ⎯→  Sodium oxide 

  ........................................................................................................................................ 

 (l)  Iron  +  chlorine  ⎯→  Iron(III) chloride 

 ........................................................................................................................................ 

 (j)         Zinc oxide  +  nitric acid  ⎯→ Zinc nitrate  +  water 

 ........................................................................................................................................ 

 



 
Writing Equations 4 

 

Write balanced equations for the following reactions: 

 

(a) Sodium hydroxide  +  sulphuric acid  ⎯→   Sodium sulphate  +  water 

  .............................................................................................................................................. 

(b) Lead(IV) oxide  +  hydrochloric acid  ⎯→   Lead(II) chloride  +  water  +  chlorine 

  .............................................................................................................................................. 

(c) Ammonium chloride  + calcium hydroxide  ⎯→  Calcium chloride  +  water  +  ammonia 

  .............................................................................................................................................. 

(d) Aluminium oxide  +  sulphuric acid  ⎯→  Aluminium sulphate  +  water 

  .............................................................................................................................................. 

(e) Copper(II) nitrate   ⎯→  Copper(II) oxide  +  nitrogen dioxide  +  oxygen 

  .............................................................................................................................................. 

(f) Iron(III) chloride + calcium hydroxide  ⎯→  Iron(III) hydroxide + calcium chloride 

  .............................................................................................................................................. 

(g) Magnesium nitride  +  water  ⎯→  Magnesium hydroxide  +  ammonia 

  .............................................................................................................................................. 

(h) Calcium carbonate + hydrochloric acid  ⎯→  Calcium chloride  +  carbon dioxide  +  water 

  .............................................................................................................................................. 

(i) Calcium  +  water  ⎯→  Hydrogen  +  calcium hydroxide solution 

  .............................................................................................................................................. 

(j) Iron  +  hydrochloric acid  ⎯→  Iron(II) chloride solution  +  hydrogen 

  .............................................................................................................................................. 

(k) Aluminium sulphate  +  nitric acid  ⎯→  Aluminium nitrate  +  sulphuric acid 

 .............................................................................................................................................. 

 



Writing balanced equations 

Making salts from acids and alkalis 

Salts can be made from the three common acids by neutralisation with an alkali, usually 

sodium or potassium hydroxide. 

• Sulphuric acid (H2SO4) makes sulphates 

• Nitric acid (HNO3) makes nitrates 

• Hydrochloric acid (HCl) makes chlorides 

 

               

 

Examples: Write balanced equations for the following: 

Q1. Hydrochloric acid added to sodium hydroxide to make sodium chloride and water 

 

……………………………………………………………………………………………………………………………………………… 

Q2. Sulphuric acid and sodium hydroxide to make sodium sulphate and water 

 

……………………………………………………………………………………………………………………………………………… 

Q3. Nitric acid and potassium hydroxide to make potassium nitrate and water 

 

……………………………………………………………………………………………………………………………………………… 

More for practice.Write balanced equations for the following reactions. 

Q1. Hydrochloric acid added to potassium hydroxide. 

 

……………………………………………………………………………………………………………………………………………… 

Q2. Sulphuric acid and potassium hydroxide. 

 

……………………………………………………………………………………………………………………………………………… 

Q3. Nitric acid and sodium hydroxide. 

 

……………………………………………………………………………………………………………………………………………… 

Acid + Alkali → Salt + Water 



Making salts from acids and carbonates 

 

 

Examples: Write balanced equations for the following: 

Q1. Sodium carbonate added to hydrochloric acid to make sodium chloride, carbon dioxide 

and water 

…………………………………………………………………………………………………………………………………………… 

Q2. Sulphuric acid and magnesium carbonate to make magnesium sulphate, carbon dioxide 

and water 

……………………………………………………………………………………………………………………………………………… 

Q3. Nitric acid and magnesium carbonate to make magnesium nitrate, carbon dioxide and 

water 

……………………………………………………………………………………………………………………………………………… 

More for practice: Write balanced equations for the following reactions. 

 

Q1. Hydrochloric acid added to calcium carbonate. 

 

…………………………………………………………………………………………………………………………………………… 

Q2. Sulphuric acid and aluminium carbonate. 

 

…………………………………………………………………………………………………………………………………………… 

Q3. Nitric acid and barium carbonate 

 

……………………………………………………………………………………………………………………………………………… 

Q4. Hydrochloric acid and strontium carbonate 

 

…………………………………………………………………………………………………………………………………………… 

Q5. Sulphuric acid and lithium carbonate. 

 

……………………………………………………………………………………………………………………………………………… 

Acid  +  Metal Carbonate  →  Salt + Carbon Dioxide + Water 



Making salts from metal oxides and acids 

Metal oxides are described as basic oxides because they react with acids to form salts and 

water. 

 

                                       

 

Examples: Write balanced equations for the following: 

Q1. Sodium oxide added to hydrochloric acid to make sodium chloride and water 

……………………………………………………………………………………………………………………………………………… 

Q2. Sulphuric acid and magnesium oxide to make magnesium sulphate and water 

……………………………………………………………………………………………………………………………………………… 

Q3. Nitric acid and magnesium oxide to make magnesium nitrate and water 

……………………………………………………………………………………………………………………………………………… 

 

More for practice: Write balanced equations for the following reactions. 

Q1. Hydrochloric acid added to calcium oxide. 

……………………………………………………………………………………………………………………………………………… 

Q2. Sulphuric acid and aluminium oxide. 

……………………………………………………………………………………………………………………………………………… 

Q3. Nitric acid and barium oxide. 

……………………………………………………………………………………………………………………………………………… 

Q4. Hydrochloric acid and strontium oxide. 

……………………………………………………………………………………………………………………………………………… 

Q5. Sulphuric acid and lithium oxide. 

……………………………………………………………………………………………………………………………………………… 

 

 

 

 

Metal oxide  +  acid   →    salt + water 

 



Making salts from reactive metals and acids 

 

 

                                       

Examples: Write balanced equations for the following: 

Q1.Sodium added to hydrochloric acid to make sodium chloride hydrogen.  

