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Unit 1: Substances & Reactions 

Learning Outcomes 
 

Elements 
 
1. Everything in the world is made from about 100 elements. 

2. Each element has a name, an atomic number and a unique symbol. 

3. Chemists have arranged elements in the Periodic Table. 

4. Most elements are solid at room temperature. 

5. Mercury and bromine are liquid at room temperature. 

6. Hydrogen, Helium, Nitrogen, Oxygen, Fluorine, Neon, Chlorine, Argon,   

Krypton, Xenon & Radon are gases at room temperature. 

7. Elements can be classified as metals or non-metals. 

8. There are more metals than non-metals in the Periodic Table. 

9. Metals are all conductors of electricity 

10. The most recently discovered elements have been made by scientists. 

11. Elements with similar chemical properties are placed together in vertical 

groups. 

12. Identify, name and describe the reactivity of the following groups in the       

Periodic Table 

• Alkali metals group 1 

• Halogens  group 7 

• Noble gases group 8 

 
 

Compounds and mixtures 
 
13. Compounds are formed when elements react together. 

14. Most compounds with a name ending in ‘-ide’ contain the two elements      

indicated; the ending ‘-ite’ or ‘-ate’ indicates the additional element oxygen. 

15. Mixtures occur when two or more substances come together without          

reacting. 

16. Mixtures can be separated using the following techniques: 

 a) Filtration 

 b) Evaporation 

 c) Magnetism 

 d) Distillation 

 e) Chromatography 
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Unit 1: Substances & Reactions 

Learning Outcomes continued 
 

 

Chemical reactions 
 
17. Know the following prefixes  

 

 

 

 

 

 

18. All chemical reactions involve the formation of one or more new substances. 

19. Chemical reactions can be identified by changes including colour change, gas 

evolved, change in temperature 

20. Chemical reactions can be identified by energy changes. 

21. Chemical reactions can be speeded up by using more concentrated solutions, 

increasing temperatures and using finely powdered solids. 

 

 
 
You should be able to 
 
22. Write a chemical formula for a molecule 

23. Write a word equation for a reaction 

24. Identify variables in reactions 

25. Write a chemical formula from a name e.g. Sulfur dioxide must be SO2 

26. Work out a name from a chemical formula, Carbon tetrachloride is CCl4. 

 
 

Prefix Meaning 

Mono 1 

Di 2 

Tri 3 

Tetra 4 
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Unit 1: Substances and Reactions 

Chemical Elements   
Elements and the Periodic Table 

Everything in the world is made up of substances called                 

elements. There are about 100 different elements in the 

world. The elements are listed in the periodic table of the           

elements. 

 

Each element has a name and a symbol. Hydrogen is the 

lightest of all the elements and has the symbol H. The next 

lightest element is Helium which has the symbol He. 

Hydrogen is the simplest and smallest atom of any element. 

It is given an atomic number of 1. Helium is the next sim-

plest element, it is given the atomic number 2. 

 

Most elements are made of much more complicated atoms. 

Carbon, an element found in all living things has an atomic      

number of 6, and has the symbol C. As you can see the    

atoms of different elements are different from each other. 

But atoms of the same element are the same as each other. 

 
 
 
 
 
 
 

 All atoms of carbon are identical! 

Modern computers use 

element no. 14 silicon 

and no. 32 germanium. 

Some thermometers 

contain element no. 80, 

mercury which is a    

liquid. However, the 

thermometers we use  

in school contain        

alcohol, because        

mercury is toxic. 

Mendeleev, a Russian 

chemist who made the 

first periodic table in 

1867. 
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Types of Elements      
Solids, liquids & gases 

Most of the elements are solids at room temperature. 

Out of more than 100 elements only 13 are not solid. 

 

Eleven elements are gases at room temperature.                                            

These are listed below along with their symbols: 

 
Hydrogen, H   Helium, He  Nitrogen, N   
 
Oxygen, O  Fluorine, F  Chlorine, Cl   
 
Neon, Ne   Argon, Ar  Xenon, Xe   
 
Radon, Ra  Krypton, Kr 
 
 

Metals & Non Metals 

Metals have the following properties: 

• Good conductors of Heat 

• Good conductors of electricity 

• Can be hammered into shape. 

• Most of the elements are metals. 

Page 6 of the data booklet shows the metal and       

non-metal elements. 

 
 

 
 
 
 
 
 
 

Airships originally were 

filled with Hydrogen, 

they are now filled with 

helium. Both hydrogen 

and helium are gas    

elements. 

Many different metals 

are used to make the 

space shuttle. 

Mercury and    

bromine are the 

only liquid        

elements in the    

periodic table. 

   Mercury (Hg) 

Bromine (Br) 
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Elements and groups 
 

Elements in History 

Some elements have been known for a 

very long time. Over 500 years ago the 

Egyptians used gold, iron, and copper. 

These metals were rare and expensive. 

The year of discovery of elements is shown 

on page 7 of the data booklet. 

 
 

New Elements 

Of the more than 100 elements known, less than 90 are 

natural. All of the other elements have been made by   

scientists. Most of the new elements can only be made in 

very small amounts. 

 
 

Groups in the Periodic Table 
 
Elements in the same group in the periodic table all show 

similar properties. We can see this if we examine group 

one. 

 
 

Group one elements 

The group one elements are 

called the Alkali Metals. The     

Alkali metals are all soft and can 

cut by a knife. They are also very 

reactive, and react quickly with water. 

 
Group seven elements 

The group seven elements are called the        

Halogens. The Halogens are also very        re-

active elements. 

 

Group eight elements 

The group eight elements are called the No-

ble Gases. The Noble Gases are very unreactive.  

 
 

The group one     

elements 

The mask of              

Tutankhamun 

is made of 

gold 

New elements were 

found in he clouds 

from atomic bombs. 

Albert Einstein,    

element number 99; 

Einsteinium was 

made by scientists 

in 1957. 

Chlorine, a group 7 

element, is used to 

make bleach. 
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Compounds 
Making compounds 

When a piece of magnesium is held in 

tongs and heated in a Bunsen flame it 

burns brightly to form a white powder. 

This powder is a compound of magnesium                                 

and oxygen. The two elements have joined to make a new 

substance called magnesium oxide. 

 

 
 
 
 
 

 
 
 
 

 

Naming Compounds 

The name of a compound tells us the elements present in    

the compound.  