……………………………………………………………………………………………………………………………………………… 

Q2.Sulphuric acid and magnesium to make magnesium sulphate and hydrogen 

……………………………………………………………………………………………………………………………………………… 

Q3. Nitric acid and magnesium to make magnesium nitrate and hydrogen 

……………………………………………………………………………………………………………………………………………… 

 

More for practice: Write balanced equations for the following reactions. 

 

Q1.Hydrochloric acid added to calcium. 

……………………………………………………………………………………………………………………………………………… 

Q2.Sulphuric acid and lithium. 

……………………………………………………………………………………………………………………………………………… 

Q3. Nitric acid and barium oxide. 

……………………………………………………………………………………………………………………………………………… 

Q4. Hydrochloric acid and strontium. 

……………………………………………………………………………………………………………………………………………… 

Q5. Sulphuric acid and potassium. 

……………………………………………………………………………………………………………………………………………… 

 

 

 

 

 

Reactive Metal +  acid       →       salt + hydrogen 



Combustion reactions 

These involved the burning of substances (usually fuels) in oxygen producing carbon dioxide 

and water. 

Examples: Write balanced equations for the following: 

Q1. Methane burned in oxygen to produce carbon dioxide and water 

 

……………………………………………………………………………………………………………………………………………… 

Q2. Butane burned in oxygen to produce carbon dioxide and water. 

 

……………………………………………………………………………………………………………………………………………… 

Q3. Sulphur burned in oxygen to produce sulphur dioxide. 

 

……………………………………………………………………………………………………………………………………………… 

 

More for practice: Write balanced equations for the following reactions. 

Q1. Ethanol (C2H5OH) burned in excess oxygen. 

 

……………………………………………………………………………………………………………………………………………… 

Q2.  Hydrogen burned in excess oxygen 

 

……………………………………………………………………………………………………………………………………………… 

Q3.  Benzene (C6H6) burned in excess oxygen 

 

……………………………………………………………………………………………………………………………………………… 

Q4.  Octane (C8H18) burned in excess oxygen. 

 

……………………………………………………………………………………………………………………………………………… 

Q5.  Ethoxyethane (C2H5OC2H5) burned in oxygen. 

……………………………………………………………………………………………………………………………………………… 



Formation reactions 

Two elements can chemically combine together to form a compound. This reaction is known 

as a formation. 

Examples: Write balanced equations for the following: 

Q1. Sodium reacted with chlorine to form sodium chloride. 

 

……………………………………………………………………………………………………………………………………………… 

Q2. Magnesium reacted with oxygen to form magnesium oxide. 

 

……………………………………………………………………………………………………………………………………………… 

Q3.  Phosphorous reacted with oxygen to form Phosphorus (V) oxide ( P4O10) 

 

……………………………………………………………………………………………………………………………………………… 

More for practice: Write balanced equations for the following reactions. 

Q1.  Potassium reacted with oxygen. 

 

……………………………………………………………………………………………………………………………………………… 

Q2. Carbon reacted with oxygen. 

 

……………………………………………………………………………………………………………………………………………… 

Q3.  Aluminium reacted with oxygen at high temperatures. 

 

……………………………………………………………………………………………………………………………………………… 

Q4.  Calcium reacted with chlorine.  

 

……………………………………………………………………………………………………………………………………………… 

Q5.  Magnesium reacted with nitrogen at high temperatures. 

 

……………………………………………………………………………………………………………………………………………… 



Decomposition reactions 

When a substance is heated strongly/or by other means, it can decompose into two or more 

different compounds as shown by the examples below. We call this decomposition. 

The generalized reaction for chemical decomposition is: 

                                AB → A + B  

 

Examples: Write balanced equations for the following: 

Q1. Calcium carbonate decomposing to give calcium oxide and carbon dioxide. 

 

……………………………………………………………………………………………………………………………………………… 

 

Q2.Potassium chlorate (KClO3) decomposing to give potassium chloride and oxygen 

 

……………………………………………………………………………………………………………………………………………… 

Q3. Hydrogen peroxide (H2O2) decomposing into oxygen and water 

 

……………………………………………………………………………………………………………………………………………… 

 

Write balanced equations to illustrate the following reaction 

Q1.Decomposition of mercury oxide (HgO)) to give mercury and oxygen 

 

……………………………………………………………………………………………………………………………………………… 

Q2.Decomposition of magnesium nitrate (V) to form magnesium oxide, nitrogen dioxide and 

oxygen. 

 

……………………………………………………………………………………………………………………………………………… 

Q3. Decomposition of sodium nitrate (v) to form sodium nitrate (III), and oxygen. 

 

……………………………………………………………………………………………………………………………………………… 

Q4. Decomposition of water into hydrogen and oxygen gas by electrolysis. 

 

……………………………………………………………………………………………………………………………………………… 



Writing symbol equations from words 

Write symbol equations for the following reactions taking place. You will first need to convert 

the names of the materials into formulae and then balance the equation. 

 

1. Zinc metal reacts with copper sulphate solution to produce solid copper metal and 

zinc sulphate solution. 

 

2. Solid calcium hydroxide reacts with solid ammonium chloride on heating to produce 

solid calcium chloride, steam and ammonia gas. 

 

3. When lead (II) nitrate is heated in a dry test tube lead (II) oxide, nitrogen dioxide gas 

and oxygen are produced. 

 

4. Silicon tetrachloride reacts with water to produce solid silicon dioxide and hydrogen 

chloride gas. 

 

5. When octane (C8H18) vapour is burned with excess air in a car engine carbon dioxide 

and water vapour are produced. 

 

6. When rubidium reacts with water a solution of the hydroxide of the metal is produced 

as well as hydrogen gas. 

 

7. When strontium reacts with water a solution of the hydroxide of the metal is produced 

as well as hydrogen gas. 

 

8. Sodium chloride reacts with concentrated sulfuric acid to produce sodium hydrogen 

sulphate and hydrogen chloride. 
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Writing Ionic Equations from Full Equations        

 

Not all species during a chemical reaction react, change or combine. These are 
known as spectator ions and can be left out of an equation, thus making the equation 
more simple. 