Compounds ending in ‘ide’ contain only the two elements    

given in the name. For example, rust has the chemical name 

iron oxide. It contains the elements  iron and oxygen. 

The ‘stinky’ gas which comes from bad eggs is called            

hydrogen sulfide. The name tells us that it contains                 

hydrogen and sulfur.  

If a compound ends in hydroxide, then it is an exception        

to the rule e.g. calcium hydroxide contains calcium hydrogen 

and oxygen. 

 
Prefixes      

The bubbles in lemonade contain the gas carbon dioxide- a 

compound of carbon and oxygen. The di part of the name tells 

us that there are two atoms of oxygen for every atom of            

carbon. Sulfur trioxide contains three atoms of oxygen for 

every atom of sulfur. 

 Heating magnesium 

changes it into     

magnesium oxide. 

The space shuttle gets its power 

by burning hydrogen with       

oxygen. The hydrogen and     

oxygen react together to form   

a compound called hydrogen   

oxide- this is the chemical name 

for water. The clouds of ‘smoke’ 

seen when the shuttle launches 

are in fact clouds of steam. 

 Steam 

Launching the space shuttle 

Lemonade contains 

carbon dioxide, CO2. 

The chemical name 

for salt is sodium 

chloride, a        

compound of the 

elements sodium 

and chlorine. 

The chemical name 

for water is              

hydrogen oxide.    

It is a compound         

containing the    

elements hydrogen 

and oxygen. 
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Complex Compounds 
Three element compounds 

Until now we have only looked at compounds made from two     

elements. More complicated compounds exist. Any compound 

whose name ends in ‘-ate’ contains oxygen. e.g. 

• Potassium sulfate contains potassium, sulfur, and oxygen. 

• Sodium carbonate contains sodium, carbon, and oxygen. 

• Aluminium nitrate contains aluminium, nitrogen, and           

oxygen. 

• Magnesium phosphate contains magnesium, phosphorus, 

and oxygen. 

 

Similarly the ending ‘-ite’ also tells us that a compound         

contains oxygen e.g.  

• sodium nitrite contains the elements sodium, nitrogen and    

oxygen. 

• Calcium sulfite contains the elements calcium, sulfur and        

oxygen. 

 

 
Mixtures  
 
Sulfur and copper are both elements. Sulfur is a yellow        

coloured solid and copper is a red-brown solid. When the two 

elements are mixed together nothing happens. The mixture 

contains atoms of sulfur and  atoms of copper. The atoms  

have not joined together. This is a mixture of sulfur and       

copper. 

Aspirin is a very 

complicated 

chemical which 

contains the 

three elements; 

carbon,              

hydrogen and 

oxygen. 

Our bones     

contain calcium 

phosphate. A 

compound of the 

elements       

contain calcium, 

phosphorus and 

oxygen. 

-’Ate’ means    

oxygen. Plants 

make                     

carbohydrates, 

compounds of 

carbon, hydrogen 

and oxygen. 

Atoms of copper joined to 

other atoms of copper. 
Atoms of sulfur, joined to 

other atoms of sulfur. 

Copper is an element, its atoms are identical. Sulfur is an       

element, its atoms  are also identical, but not the same as        

atoms of copper. 
 

In a mixture, the atoms of copper and sulfur    

do not join. They can be separated from each  

other. On the right is a mixture. You can clearly 

see the separate atoms of copper and sulfur. 

A mixture of copper and sulfur. 
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Making compounds 

On page 10 we saw that when                          

copper and sulfur were mixed      

together they did not react. We had 

only made a mixture of copper and 

sulfur. The atoms of copper and  

sulfur were not joined to each other. 

 

 

 

 
 
 
 
 

The new compound formed looks                                               

very different from the original                        

elements.  

When the reaction has stopped 

we can no longer see the       

colours of copper (red/ brown) 

or sulphur (yellow). The copper 

and sulfur atoms have joined to 

make a new substance called 

copper sulfide. Copper sulfide is a compound of the               

elements copper and sulfur. We can understand what has 

happened to the atoms of copper and sulfur if we look at 

the diagram below. 

If we start to heat the         

mixture of copper and sulfur 

things happen. The mixture 

begins to glow and give out 

energy. The atoms of  copper 

and sulfur are joining                

together. They are reacting 

with each other to form the 

compound copper sulfide.        

A mixture of copper and sulfur.                                     

The atoms are separate. 

Copper sulfide. The atoms of                         

copper and sulfur are joined                                   

together. 

copper sulfur 

Nothing happens when the 

elements are mixed.  

Mixture of copper and sulfur 

A glow passes through 

the mixture 

Heat is needed to start the 

chemical reaction 

tin lid 

The copper sulfide compound 

Copper sulfate  

(a black solid) 

After the reaction 

Cars use petrol 

as a fuel. Petrol  

is a             

hydrocarbon: a 

compound   

containing only 

two elements;            

hydrogen and 

When magnesium 

is heated, it            

reacts with          

oxygen to make 

the compound 

magnesium           

oxide.  

The magnesium 

oxide (white     

powder) looks 

completely          

different from the 

original elements. 

Magnesium is a 

shiny grey colour 

and oxygen is a 

colourless gas. 



 

    St. Ninian’s High School                                                         11                                                       S2 Chemistry pupil notes  

Separating mixtures 

Different techniques can be used to separate mixtures. 
 

Filtration 

 

 

 

 

 

 

 

 

Evaporation 

 

Magnetism 

 

 

 

 

 

Distillation 

This is used to separate a liquid from a                                     

mixture of two or more liquids. 

 

 

Chromatography 

Filtration can be used to separate solids from 

liquids. The solid is trapped in the filter paper in 

the filter funnel and the liquid runs through. 

liquid 

Solid and liquid mixture 
Filter paper 

trapping solid 

Filter           

funnel 

Bunsen 

burner 

Evaporating 

basin 
Solution 

Evaporation can be used to separate a soluble solid 

from a liquid e.g. if you evaporate a salt solution, the 

water will evaporate and the salt will be left behind. 

sulfur iron filings 

Iron and sulfur mixture 

Magnetism can be used to separate magnetic metals 

(iron, cobalt and nickel) from non-magnetic materials. 

This is used to separate dissolved substances from one     

another. It is used when the dissolved substances are      

coloured e.g. inks, food colourings and plant dyes. It works 

because some of the coloured substances dissolve in the 

solvent used better than others, so they travel further up 

the paper. 