Example 1 

  NaOH(aq)     +          HCl(aq)       ⎯⎯→       NaCl(aq              + H2O(l) 

 

   Na+(aq)  +  OH-(aq)  +  H+(aq)  +  Cl-(aq)  ⎯⎯→  Na+(aq)  +  Cl-(aq)  +  H2O(l) 

 Elimination of spectator ions results in: 

     OH-(aq)    +    H+(aq)     ⎯⎯→    H2O(l) Ionic equation 

Example 2 

        AgNO3(aq)    +                  KBr(aq)      ⎯⎯→    AgBr(s)  +    KNO3(aq) 

 

 Ag+(aq)  +  NO3
-(aq)  +  K+(aq)  +  Br-(aq) ⎯⎯→ AgBr(s) + K+(aq) + NO3

-(aq) 

 Elimination of spectator ions results in: 

     Ag+(aq)    +    Br-(aq)    ⎯⎯→    AgBr(s) Ionic equation 

 

 

Write ionic equations for the following reactions. 

 (a)  AgNO3(aq)   +   NaCl(aq)   ⎯⎯→   AgCl(s)   +   NaNO3(aq) 
 
 
 ................................................................................................................................... 

 (b) BaCl2(aq)   +   Na2SO4(aq)   ⎯⎯→   BaSO4(s)   +  2NaCl(aq) 
 
 
 ................................................................................................................................... 

 (c)  FeCl3(aq)   +   3NaOH(aq)   ⎯⎯→   Fe(OH)3(s)   +   3NaCl(aq) 
 
 
 ................................................................................................................................... 

 (d) Pb(NO3)2(aq)   +   K2CrO4(aq)   ⎯⎯→   PbCrO4(s)   +   2KNO3(aq) 
 
 
 ................................................................................................................................... 

 (e)  CaCl2(aq)   +   H2SO4(aq)   ⎯⎯→   CaSO4(s)   +   2HCl(aq) 

 

 
  ............................................................................................................................ .............................................. 

 (f)  2KOH(aq)   +   H2SO4(aq)   ⎯⎯→   K2SO4(aq)   +   2H2O(l) 
 
  ............................................................................................................................. ..............................................
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Writing Ionic Equations 2 

 

 
Write the balanced net ionic equation for the following reactions. 

                    The starting equations are not necessarily balanced. 
 
 
 
1. AgNO3 (aq) + NaBr (aq) -----------> AgBr(s) + NaNO3(aq) 
 
 
 
 
 
 
 
2. HCl(aq) + ZnS(aq) -----------> H2S(g) + ZnCl2(aq) 
 
 
 
 
 
 
 
3. Pb(ClO4)2(aq) + NaI(aq) ----------> PbI2(s) + NaClO4(aq) 
 
 
 
 
 
 
 
4. Pb(NO3)2(aq) + H2SO4(aq) ---------> PbSO4(s) + HNO3(aq) 
 
 
 
 
 
 
 
5. Na3PO4(aq) + FeCl3(aq) ---------> NaCl(aq) + FePO4(s) 
 



 
 

Answer sheet for Task 6 

Q1. Write balanced equations for: 

Hydrochloric acid reacting with lithium hydroxide 

 

……………………………………………………………………………………………………………………………………………………………. 

Sulphuric acid reacting with sodium hydrogen carbonate 

 

……………………………………………………………………………………………………………………………………………………………. 

Nitric acid with ammonia 

 

……………………………………………………………………………………………………………………………………………………………. 

Sulphuric acid with potassium carbonate 

 

……………………………………………………………………………………………………………………………………………………………. 

Nitric acid with strontium hydroxide. 

 

……………………………………………………………………………………………………………………………………………………………. 

 

Q1 Write ionic equations 

 

(a)…………………………………………………………………………………………………………………………………………………… 

 

(b)…………………………………………………………………………………………………………………………………………………… 

 

(c) …………………………………………………………………………………………………………………………………………………… 

 

(d)…………………………………………………………………………………………………………………………………………………… 

 

(e)…………………………………………………………………………………………………………………………………………………… 

 

(f)…………………………………………………………………………………………………………………………………………………… 



 
 

(g)…………………………………………………………………………………………………………………………………………………… 

 

(h)…………………………………………………………………………………………………………………………………………………… 

 

(i)…………………………………………………………………………………………………………………………………………………… 
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Formula writing Foundation 

 

 

 

 

 

 

1.     __________________   sulphuric (VI)acid 

2.     __________________   nitric(V) acid 

3.     __________________  hydrochloric acid 

4.     __________________   sodium chloride 

5.     __________________   potassium hydroxide 

6.     __________________   oxygen gas 

7.     __________________   sodium carbonate 

8.     __________________   nitrogen gas 

9.     __________________   magnesium sulphate(VI) 

10.   __________________   carbon dioxide 

11.   __________________   sulphur dioxide 

12.   __________________   calcium oxide 

13.   __________________   sodium bromide 

14.   __________________   chlorine gas 

15.   __________________   potassium nitrate(V) 

16. __________________   hydrogen gas 

17. __________________   magnesium hydroxide 

18. __________________   water 

19. __________________   calcium carbonate 

20. __________________   aluminium sulphate(VI) 
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Writing formulae 1 
 

 

 

Write the formula of each compound in the space provided: 
 
( a ) Sodium nitrite/sodium nitrate(III)          .............................................................. 
 
( b )  Lithium iodide          ..................................................................... 
 
( c )  Calcium bromide ..................................................................... 
 
( d )  Barium phosphate(V) ..................................................................... 
 
( e )  Potassium hydrogencarbonate ................................................ 
 
( f )  Magnesium nitrate(V) ..................................................................... 
 
( g)  Sodium sulphate(VI) ..................................................................... 
 
( h )  Aluminium chloride ..................................................................... 
 
( i )  Potassium hydroxide..................................................................... 
 
( j )  Sulphur dioxide ...................................................................... 
 
( k )  Calcium oxide ...................................................................... 
 
( l )  Ammonium hydrogensulphate ................................................. 
 
( m )  Boron trihydride ....................................................................... 
 
( n )  Ammonium carbonate..................................................................... 
 
( o )  Sodium chromate(VI) ........................................................................ 
 
( p )  Tin (II) hydroxide ........................................................................ 
 
( q )  Phosphorus (III) oxide..................................................................... 
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Writing formulae 2 

 

 

 

 

 
Write the chemical formula of the following compounds. 
 