Heat 
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Chemical reactions 
Changes 

Eggs contain various chemicals,           

proteins, fats, minerals, and            

vitamins, as well as water. 

When the egg is heated these 

chemicals change, we say that a chemical reaction has       

occurred. 

 

Energy changes 

Many chemical reactions involve    

energy changes. An example is the 

reaction which powers the space 

shuttle. The rocket motors of the 

shuttle react hydrogen and oxygen 

together. When the hydrogen and 

oxygen react  together they          

produce steam and a large amount                                     

of heat. The ‘smoke’ at a shuttle                                            

launch is clouds of steam. 

 

Burning 

One of the first chemical reactions 

you carried out in first year was to 

burn magnesium. When the                

magnesium burns it changes  chemically. The  magnesium 

is a silvery metal, after burning it changes into a white 

powder. This change of appearance often happens in 

chemical  reactions. The white powder contains           

magnesium and oxygen. It is magnesium oxide. The          

reaction produces a great deal of energy. 

The cooked egg is solid, it is very 

different from the uncooked egg. 

In chemical reactions new          

substances are formed. These new 

substances can look very different 

from the original substances. 
After the reaction 

A mixture of chemicals 

Space shuttle take off. 

Burning magnesium 

When you toast 

bread, a chemical  

reaction occurs. 

A chemical         

reaction is used to 

change milk into 

cheese. 

Burning gas in a 

fire is a chemical 

reaction. This     

reaction produces 

lots of heat. 

A new products is        

always formed in a 

chemical reaction. 

Signs of a chemical          

reaction are: 

• A colour change 

• A gas released 

• An energy change 

e.g. light, sound, 

heat (change in  

temperature) 
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Word equations 
Carbon & oxygen 

Charcoal is used as a fuel for            

barbecues. Charcoal contains the      

element Carbon which is a good fuel. 

When the charcoal is heated the           

carbon in it begins to react with the   

oxygen in the air. The carbon and         

oxygen are reactants. 
 

When the carbon and oxygen react together they make                                               

carbon dioxide. Carbon dioxide is the product of the              

reaction. We show this reaction as a word equation: 

carbon  +  oxygen  —> carbon dioxide 

 

Hydrogen & oxygen 

Many elements react with oxygen.    

Most space rockets use hydrogen as a 

fuel. In the photograph on the right 

you can see a space shuttle launch. 

The large, dark coloured tank attached 

to the shuttle contains hydrogen and 

oxygen. These two chemicals react   

together. They are the reactants. When 

they react together they make water.    

Water is the product. 

The word equation for this reaction is: 

 hydrogen + oxygen  —> water 

 

Copper & chlorine 

Copper is a red-brown coloured metal. When a thin 

sheet of copper is put into a jar of green coloured 

chlorine gas a reaction occurs. Copper and chlorine 

are the reactants. A green coloured solid is made 

which contains both copper and chlorine. This solid 

is copper chloride. It is the product of the reaction. 

The word equation for the reaction is: 

         copper + chlorine —> copper chloride 

Carbon reacting with oxygen to 

help cook chicken. 

Hydrogen reacting with              

oxygen. 

Copper reacting 

with chlorine 

copper 

chlorine 

Lighters      

contain          

propane gas 

which reacts 

with oxygen 

and produces 

energy. 

Barbecuing          

is a chemical      

reaction. 

Burning wax,   

another           

chemical           

reaction. 
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Speed of reactions 
Slow 

Iron reacts with water and  

oxygen in the air to form rust.  

Rusting is a very slow     

chemical reaction which can 

take years to finish. 

The photograph on the right 

shows the Forth rail bridge in 

Edinburgh which is regularly 

painted to prevent the bridge 

rusting away. 

Medium 

Cooking food is an example of a      

medium speed chemical reaction. 

The vegetables in the stir-fry on the 

right might take about 10 minutes to 

cook fully. 

       Fast reactions 

Some chemical reactions are very 

fast indeed. To push a bullet out of a 

rifle a small explosion happens.      

Explosions are chemical reactions 

which produces large volumes of   

gases in a very short time. In this case the reaction is over 

in less than one thousandth of a second. 

 

Extremely fast reactions 

The man on the right, Ahmed Zewail is famous 

Egyptian Chemist who is interested in extremely 

fast chemical reactions. He has designed a 

method for studying reactions which occur in 

fractions of one millionth of a second. In 1995 

he was awarded the Nobel prize for chemistry 

for his work. 

                                     
Rusting is a very slow reaction 

Ahmed Zewail 

Bunsen burner: A 
chemical reaction 

Fire is a chemical 
reaction which uses 
up oxygen. 

Mixing cement-
when cement sets 
solid– a chemical 
reaction occurs. 
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Speed of reactions 
Reactions which make gases 
If a reaction produces a gas and the gas is 

allowed to escape then the weight of the 

reaction mixture will get less.  

It is possible to measure how fast the      

reaction is by measuring how fast the 

weight falls. 

It is important that these experiments are fair. The results 

of an experiment are shown below. 

If we compare experiments A and B the only difference is 

the concentration. So any difference in speed of the        

reactions will be due to the different concentrations. 
 

If we compare experiments A and C the only difference is 

the difference in the form of the magnesium carbonate. So 

any difference in the speed of the reactions will be due to 

the different forms of magnesium carbonate. 
 

If we compare experiments B and C, both the form of 

magnesium carbonate and the concentration of the  acid 

are different. We cannot make any conclusions in this case 

as, in a fair experiment only one thing is changed at a 

time. 

Burning candles 

When a candle burns the wax reacts with oxygen 

from the air to make carbon dioxide and steam. The 

carbon dioxide and steam are both gases and escape 

into the air. So when the candle burns the reaction 

produces gases and the weight of the candle gets 

less. The word equation for the reaction is:  

wax + oxygen —> carbon dioxide + steam 

Experiment Concentration of acid 

(mol per litre) 

Form of magnesium 

carbonate 

A 1 Lump 

B 2 Lump 

C 1 powder 

Burning candlewax– 

a chemical reaction 

Measuring weight 

Dilute hydrochloric 

acid 1 mol l-1 Magnesium 

carbonate 

powder 

Bananas become 

ripe because of 

chemical         

reactions. 

Fire– a chemical 

reaction which 

produces heat 

energy. 