( 1 )  Sodium nitrate(V)   ....................................................................... 

( 2 )  Sodium hydroxide   ............................................................................ 

( 3 )  Sodium carbonate   ............................................................................ 

( 4 )  Ammonium sulphate(VI)   ............................................................................ 

( 5 )  Silver oxide    ............................................................................ 

( 6 )  Aluminium oxide   ............................................................................ 

( 7 )  Silver hydroxide                ............................................................................ 

( 8 )  Iron (III) sulphate(VI)   ............................................................................ 

 ( 9 )  Potassium chloride   ............................................................................ 

( 10 )  Potassium nitrate (V)   …........................................................................ 

( 11 )  Silver nitrate(V)    ............................................................................ 

( 12 )  Silver chloride    ............................................................................ 

( 13 )  Calcium chloride   .........................................................…………….. 

( 14 )  Calcium nitrate(V)   ........................................................................ 

( 15 )  Magnesium bromide    ............................................................................. 

( 16 )  Copper (II) nitrate(V)   ............................................................................. 

( 17 )  Iron (II) hydroxide   .......................................................................….. 

( 18 )  Barium hydroxide   ........................................................................…. 

( 19 )  Magnesium nitride   ............................................................................ 

( 20 )  Iron (III) nitrate(V)    ........................................................................ 

( 21) Copper (II) sulphate(VI)   ............................................................................ 

 



Writing formulas. Class teaching 

Use the table of ions on the next page to write the formula of the following ionic compounds. 
Use the general rule of cross-multiply and then simplify where possible. 

Eg: Aluminium oxide: 

 Al3+    O2- 

 

Al2O3 

 

1 a potassium iodide   2  a  potassium sulfate   

b  sodium oxide   b  magnesium sulfate   

c  aluminium bromide   c  magnesium hydroxide   

d  magnesium chloride   d  copper (II) nitrate   

e  silver oxide   e  zinc carbonate   

f  iron (II) oxide   f  potassium hydroxide   

g  iron (III) oxide   g  sodium carbonate   

h  calcium sulfide   h  aluminium hydroxide   

i  copper (II) chloride   i  ammonium hydroxide   

j  lithium fluoride   j  ammonium chloride   

k  barium chloride   k  aluminium sulfate   

l  lead sulfide   l  iron (III) nitrate   

m zinc iodide   m  ammonium nitrate   

 

X2 X3 



 

Ions Tables 

 

Simple ions 

 

Polyatomic ions 

 

 

 

 

 

 

 

 

1+ 2+ 3+ 
Lithium Li+ Beryllium Be2+ Boron B3+ 

Sodium Na+ Magnesium Mg2+ Aluminium Al3+ 

Potassium K+ Calcium Ca2+ Gallium Ga3+ 

Rubidium Rb+ Strontium Sr2+ Iron (III) Fe3+ 

Caesium Cs+ Barium Ba2+   

Silver Ag+ Copper (II) Cu2+   

Hydrogen H+ Iron (II) Fe2+   

Copper (I) Cu+ Lead Pb2+   

  Zinc Zn2+   

3- 2- 1- 
Nitride N3- Oxide O2- Fluoride F- 

Phosphide P3- Sulfide S2- Chloride Cl- 

  Selenide Se2- Bromide Br- 

    Iodide I- 

    Hydride H- 

1+ 3- 
Ammonium NH4

+ Phosphate (V) PO4
3- 

Hydronium/oxonium H3O+ Phosphate (III) / phosphite PO3
3- 

2- 1- 
Carbonate CO3

2- Hydrogen carbonate HCO3
- 

Sulfate (VI) SO4
2- Hydrogen sulfate HSO4

- 

Sulfate (IV) / Sulfite SO3
2- Nitrate (V) NO3

- 

Chromate (VI) CrO4
2- Nitrate (III) / Nitrite NO2

- 

Dichromate (VI) Cr2O7
2- Hydroxide OH- 

Ethanedioate C2O4
2- Manganate (VII) MnO4

- 

  Ethanoate CH3COO- 



 
 

Formula writing for molecular substances: homework practice 

Q1.Write the molecular formula for each compound. 

1. Carbon disulphide………………………………………………………………………………………………… 

2. Silicon tetrafluoride………………………………………………………………………………………. 

3. Diphosphorus pentoxide…………………………………………………… 

4. Tetraphosphorus decoxide……………………………………………………………………………… 

5. Boron trifluoride……………………………………………………………………………………………… 

6. Germanium disulphide…………………………………………………………………………………………… 

7. Arsenic trioxide………………………………………………………………………………………………… 

8. Xenon hexafluoride……………………………………………………………………………………………… 

Q2.Write the name for the following compounds 

1. lCl3 ……………………………………………………………………………………………………………………………… 

2. S2Br2 ………………………………………………………………………………………………………………………… 

3. AsO3 …………………………………………………………………………………………………………………………… 

4. XeF6 ……………………………………………………………………………………………………………………………. 

5. P2O5………………………………………………………………………………………………………………………………  

6. S2O3……………………………………………………………………………………………………………………………. 

7. SF4.................................................................................................................................... 

8. CS2…………………………………………………………………………………………………………………………… 

For some simple covalent compounds, we use common names rather than 

systematic names. We have already encountered these compounds, but we list 

them here explicitly: 

• N2O: Laughing gas 

• PH3: phosphine 

• C2H6: ethane 

 



 
 

The chemical formula for covalent compounds: Class worksheet 

• The chemical formulae for covalent compounds are referred to as 

molecular formulae because these compounds exist as separate, discrete 

molecules.  

• Typically, a molecular formula begins with the nonmetal that is closest to 

the lower left corner of the periodic table, except that hydrogen is 

almost never written first (H2O is the prominent exception).  

• Then the other nonmetal symbols are listed. 

• Numerical subscripts are used if there is more than one of a particular 

atom. For example CO2, the molecular formula for carbon dioxide. 

 

Number of Atoms in Compound Prefix on the Name of the Element 

1 mono-* 

2 di- 

3 tri- 

4 tetra- 

5 penta- 

6 hexa- 

7 hepta- 

8 octa- 

9 nona- 

10 deca- 

*This prefix is not used for the first element’s name. 