Chemical         

reactions in         

batteries        

produce                

electricity. 
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Measuring volumes of gas 
Using syringes 

It is possible to measure the speed of reactions by measuring 

the volume of gas made in a reaction. We can do this using two 

methods; using a gas syringe or an upturned measuring        

cylinder. When sulfuric acid reacts with a metal, the reaction 

makes hydrogen gas. The hydrogen gas is trapped in the gas 

syringe or the upturned measuring cylinder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

V
o
lu

m
e
 o

f 
g
a
s
 (

c
m

3
) 

Time (seconds) 

Experiment 2 

Experiment 1 

Beer is frothy    

because the        

reaction which 

makes beer also 

makes a gas. 

Bread rises     

because when 

bread is made     

a reactions         

occurs which 

makes a gas. 

By measuring the volume of gas in the syringe every 20 seconds we can see how 

fast the reaction is. The results for two experiments are shown in the graph      

above. After 50 seconds the volumes of gas produced by each experiment is: 

Experiment 1: 40 cm3  Experiment 2: 20 cm3 

We can see that experiment 1 produces gas faster than experiment 2. The final 

volume of gas produced by each experiment is 56 cm3.  

 

The time each experiment takes to produce 56 cm3 is : 

Experiment 1: 150 s                Experiment 2: 200 s 

Again we can see that experiment 1 is faster than experiment 2. 
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Factors affecting reaction speed 
 
 

 

 

 

 

 

 

 

 

 

Temperature 

If we compare experiment A with experiment B the only  

variable which changes is the temperature. Experiment B 

is the faster experiment. Increasing temperature       

increases the speed of a chemical reaction. 

 

Particle size 

If we compare experiment A with experiment C the only   varia-

ble which changes is that A uses lump chalk and C uses pow-

dered chalk. Experiment C is the faster experiment. 

Powdered solids normally react faster than lumps. 

 

 

 

 

 

Concentration 

If we compare experiment C with experiment D the only variable 

which changes is the concentration of the acid. Experiment D is 

the faster experiment. Increasing the concentration of a so-

lution increases the speed of a chemical reaction. 

 

Catalysts 

Catalysts are chemicals which can speed up a chemical reaction 

without being used up. Catalysts remain unchanged in the 

course of a reaction. Enzymes are biological catalysts.  

Food is stored in 

a fridge as the 

low temperature 

slows down the 

speed of decay; 

another     

chemical               

reaction. 

Chopped carrots 

cook faster than 

whole carrots          

because they 

have a smaller 

particle size. 

Bellows can be 

used to increase 

oxygen                   

concentration in 

the air being 

blown into a fire. 

This helps the 

fire to burn 

more efficiently. 

Lumps  

(large particle size) 

Powder 

(small particle size) 

  

  

Dilute acid  

(20oC)+ lumps 

Dilute acid 

(30oC) + lumps 

Concentrated 

acid (20oC) + 

lumps 

Dilute acid 

(20oC)+ pow-

A B 

C D 
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Keeping Experiments fair 
Variables 

 
Anything which we can change in an experiment is called a 

variable.  

You should be aware of independent, dependent and control 

variables for investigations you carry out. 

 

In experiments investigating the speed of reactions the     

important variables are temperature, concentration of           

solutions, whether any solids in the reaction are lumps or 

powders and whether a catalyst (or enzyme) is        pre-

sent.  

The diagram below shows some experiments carried out  

with chalk and sulfuric acid. 

 

 

 

 

 

 

 

 

 

 

 

 
The independent variable is the one that you will change 

(temperature for reactions A and B above). 
 

The dependent variable is the one that you will measure 

(volume of gas produced for the           

reactions above). 
 

The control variables are those that 

are kept the same for each                 

experiment so that you are                  

performing a fair test (concentration 

of acid/ particle size of chalk for        

reactions A and B above). 

  

  

Dilute acid  

(20oC)+ lumps 

Dilute acid 

(30oC) + lumps 

Concentrated 

acid (20oC) + 

lumps 

Dilute acid 

(20oC)+ powder 

A B 

C D 

Skills: Tables 

When            

constructing a 

table the        

independent 

variable goes in 

the left hand 

column. 

The dependent 

variable goes in 

the right hand 

column. 

Skills: Graphs 

When drawing a 

graph the        

independent 

variable is           

plotted on the         

x-axis.  

The dependent 

variable is          

plotted on the    

y-axis. 
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Compounds & Formulae 
Water 

 
Water has the chemical name hydrogen 

oxide. This tells us that it contains            

hydrogen and oxygen. The diagram on 

the right shows how the hydrogen and 

oxygen join. This is a molecule of water. 

Because the molecule contains 2 atoms                           

of hydrogen joined to one atom of oxygen                                

it has the chemical formula H2O. 

 

 

 

Vinegar 

Vinegar contains the chemical ethanoic 

acid.  A molecule of ethanoic acid          

contains 2 atoms of carbon, 4 atoms of 

hydrogen, and 2 atoms of oxygen.          

It has the chemical formula C2H4O2. 

 

Molecules 

On the right is a drawing of  molecule of 

methane, a compound with the formula 

CH4. The atom in the centre is an atom 

of carbon. The four outside atoms are   

atoms of hydrogen. There are four bonds 

in the molecule.  

A molecule is defined as, two or 

more atoms held together by 

strong bonds. 

A molecule of ammonia, 
chemical formula NH3. 

Ammonia 

Ammonia is a gas which contains the 

elements nitrogen and hydrogen.  

In a molecule of ammonia there are 

3 atoms of hydrogen and one atom 

of nitrogen. Ammonia has the      

formula NH3. 

A molecule of ethanoic acid,  
chemical formula C2H4O2. 

A molecule of water,          

chemical formula H2O. 

A molecule of methane, CH4. 

 

A molecule of    

caffeine, the 

drug in coffee 

and tea. Caffeine 

contains the  

elements             

carbon,             

hydrogen and 

oxygen. 

A crystal of salt– 

the compound  

sodium chloride. 

hydrogen 

Hydrogen     

reacts rapidly 

with oxygen to 

make water, 

formula H2O. 
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Formulae 
Cyclopropane 

On the right is a model of a molecule  

of a gas called cyclopropane, which is a   

hydrocarbon, a compound which contains 

the elements hydrogen and  carbon only. 

The molecule contains 3 atoms of carbon 

and 6 atoms of hydrogen. Cyclopropane                             

has the formula C3H6. 
 

Butane 

On the left is a model of a molecule 

of a gas called butane, which is a 

hydrocarbon. Butane is used as a 

fuel in gas barbecues. 

The molecule contains 4 atoms of 

carbon and 10 atoms of hydrogen. 

Butane has the formula C4H10. 

 

Formulae and names 

The name of a compound tells us 

which elements are present in the 

compound. 

Sodium chloride contains the elements 

sodium and chlorine, and hydrogen 

oxide contains the elements hydrogen 

and oxygen. Carbon dioxide contains 

carbon and oxygen. The di- in from of the oxygen tells us 

that the molecule contains two atoms of oxygen. So the 

formula of carbon dioxide is CO2. 
 

Names from formulae 

The molecule on the right contains the                     

elements silicon, symbol Si, and chlorine,  

symbol Cl. The formula is SiCl4. The name is 

silicon tetrachloride. The tetra indicates that 

the molecule contains 4 atoms of chlorine. 

Name Number 

Mono 1 

Di 2 

Tri 3 

Tetra 4 

Cyclopropane– a                

hydrocarbon 

Butane is a hydrocarbon 

used as a fuel 

Silicon tetrachloride 

A cup of water 

contains millions 

of millions of 

millions of      

millions of        

molecules of      

water. 

An explosion is 

simply a very 

rapid reaction 

which produces 

heat and lots of 

gas. 

A molecule of   

benzene– a       

hydrocarbon        

present in petrol. 
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Unit 2 

Gases and Life 
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Unit 2: Gases and Life 

Learning Outcomes 
 

1. Know that oxygen relights a glowing splint, makes a burning splint burn 

more brightly, and has no effect on lime water. The formula of oxygen is O2. 

2. Know that carbon dioxide turns lime water milky and puts out a burning 

splint. The formula of carbon dioxide is CO2. 

3. Know that nitrogen puts out a burning splint and has no effect on lime water. 

The formula of nitrogen is N2. 

4. Know that oxygen is used to help people breathe. 

5. Know that nitrogen is used to help keep things cold and to make fertilisers. 

6. Know that carbon dioxide is used in fizzy drinks and in fire extinguishers. 

7. Know that argon is used to fill light bulbs. The formula of Argon is Ar. 

8. Know that air contains 78% nitrogen, 20% oxygen, 1% argon, and 0·03% 

carbon dioxide. 

9. Know  how to show that the air contains 20% of oxygen. 

10. Know that oxygen is used up when things burn. 

11. Know that when animals breathe they  take in oxygen which is then changed 

into carbon dioxide.  

12. Know that all of the carbohydrates contain the three chemical elements:  

carbon, hydrogen and oxygen.  

13. In carbohydrates, the ratio of hydrogen to oxygen is 2:1. 

14. Know that many foods contain carbohydrates which are energy foods. 

15. Know that  animals obtain energy from carbohydrates and oxygen in a           

reaction called respiration.  

16. The word equation for respiration is: 

    Glucose  +  Oxygen  —> Carbon dioxide + Water 

17. Know  that starch is a carbohydrate.  To test for starch we add some iodine 

solution. If starch is present then the iodine solution will turn a blue-black 

colour. 

18. Know that sugars are carbohydrates whose names end in -ose. 

19. Know that sugars are soluble in water and that starch is insoluble in water. 

20. Know that plants make glucose and oxygen from  carbon dioxide gas and 

water. This is called Photosynthesis. 
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Unit 2: Gases and Life 

Learning Outcomes 
21. Photosynthesis is very important because - 

a) It makes glucose - an important food 

b) It makes oxygen - which animals need to breathe. 

c) It removes carbon dioxide from the atmosphere. 

21. During photosynthesis plants absorb carbon dioxide through their leaves and 

water through their roots. 

22. The energy to do this comes from the sun. Plants contain a chemical called 

chlorophyll. The chlorophyll traps the sun’s energy and changes it into   

chemical energy. 

23. We can write a word equation for photosynthesis 

Carbon dioxide  +  Water   —> Glucose  +   Oxygen 

24. Know that plants make starch in their leaves  by joining glucose molecules 

together. 

 

I should be able to 
 
25. Know that carbohydrates are a source of energy. 

26. Know that Iodine solution is used to test for starch. 

27. When starch is added to iodine solution, the iodine solution turns a blue-

black colour. 

28. Know that Benedict's solution changes from blue to brick red when heated 

with sugars. The only sugar which does not change the colour of Benedict's 

solution is sucrose. 

29. Know that sugars are all carbohydrates. They all contain the elements      

carbon, hydrogen, and oxygen. 

30. Know that   

a) All sugars have names which end in - ose. 

b) All sugars are sweet and dissolve in water. 

c) The hydrogen to oxygen ratio in carbohydrates is 2:1 

31. Know that many different sugars exist; glucose, maltose, sucrose, lactose, 

fructose. 
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Unit 2: Gases and Life 

Learning Outcomes 
32. Carbon dioxide helps trap heat from the sun in the earth’s atmosphere. This 

is called the greenhouse effect. 

33. In the last 200 years the percentage of carbon dioxide in the atmosphere has 

increased, many scientists think that this will cause an increase in the        

average temperature of the earth. This process is called global warming. 

34. The increase in the percentage of carbon dioxide in the atmosphere is due 

to: 

a) burning fossil fuels 

b) cutting down forests. 

35. Know that digestion is the breaking down of 

36. food molecules into smaller molecules by chemicals called enzymes. 

37. Know that enzymes are catalysts found in living things. 

38. Know that our saliva contains an enzyme called amylase which breaks down 

starch into simple sugars. 

39. Know that the acid in our stomachs also helps break down starch into sugars. 

40. Know that the acid in our stomachs is a catalyst but not an enzyme. 

41. Know that only small food molecules like sugars can pass from the gut into 

the blood. 
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Unit 2: Gases and Life 

Gases in the Air 
Oxygen, Nitrogen, Carbon dioxide 

 

Three of the gases in air are oxygen, carbon dioxide and nitrogen. 

 

You have carried out the following three tests to identify these 

gases. 

 
 
Test 1: Burning splint test 

You put a burning splint into a test tube  

of gas. You saw if the gas supported burning. 

 

 

 

Test 2: Glowing splint test 

You put a glowing splint into a test tube of  

gas. You saw if the splint  burst into flames. 

 

 

 

Test 3: Lime water test 

You poured a little lime water into a test  

tube of gas. You then replaced the stopper  

and shook. You saw if the lime water turned 

milky. 