 

 

 



 
 

Examples 

Q1. Write the molecular formula for each compound. 

1. chlorine trifluoride………………………………………………………………………………………………… 

2. phosphorus pentachloride………………………………………………………………………………………. 

3. sulfur trioxide…………………………………………………………………………………………………………… 

4. dinitrogen pentoxide……………………………………………………………………………………………… 

5. nitrogen dioxide……………………………………………………………………………………………………… 

6. dioxygen difluoride………………………………………………………………………………………………… 

7. sulfur hexafluoride………………………………………………………………………………………………….. 

8. selenium monoxide……………………………………………………………………………………………………. 

 

Q2.Write the name for the following compounds 

1. ClF3 ……………………………………………………………………………………………………………………………… 

2. PCl5 ……………………………………………………………………………………………………………………………… 

3. SO2 …………………………………………………………………………………………………………………………… 

4. BrF5 ……………………………………………………………………………………………………………………………. 

5. S2F2………………………………………………………………………………………………………………………………  

6. CO………………………………………………………………………………………………………………………………… 

7. CF4.................................................................................................................................... 

8. SeCl2…………………………………………………………………………………………………………………………… 

9. SiO2……………………………………………………………………………………………………………………………… 

For some simple covalent compounds, we use common names rather than 

systematic names. We have already encountered these compounds, but we list 

them here explicitly: 

• H2O: water 

• NH3: ammonia 

• CH4: methane 





Plotting graphs 
 

Variables 
 
Experiments often involve variables 
 

• The independent variable is the factor that is being changed during the 
experiment. For example, you might be measuring something at different 
temperatures or at different concentrations. Each of these would be the 
independent variable.  
 

• The dependent variable is the factor that is being measured during the 
experiment. For example, when measuring the rate of a chemical reaction 
you might be looking at the time it takes for a cross on a piece of paper to 
disappear. 
 

• The controlled variables are the factors that are kept constant during the 
experiment. 

 
Changing the independent variable causes a change in the dependent variable. After 
carrying out an experiment it is often useful to plot a graph to help analyse your 
results. 
 
Plotting the points  
 
When plotting a graph it is important to pay attention to the following points. 
 

• You will need a sharp HB pencil, a really good rubber so that you can rub out 
mistakes leaving no trace. 

• A good transparent ruler for drawing lines of best fit. Everything else apart 
from the points on any lines you draw should be in black ink. 

 

• The independent variable is placed on the x-axis, while the dependent 
variable is placed on the y-axis. 

 

• Appropriate scales should be devised for the axes. When choosing a scale you 
should attempt to spread the data points to use as much of the graph paper 
as possible and not be squashed up in one corner. At the very least half of the 
graph paper should be use. This means that your axes needn’t necessarily 
start from 0. It doesn’t matter as long as they are clearly labelled. 

 
 
 

 
 
 
 
 



• It’s important to choose a scale, which is easy to read. Avoid using multiples 
of 3 or 7 or 11. 

• Axes should be labelled with the name of the variable followed by a solidus 
(/) and the unit of measurement. For example temperature/°C 

• Data point should be marked with a cross (x) so that all points can be seen 
when a line of best fit is drawn. It is essential that the centre of the cross 
exactly matches the data you are plotting. 

 
Drawing lines of best fit. 
 

• A line of best fit can be a straight line or a curve.  
 

• The data which you are given to plot is likely to have two separate problems 
deliberately built in 

 

• Firstly the results that you are given to plot will all have some ‘experimental 
error’.  That means however accurately you plot them; they probably wont all 
fall on a straight line or a curve. 

 

• Secondly it is quite likely that at least one of the results that you are given 
will be anomalous. This means that the point is so far from the pattern shown 
by the rest of the points that it must have been wrong. 

 
Drawing straight line graphs 

 

• When judging the position of the line there should be approximately the 
same number of data points on each side of the line. Resist the temptation to 
simply connect the first and last point. Draw a line of best fit with a thin 
pencil that does not obstruct the points and does not add uncertainty to the 
gradient.  

• Not all lines of best fit go through the origin. Before using the origin as a 
point always asks the question does a 0 in the independent produce a 0 in 
the dependent? 
A graph of mass of against the volume of hydrogen given off was plotted for 
the reaction between magnesium and sulphuric aced. Draw a line of best fit. 

 
 
 
 
 
 
 
 
 
 
 

 



 
Drawing curved graphs 

 
The graph below shows data gathered during a rate of reaction experiment in 
which the concentration of a reactant was measured against time. 
 
Draw a line of best fit. 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

• It may be important to calculate what is happening beyond the points 
plotted. Extending the best-fit line is a process known as extrapolation. 
Sometimes it is necessary to extrapolate to the y-axis. We will cover this in a 
topic 1.4/ energetics. 
 

• Finally the graph should have a title that summarises the relationship, which 
is being illustrated- this should include the independent variable and the 
dependent variable and the reaction being studied.  
 
Examples:  ‘A graph of concentration against time for the reaction between 
magnesium and hydrochloric acid’  
 
                                                               or 
 
 ‘A concentration-time graph for the reaction between magnesium and 
hydrochloric acid ‘ 
 
 
 
 
 



Practice questions 
 

Q1 A student is carrying out an experiment to monitor the change in pH of a solution 
over time. In order to analyse her data she wishes to plot the data on a graph.  

 
Q 1.1 What should she plot of the x-axis?...................................................................... 

 
Q 1.2 What should she plot on the y-axis?..................................................................... 
 

 
Q2 The data in the table below shows how concentration of a product D changed 
over the course of the experiment. 

 

Time/s 0 20 30 40 50 60 80 100 120 
 

Concentration of 
product D/mol dm-3 

0.00 0.80 0.6 1.35 1.56 1.70 1.85 1.90 1.93 

 
Q 2.1 Plot a graph using this data. Include a line of best fit on your graph. 
 
 
Q3 The colour of a solution of KMnO4 can be quantified by measuring how much 
light of a particular wavelength is absorbed when passed through the solution. The 
data in the table below shows the absorbance of various solution of potassium 
magnate (VII) of different concentration. 
 

Absorbance/ nm KMnO4 /moldm-3 

0.10  0.0010 

0.20 0.0009 

0.40 0.0020 

0.68 0.0030 

0.88 0.0040 

0.98 0.0045 

1.10 0.0050 

 
 
Q 3.1 Plot a graph using this data. Include a line of best fit on your graph. 
 
Q3.2 What would be the concentration of a solution of KMnO4 if it has an absorption 
of 0.8nm? 
 
……………………………………………………………………………………………………………………… 

 
 



  

 

Choose option   

 

Indices worksheet 
Mathematics for A-level Science 

Practice your understanding 
 

Simplify the following expressions: 

 

1. 𝑥3 × 𝑥4 
 

2. 𝑦9 ÷ 𝑦4 
 

3. (𝑧7)3  
 

4. 
𝑥4× 𝑥2

𝑥5
 

 

5. (𝑎𝑏)2 × 𝑎3 
 

6. 𝑏
1

3 
 

7. 𝑐−3 ÷ 𝑐4 
 

8. 
(𝑥0× 𝑥3)2

𝑥4
  

 
Solve the following equations for 𝑥 

 

9. 2𝑥+1 = 24 
 

10. 3𝑥−2 + 1 = 28 
 

11. 2𝑥+6 = 128 
 

 

 

12. 2(3𝑥)2 = 162 
 

13. 7𝑥+4 = 343 
 

14. 
𝑥3×𝑥4

𝑥5 = 64 

 

15. Find the area of the following rectangle. Write your answer in simplified form. 

 

 

 

 

 

 

 

16. The moon is approximately 4 × 105 kilometres away. If an astronaut was to travel to the 

moon and back 3 times, how far would he have travelled in space? 

 

 

17. If that same astronaut was to travel to the moon and back 103 times, how far would he have 

travelled in space? 

 

 

 

 

 

 

 

 

𝑥5 cm  

𝑥3 cm 



  

 

Choose option   

 

Ratio worksheet 
Mathematics for A-level Science 

Practice your understanding 
 

Simplify the following ratios (Example 6:4 = 3:2): 

 

1. 120:50  
 

2. 64:24 
 

3. 13:52 
 

4. 100:10 000 
 

5. 24:72 
 

6. 18:90  
 

7. 56:88 
 

8. 36:144

 
Find 𝑥 by scaling the ratio. 

 

9. 1:2 = 4:x 

 

10. 8:3 = x:9 

 

11. 25:10 = x:2  
 

12. x:160 = 2:8  
 

13. 49:x = 2:4  
 

14. 58.5:18 = x:4  
 

 

15. A toy is made from red bricks and yellow bricks.   

Number of red bricks: Number of yellow bricks = 5:2.    
There are 210 more red bricks than yellow bricks. 

 

How many red bricks are in the toy? 

 

 

16. There are 100 balls in a bag.  The balls are red, blue, green or white.  The ratio of blue to 

red is 5:1.  There are twice as many blue as green.  
1

4
 of the balls are green.   

 

How many white balls are in the bag? 

 

 

17. One day, 460 people visit a zoo.  280 are adults.  The ratio of women to men is 4:3.   

180 are children.   
3

5
 of them are boys.  Jane says that altogether there were more females 

visiting the zoo.   

 

Show that she is correct. 

 

 

 

 

 







 
 

Significant figures and how to deal with them 
 

What are significant figures? 

 
• Significant figures (SF) refer to the most “important” figures in a number that is 

the ones that represent the largest amounts. For example: 
 
                              In the number 1425 

 
     1 is the most important – the 1st SF - it represents 1000 
 

4 is the 2nd most important – the 2nd SF - it represents 400 
 
                                         In the number 0.00423: 
 
      4 is the 1st SF, because it represents 0.004 
 

2 is the 2nd SF because it represents 0.0002 
 
So you count from the left to find significant figures, ignoring initial zeros. 
 
Note: It is only the initial zeros you ignore, not ones in the middle of the number - eg 
in 9806, 0 is the third significant figure. 
 
Exercise 1 
 

Time (s) 
 

0.0 5.0 10 15 20 

Concentration 
moldm-3 

2.00 1.21 0.736 0.446 0.271 

 
 
 How many significant figures are: the times and the concentrations given to? 
 
Times………………………………. 
 
Concentration………………………… 
 
 
How many significant figures are the following answers given to? 
 
0.00507…………………………………….. 
 
206…………………………………………. 
 
0.10405……………………………………… 
 
46907………………………………………… 
 



 
 

 
Rounding to a number of significant figures 
 
To round to a particular number of SF count to that number of significant figures look 
at the next figure- if its’s 5 or above, round up, otherwise round down 
 
Exercise 2 
 
Write the following correct to the number of significant figures given 
 
(i) 290300 to 3 significant figures…………………………………………………………… 
 

(ii) 0.9998 to 3 significant figures………………………………………………………….. 
 
 
(iii) 0.0368 to 2 significant figures…………………………………………………………. 
 
 
Working with significant figures 
 
When doing a calculation, you will often need to decide how many significant 
figures you need to give your answer to. They may state this in the question if not, 
give your answer to the same accuracy as the data in the question, and state the 
number of SF you are using. 
 
Note you should: 
• Work to a greater accuracy than is required in the answer, to avoid 
rounding errors (eg if 2SF is needed, you work to at least 3SF) 
 
• Keep intermediate answers in your calculator as far as possible 
 
• Give the final answer to no greater accuracy than is given in the 
question (eg if all data in the question are to 2SF, it would be silly to 
give the answer to 3SF) 

Exercise 3 

In a recent exam students were asked to give their answer to the following 

calculation to an appropriate number of significant figures. 

Calculate the mass in grams of CH3CH2CH2NH2 produced from 25.2g of 

CH3CH2CH2Br in a synthesis which has a 75% yield.  

Which of the following student answers would be marked correct? Tick the correct 

response. 

 

9.152g……………             9g………………….   9.2g…………………………. 