 

The results of the tests are shown in the table below. 

 
 
 
 
 
 
 
 
 
 
 
 

Test result  

Burning splint Glowing splint Lime water 

Carbon        

dioxide 
Goes out Goes out Turns milky 

Oxygen Burns brighter Relights No effect 

Nitrogen Goes out Goes out No effect 

Gas Formula 

CO2 

O2 

N2 

Because carbon 

dioxide puts out 

fire it is often 

used in fire      

extinguishers. 

The gas used 

to make 

drinks fizzy is 

carbon       

dioxide,      

formula CO2. 

Crisps are 

sometimes 

packed in an 

atmosphere 

of nitrogen to 

stop the 

crisps going 

‘off’. 

Lime water 

Glowing splint 

Burning splint 
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Composition of Air 

Air contains: 

78% Nitrogen  20% Oxygen 

1% Argon  0·03% Carbon Dioxide +  Other gases 

 
You did various experiments to show that about 1/5th of air is   

oxygen. 

 
Experiment One 

You put a dry boiling tube in a test-tube holder. 

You then put a burning splint in the tube. The splint 

stopped burning after a time as the burning had used up 

all the oxygen in the air in the tube. 

 

  
 

Experiment Three 

You watched a candle burning in a jar of air.     

After the flame of the candle was extinguished 

the water rose one fifth of the way up the jar. 

Again we had proof that oxygen took up 20%  

(1/5th) of the air. 

 
 

 
 
 
 

 

Experiment Two 

You put a burning splint into a beaker 

with some water in it and covered the 

splint with a boiling tube. After some 

time the splint stopped burning. This 

was because the oxygen in the tube had 

been used up. The water rose one fifth 

of the way up the tube. This showed 

that the oxygen took up approximately 

on fifth of the air. 

Carbon dioxide in Air 
 

Your teacher used a water pump to 

suck air through lime water. 

After about 10 minutes the lime 

water turned milky. 

Light bulbs 

are filled with 

argon– a very 

unreactive 

gas. 

Antoine      

Lavoisier is 

the French 

Chemist who 

discovered 

oxygen. 

Filter 

pump 

Water in 

Water out 

Air in 

Limewater 
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Burning and Breathing 
Burning 

You carried out this experiment. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

This showed that burning makes carbon dioxide. Wood contains 

the chemical elements carbon hydrogen and oxygen, we say that   

it is a carbohydrate. Carbohydrates burn, react with oxygen, to 

make carbon dioxide and water. Chemists call this burning           

reaction, combustion. 

The word equation for the reaction is 

 
 carbohydrate  +  oxygen  —> carbon dioxide + water 
 
 
Respiration 
   
You also blew through lime water. The lime wa-

ter turned milky. This showed that our breath 

contains more carbon dioxide than unbreathed 

air. A chemical reaction occurs in our bodies. 

The reaction uses the carbohydrates in our foods 

to provide us with energy.  

The reaction is called respiration. The equation for respiration is: 

 
 glucose      +  oxygen  —> carbon dioxide + water 
 

On a cold day you can see the water produced in this          

reaction, it shows up as steam in our breath. 

 
A burning splint was put 
into a jar until it went out. 

 
Lime water was added to 
the jar and shaken. The 
lime water turned milky. 

Burning requires a minimum temperature. Water puts out 

fires as it lowers the temperature and so prevents further 

burning. 

Fuels are used 

to provide        

energy. 

Methane burns 

easily. This is a 

chemical           

reaction             

between        

methane and       

oxygen. 
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Photosynthesis 
 
Photosynthesis & Chemicals 
 
Plants are very important for us. Plants turn the light                     

energy of the sun into the food which we need to help us 

live.  

Plants need three things to make food. 

 1.  Sunlight 

 2. Water 

 3. Carbon dioxide 

The plant contains a green chemical called chlorophyll                

which traps the sun’s energy.  

Water is taken into the plant through its roots. 

Carbon dioxide is taken into the plant’s leaves. 

The water and carbon dioxide are changed into foods called       

carbohydrates and the gas called oxygen inside the plant. 

The carbohydrate foods are stored in the plant, the oxygen              

is released through the leaves of the plant. The carbohydrate          

made in photosynthesis is a sugar called glucose. This can then          

be changed into other carbohydrates such as starch. The word     

equation for photosynthesis is 

 Carbon dioxide + water  —> glucose + oxygen 
 

Light & Photosynthesis 

The experiment shown below shows that light is needed for         

photosynthesis. 

 

 

 

 

 

 
 

 
 

A lamp is used to shine light on a sample of pondweed inside a 

test tube. The pondweed gives off bubbles of oxygen. If a brighter 

light is shone on the pondweed the more bubbles of oxygen are 

seen. More light energy means more photosynthesis. 

Oxygen 
bubbles  

Green 
plant 

 
Magnified view 

Sunlight 

Oxygen 

Carbon 
dioxide 

Water 
 
Plants needs sunlight 
to make food. 

Oxygen         
relights a 
glowing splint 

Carbon       
dioxide turns 
limewater 
milky. 
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The Greenhouse effect 
 
Global warming 
 
During photosynthesis plants remove carbon dioxide from the 

air and change it into oxygen. Animals take in oxygen and 

change it into carbon dioxide in respiration.  

Photosynthesis and respiration have helped 

keep the amount of carbon dioxide at a low 

level for millions of years. Since about 1800 

A.D. the amount  of carbon dioxide in the air 

has begun to increase and this worries some 

scientists. 

 
 
 

 
  
 
 
 
 
 

Burning fossil Fuels 
 
Fossil fuels like coal, oil, and gas contain                                  

carbon. When the fuels are burned they                                  

make carbon dioxide. We are burning lots                                 

of fossil fuels and so are making lots of                                    

carbon dioxide. 

 

c
a
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1
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0
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Year 
Carbon dioxide in the air 

Chemists say that carbon dioxide 

is a greenhouse gas. It helps 

trap the heat energy from the 

sun and keeps the world war. 

They think that as the amount of 

carbon dioxide in the air                

increases the world will get 

warmer. Scientists call this  

Global warming. 

Cutting down Rain Forests 
  

The map on the right shows the world’s rain for-

ests. Rain forests are filled with plants which re-

move carbon dioxide from the air and change it 

into oxygen. Cutting down the rain forests 

means that less carbon dioxide is removed from 

the air. 
The rain forests are shown in black 

Burning fossil fuels               

produces carbon dioxide. 

Carbon dioxide traps heat         
energy from the sun 

Some scientists 
say that if the 
earth’s            
temperature        
increases the artic 
ice will melt, or 
form icebergs and 
sea levels will rise. 

The sun gives us 
most of our           
energy. 
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Respiration 
 
Burning Food 
 
We need food to give us energy. Food contains chemical       

energy. When we burn food the chemical energy in the food 

turns into  heat energy. In first year you carried out an            

experiment where  you burned food to produce heat energy. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

You measured the amount of energy in different foods by            

measuring the change in the temperature of the water when          

the foods were burned. Food contains the energy which keeps     

us alive. We obtain our energy from glucose and oxygen. The     

glucose comes from our food, the oxygen comes from the air              

we breathe. 
 

 
Respiration in our bodies 
 
We take carbohydrates and oxygen 

into our bodies and change them  

into carbon dioxide and water.      

Inside our bodies the glucose and 

oxygen are changed into carbon    

dioxide and water. This reaction  is 

called respiration and it provides all 

of the energy needed by our bodies. 

 

Energy in Food 
All of the energy in our food comes from the sun. Plants use the 

sun’s energy to make carbohydrates. Animals eat these plants to 

obtain energy. If we eat plants or animals the energy in them 

comes from the sun. 
Animals obtain           
energy from the sun 

Measuring the energy in food 

Thermometer 

Water 

Burning food 

Oxygen 

Carbon dioxide    
+ water 

Carbohydrate 

Heat 
energy 

Movement 
energy 

Respiration gives us energy 

We breathe in   
oxygen for         
respiration. 

We breathe out 
carbon dioxide, 
which turns 
limewater milky. 

We need food to 
give us energy. 
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Carbohydrates 
 

 

 

 

 

 

 

 

Sugars 

There are many different sugars. Table sugar is a 

chemical called sucrose. Lucozade contains glucose, 

fruits contain fructose. Barley, which is used to make 

beer contains  a sugar called maltose. Most sugars, 

when heated with a blue  liquid called Benedict’s           

solution will turn it red-brown. The only sugar which 

does not do this is sucrose. 

 

 

 

 

 

 

Properties of carbohydrates 

 
 
 
 
 
 

Plants use carbon dioxide, water,  and 

the light energy from the sun to make 

the energy foods we call                            

carbohydrates. There are two types of 

carbohydrates; sugars and starches.  

Sugars are sweet and dissolve easily in 

water. They give us energy quickly. 

Starches are not sweet and do not         

dissolve easily. Starch gives us energy 

slowly. 

Starch 

Many different foods contain starch. 

Potatoes, pasta, rice and flour all  

contain starch. To test for starch we 

use iodine solution. Starch turns        

iodine solution a blue-black colour. 

Carbohydrates for energy 

Name 
Benedict’s 

test 

Iodine 

test 
Taste 

Solubility in 

water 

Glucose +ve -ve Sweet soluble 

Fructose +ve -ve Sweet soluble 

Maltose +ve -ve Sweet soluble 

Starch -ve +ve Not sweet insoluble 

Sucrose -ve -ve Sweet soluble 

The Benedict’s test 

Sample of carbohydrate  

heated with Benedict’s 

solution 

The iodine test 

Iodine 

Carbohydrate 

e.g. flour 

Carbohydrates are          

made by plants    

using the energy of 

the sun in          

photosynthesis. 

When iodine is   

added to bread, a 

blue-black colour is 

seen. This shows 

that bread contains 

starch. 
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Carbohydrates large and small 
 
Sugars are small, sweet-tasting, water-soluble                   

carbohydrates. Glucose and fructose are common simple             

sugars with the molecular formula C6H1206. Sucrose (table 

sugar) and maltose are made of molecules which are almost 

twice as large since they both have molecular formula 

C12H22O11 . Starch is much larger and is made of many                            

hundreds of glucose molecules joined together. All carbohydrates contain the   

elements carbon, hydrogen, and oxygen, with a hydrogen to oxygen ratio of 

2:1. 
 

Breaking down carbohydrates 
 
If you chew a piece of bread for about ten minutes, it will eventually taste of  

sugar. This is because bread   contains starch and, and as you chew, this is    

broken down to produce maltose (sugar). On digestion, starch is 

changed to            glucose. This is important because glucose can 

pass  

through the gut wall and into the bloodstream.  

The much larger starch molecules cannot do this. 

In the diagram on the right a mixture of glucose                               

solution and ‘starch solution’ is placed inside some  

visking tubing. This is made from a plastic that                

contains tiny pores, just like the gut wall. At regular    

intervals the water in the test tube is tested for  

starch and for glucose. It is found that glucose can  

pass through the visking tubing, but starch cannot. The             

same thing happens at the gut wall. 

 

Amyl- ase 
 
 

Enzyme and acid catalysed breakdown of starch 

Visking tubing 

It behaves like 

the intestine wall 

Starch and glu-

cose solution 

It is like the food 

you eat 

Water around 

the tubing 

This is like the 

blood which is 

round your      

intestine 

A molecule of 
glucose 

Amylase is an enzyme (natural catalyst) found in saliva. It catalyses the      

breakdown of starch to sugar. Body enzymes, like amylase, work best at body 

temperature, which is about 37°C. As a result, if a mixture of amylase and 

‘starch solution’ is kept at about 37°C then the starch is broken down very    

quickly. The hydrochloric acid in our stomachs also helps break down starch. The 

acid will work at any temperature. 

Dilute acid + 

starch solution 

Heat 

Water 

at 

100oC 
Amylase 

and starch 

Water at 

37oC 
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Unit 3 

Acids and Metals 
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Unit 3: Acids and Metals 

Learning Outcomes 
I should be able to 
 
1. Know the following facts about hydrogen 

a) Hydrogen burns with a pop 

b) Hydrogen is the least dense gas 

c) Hydrogen burns to make water 

2. Know that the word equation for burning hydrogen is 

hydrogen + oxygen  —> water 

3. Know that water’s correct chemical name is hydrogen oxide. 

4. Know that water's chemical formula is H2O, which shows that a molecule of 

water contains two atoms of hydrogen and one atom of oxygen. 

5. Know that the low density of hydrogen led to its use in airships. 

6. Know that the flammability of hydrogen led to  

7. Helium now being used in airships. 

8. Know that the test for water is that it boils at 100°C 

9. and freezes at 0°C. 