  

 

Choose option   

 

Standard form worksheet 
Mathematics for A-level Science 

Practice your understanding 
 

Convert the following numbers into standard form: 

 

1. 32 000  
 

2. 0.0006 
 

3. 104 000 
 

4. 18 200 000 
 

5. 9 230 000 
 

6. 0.000 040 5 
 

7. 0.002 019 
 

8. 30 200

 

Convert the following numbers from standard form into decimal notation: 

 

9. 3.26 × 104  
 

10. 8.4 × 10–3 
 

11. 7.29 × 107  
 

12. 1.26 × 102 
 

13. 8 × 10–6 
 

14. 1.3 × 108 
 

15. 2.3 × 10–4  
 

16. 5.001 × 106

 

 

17. Using the formula Circumference = 2 × 3.14 × radius, and given that the mean radius of 

the Earth is 6 378 000 m, calculate the approximate circumference of the Earth leaving 

your answer in standard form to two significant figures. 

 

 

 

18. There are 86 400 seconds in a day.  Calculate the number of seconds in a year leaving 

your answer in standard form to two significant figures. 

 

 

 

19. The current world population is approximately 7.4 × 109 people.  The United Kingdom 

population accounts for 0.88% of the total world population.  Using this information, 

approximate the number of people living in the United Kingdom leaving your answer as a 

decimal number. 

 

 

 

 

 



  

 

Choose option   

 

Units worksheet 
Mathematics for A-level Science 

Practice your understanding 
 

Convert the following numbers into metres: 

 

1. 3 km 
 

2. 20 cm 
 

3. 2.3 mm 
 

4. 550 nm 
 

5. 5.1 μm 
 

6. 13.7 Gm 
 

7. 0.0025 km 
 

8. 1.0001 km

 

Simplify the following units: 

 

 

9. cm × cm 
 

10. km2 × cm 
 

11. nm2 × nm–1 
 

12. 
kg  m

m
  

 

 

13. 
cm3

cm
 

 

14. 
kg  cm3

cm
 

 

15. 
cm

cm2
 

 

16. 
g  cm2

cm−1

 

 

17. Concrete has a density of 2400 kg m–3. What volume of concrete would have a mass 

of 96 kg?  

 

 

18. What would this volume be in a) dm3 and b) cm3   

 

 

 







SI units 
Every measurement must have a size (eg 2.7) and a unit (eg metres or ºC). 
Sometimes there are different units available for the same type of measurement, for 
example ounces, pounds, kilograms and tonnes are all used as units for mass.  
 
To reduce confusion and to help with conversion between different units, there is a 
standard system of units called the SI units which are used for most scientific 
purposes.  
 
These units have all been defined by experiment so that the size of, say, a metre in 
the UK is the same as a metre in China.  
 
The seven SI base units are: 

 

All other units can be derived from the SI base units.  
 
For example, area is measured in square metres (written as m2) and speed is 
measured in metres per second (written as ms–1).  
 
It is not always appropriate to use a full unit. For example, measuring the width of a 
hair or the distance from Manchester to London in metres would cause the numbers 
to be difficult to work with.  
 
Prefixes are used to multiply each of the units. You will be familiar with centi 
(meaning 1/100), kilo (1000) and milli (1/1000) from centimetres, kilometres and 
millimetres.  
 
There is a wide range of prefixes. The majority of quantities in scientific contexts will 

be quoted using the prefixes that are multiples of 1000. For example, a distance of 

33 000 m would be quoted as 33 km. 

 



Prefixes 

The most common prefixes you will encounter are: 

 



  



Apparatus 

To help plan effective practical work, it is important that you are familiar with the common 

laboratory equipment available to you. 

 

For each of the following pieces of glassware, state their name and use. Calculate the 

percentage error, based on the reading provided.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name: 

Use: 

% Error: 

Name: 

Use: 

Name: 

Use: 

% Error: 

Name: 

Use: 

 

Name: 

Use: 

% Error: 

Name: 

Use: 

% Error: 

250ml 

% 

Error: 

±0.15 

% 

Error: 

±0.5 

% 

Error: 

±0.5 

% 

Erro

r: 25ml 

% 

Error

: 

Name: 

Use: 

% Error: 

22.4cm 

% Error: 

±0.1 

% 

Error: 

25ml 

% 

Error

: 

65°C 

% 

Error

: 

±0.12 

% 

Error: 



 

Chemistry Induction Task: History of the Atom 

The atomic theory of matter is an excellent illustration of the process of science. Our 
understanding of the world around us is reshaped and refined with each scientific experiment.  

The first recorded idea of the atom comes from the ancient Greeks in the 400’s B.C. Over the 
millennia, scientific experimentation has added to our knowledge of the atom, redefining what 
it is and what its structure is like. 

In this project, your goal will be to learn about some of the highlights in the history of atomic 
theory to gain an appreciation of how we know what we know about atoms. 

Step 1 (2-5 hours) 

Step one of this process involves research. Listed below are 14 scientists who all contributed 
to our current understanding of the atom. You need to find out who these people were and 
what they contributed to atomic theory.  

Democritus                                Marie Curie 
Antoine Lavoisier                      James Chadwick 
John Dalton                               Max Planck 
J. J. Thomson                            Albert Einstein 
Ernest Rutherford                      Niels Bohr 
Robert Millikan                           Louis De Broglie 
Erwin Schrodinger                     Werner Heisenberg 

Questions to answer in your research 

• When did they live?  

• Where did they live?  

• What new information did they contribute to the understanding of the atom? 

• How did they find this new information? (What experiments did they do?) 

• Interesting facts – other accomplishments, personal information, famous historical events 
at the time,etc.   
                                                       

Cite your sources: 

You must hand in a bibliography with your project. Give the website/book title along with the 
date accessed. See referencing your source for more details. 

Research Tips: 

Some of these scientists did experiments not related to atomic theory as well. If you search 
on the web for information, you might include searches about history of atomic theory, or “Niels 
Bohr atomic theory” to help get less broad results. You can of course get good information by 
searching each name as well, but don’t forget to find out about contributions to atomic theory. 
Your textbook also has useful information about some of these scientists.  

 

Here are a few useful websites to get things going. 

https://www.absorblearning.com/chemistry/demo/units/LR301.html 

http://www.ausetute.com.au/atomichist.html 

http://www.visionlearning.com/en/library/Chemistry/1/Atomic-Theory-I/50 

 
Step 2 (2-3 hours) 

Step 2 of this project is turning your research into an interesting an informative project. This is 
the part where you use the information, making sure to avoid plagiarism by putting things into 

https://www.absorblearning.com/chemistry/demo/units/LR301.html
http://www.ausetute.com.au/atomichist.html
http://www.visionlearning.com/en/library/Chemistry/1/Atomic-Theory-I/50
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your own words.  

The type of project you will complete is called a RAFT (R = role, A = audience, F = Format, T 
= Topic). You choose one horizontal row from the choices below to complete. If you don’t see 
any options that appeals to you, talk to your teacher about designing your own. 

Role Audience Format Topic 

Role 

 

Audience Format Topic 

Science writer at 
the Metro news 
paper 

 

Reader of the metro Series of 
Newspaper 
Articles  

The ongoing discovery 
of the atom 

Science Historian Students studying 
atomic history 

Detailed Timeline Important figures and 
events in the history of 
atomic structure. 

Author 

 

Students in your 
chemistry class 

Graphic Novel  Adventures of 2 or 
more scientist in the list 
that includes their 
contribution to atomic 
development 

Video-Games 
developer 

 

Head Games 
Developers of 
Nintendo or Sony 

Illustrated 
proposal for a new 
video games. 
(Don’t forget to 
name your game.) 

A video game that will 
teach secondary 
students about atomic 
theory. 

Actors putting on a 
performance for 
the scientists at 
The Mill Hill 
Institute   

 

Scientists in The  Mill 
Hill research Institute 
who are currently 
doing research on 
subatomic particles 

Role playing You will take on the 
personas of a least two 
to three scientist who 
contributed to the 
development of the 
atom. 

 

Read the rubric carefully to understand what content needs to be included in your project. 

Newspaper articles – You could write one article per scientist, but it might be better to write 
fewer articles, each one focusing on a different time period. Make sure your writing is 
interesting; your reader shouldn’t want to put the newspaper down after the first few 
sentences. Make sure to use newspaper article format and be creative. (Read a science article 
perhaps for a better understanding of this.)  

Timelines – Your timeline should be visually attractive and include pictures of each scientist 
as well as descriptions of their contributions to atomic theory. Organization and attractive 
layout are key.  

Graphic Novel – You should write an illustrated short story. Don’t forget a cover with the title 
of your novel. Remember, you need to make an interesting narrative that students would like 
to read that still includes all the required content. Turn your research into a story! 

Video Game Proposal – Imagine you have to pitch a new video game to Nintendo or Sony. 
This is the proposal you would bring with you. It should outline the type of game, the objective 
of the game, and describe how the game is played. It should include some illustrated frames 
of what the game will look like on screen. Be creative about how you can incorporate learning 
atomic theory into a game! Remember, your proposal should make Nintendo or Sony want to 
make and sell your game. 

Role Playing – Take on the persona of the scientists. You will give your performance to the 
scientists in our class. Be creative and fully take on the role of the scientists you have chosen. 
Limit the performance to 3-5 minutes and turn in a bibliography with the sources you used to 
research your scientist(s). 



 

 

Referencing Your Sources 
 
In your report you will need to credit your sources by supply the author(s) name and date of 
their work. The full details of your sources work must be supplied in alphabetical order in the 
bibliography.  This gives the reader enough information so they can follow up on the topic if 
they wish to do so. 
 
In your report you will use the Harvard system of referencing: 
 
Book References: 

o The surname and forename or initials of all authors 
o The date of publication 
o The book title 
o The name of the publisher 

 
For example: 
Offer, D., Ostrovw, E, and Howard, K. (1981). The Adolescent – a psychological self-portrait. 
New York: Basic Books. 
 
The title of the book should be in italics to distinguish it from other details. When multi-
authored work has been quoted it is important to include the names of all the authors, even 
when the text has used et al.  
 
Papers or articles within an edited book: 
The author(s) of the article, the date and title of the piece 
The editor of the book 
Title of the book and the place and name of the article or paper 
 
For example: 
Milner, D. (1970). Ethnic Identity and preference in minority-group children. In: H. Tajfel, 
(1981) Human groups and social categories. Cambridge: Cambridge University Press, pp.329-
356. 
 
Journal articles: 
The name of the journal. 
The volume and issue number of the journal. 
The first and last page numbers of the article. 
 
The publisher and place of the publication are not normally required for journals.  
 
For example: 
 
Mackay, G (2002). The disappearance of disability? Thoughts on a changing culture. British 
Journal of Special Education, 29 (4), 159–163. 
 
Note that in the last two references above, it is the book title and the journal name that are 
italicised, not the title of the paper or article.  



 

 

Internet pages: 
As information on the internet changes rapidly and Internet pages move it can be difficult to 
find the source that you used. Therefore, it is useful to make a note of the internet address at 
the outset. The final reference should include: 
 

o Author of the information (this may be an individual, group or organisation) 
o Optional: The date the page was posted on the Internet (most pages have a date at 

the bottom of the pages) 
o The title of the article 
o The http:// address 
o The date you accessed the Internet page (in case the information has been 

subsequently modifies) 
 
For example:  
Jackson, R. (2004). Inclusion: A flawed vision. GSSPL [online]. Available 
at:www.gssp.org.uk/html/inclusion_aflawed-vision [Accessed January 2014] 
 
 
Other types of publications: 
You may also wish to use refer to other types of publications, including PhD dissertations, 
lectures, translated works, newspaper articles, dictionary or encyclopaedia entries or legal or 
historical texts. The same general principles apply to the referencing of all published sources. 
Here are some examples: 
 
Goodwin, L.J. (2007). The inclusion of children with physical disabilities in physical education. 
Rhetoric or reality? Unpublished PhD. Thesis University of Surrey.  
 
Snith, J. (14th November 2013). The benefits of the Extended Project, Lecture 1. University of 
Somewhere. 
 
Guardian (2007). I felt more welcome on the Bible belt. Friday 20th April 2007, p.14 
 
Note that in contrast to the format used for the published sources, the formatting of 
unpublished sources does not include italics, as there is no publication title to highlight. 
 
 
Personal communications: 
If the idea or information that you wish to cite has been told to you personally, perhaps in a 
discussion or an email from a specialist in the field, the points can be referenced as shown in 
the example below: 
 
Robertson, M. (2012) personal communication. 
 
 
 