10. Know that the pH scale is used to measure if a substance is acidic, alkaline, 

or neutral. 

11. Know that the pH of a substance can be measured by using universal           

indicator solution or pH paper. 

12. Know that acids have a pH of less than 7. 

13. Know that alkalis have a pH of more than 7 

14. Know that neutral substances have a pH of 7. 

15. Know that pure water is neutral. 

16. Know that acidic substances turn pH paper or universal indicator red. 

17. Know that neutral substances turn pH paper or universal indicator green 

18. Know that alkaline substances turn pH paper or universal indicator blue. 

19. Know that many common household substances are acids. Examples of acids 

are: vinegar, lemonade, coke & soda water 

20. Most household cleaning products are alkaline. e.g. bleach, oven cleaner and 

dishwashing powder. Baking soda is also alkaline. 

 

 
 



 

    St. Ninian’s High School                                                         35                                                       S2 Chemistry pupil notes  

Unit 3: Acids and Metals 

Learning Outcomes 
I should be able to 
 
21. Know that three acids used in the laboratory are hydrochloric acid, nitric    

acid, and sulfuric acid. 

22. Know that three alkalis used in the laboratory are sodium hydroxide solution, 

potassium hydroxide solution, and calcium hydroxide solution (limewater). 

23. Know that as you dilute an acid the pH rose.  

24. Diluting an acid makes it less acidic. 

25. Diluting an acid continuously can take the pH up to a value of 7. 

26. Know that when you dilute an alkali the pH falls.  

27. Diluting an alkali makes it less alkaline. 

28. Know that when an alkali is added to an acid, the acid is neutralised. 

29. Know that when an acid is added to an alkali, the alkali is neutralised. 

30. Know that neutralisation reactions always make water and a salt. 

31. Know that the name of a  salt tells us about the acid it comes from. 

32. Hydrochloric acid makes chlorides, e.g. sodium chloride 

33. The salts of nitric acid are called nitrates.  

34. Know that sulfuric acid forms salts called sulfates.  

35. So when sodium hydroxide reacts with nitric acid: 

sodium hydroxide + nitric acid -> sodium nitrate + water 

36. Know that the first part of a salt’s name is that of a metal. Potassium,        

sodium, iron, magnesium and calcium are all metal elements. 

37. The metal part of a salt comes from the substance used to neutralise the    

acid. 

38. If sodium hydroxide is used to neutralise nitric acid then the salt made is   

sodium nitrate. 
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Unit 3: Acids and Metals 

Learning Outcomes 
I should be able to 
 
39. Know that carbonates can neutralise acids- carbon dioxide gas is made in 

this reaction as well as a salt and water. e.g. when calcium carbonate reacts 

with nitric acid: 

calcium carbonate+nitric acid—>calcium nitrate + water+ carbon dioxide 

40. Know that fossil fuels contain sulfur. When the fuel burns the sulfur reacts 

with oxygen to make sulfur dioxide (SO2)   

sulfur + oxygen  —> sulfur dioxide  

41. Know that sulfur dioxide is a major cause of acid rain. 

42. Know that the sparking of air in car engines causes the nitrogen to react with 

oxygen to form nitrogen dioxide (NO2). 

nitrogen + oxygen —> nitrogen dioxide 

43. Know that nitrogen dioxide is a cause of acid rain. 

44. Know that Acid Rain can  

a) Damage the stone which buildings are made from  

b) Damage steel 

c) Slow plant growth 

d) Kill fish 

45. Know that metals which react with water produce hydrogen. 

46. Know that some metals, e.g. copper and gold, do not react with water. 

47. Know that  three metals react violently with water. These three metals were 

lithium, sodium, and potassium. 

48. Know that calcium reacts with water. 

49. Know the word equations for metals reacting with water. 

sodium + water  —> sodium hydroxide + hydrogen 

calcium + water  —> calcium hydroxide + hydrogen 

50. Know that some metals e.g. magnesium, zinc, and iron react with acids to 

produce hydrogen gas 

51. Know that both water and acids contain hydrogen. 

52. Know that some metals e.g. copper and gold, do not react with acids. 

53. Know that some metals react with oxygen to form metal oxides 

54. The equation for a metal like calcium reacting with oxygen is : 

calcium + oxygen —> calcium oxide 
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Unit 3: Acids and Metals 

Acids 
Hydrogen 

Hydrogen is the least dense of all elements. It is a 

gas with the symbol H. Because it has such a low 

density- much less than air, it was used for a long 

time to fill airships. There is one drawback to the 

use of hydrogen in Airships. Hydrogen burns very 

easily. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Hydrogen burns with a pop. This is used to test if 

a gas is hydrogen. When hydrogen burns it reacts 

with oxygen to make hydrogen oxide. The       

common name for hydrogen oxide is 

water. The word equation for this reaction is: 

 hydrogen + oxygen  --> water 

 
 
 

 

R101 an early British airship 

In 1936 an Airship called the Hindenburg was 

docking in New York when it caught fire. 

The airship burned out in less than 30             

seconds. Due to the extreme flammability of 

hydrogen, airships now use the second              

lightest gas- Helium- whose chemical symbol 

is He. 

Hydrogen burns with a pop 

Water’s correct chemical name is          

hydrogen oxide. 

Water's chemical formula is H2O, which 

shows that a molecule of water contains 

two atoms of hydrogen and one atom of 

oxygen. 

If you want to test if a liquid is water 

measure its freezing and boiling points. 

Water boils at 100°C and freezes at 0°C. 

A molecule of water, 

chemical formula is H2O. 

The Hindenburg burning 
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The pH scale 
Measuring pH 

The pH scale is a scale of number which runs from below 0 to 

above 14. The pH of a substance tells us if the substance                

is acidic, alkaline, or neutral. There are two ways to measure              

the pH of a substance. 

 

pH paper 

pH paper is paper soaked in special 

dyes which can change colour depend-

ing on the pH of the liquid the paper is 

placed in. By noting the colour the paper 

turns we can measure the pH of the liquid which the paper is 

placed in. Acids turn pH paper red, alkalis turn it blue. 

 

 

 

 

Acidity and pH 
The pH scale 

The pH scale is not just a whole number scale. A substance could 

have a pH of 3.24 . It is even possible for an acid to have a pH   

below zero, acids exist with pH values of -0.4! 

Acids all have pH values below 7 and alkalis have pH values 

above7. Only neutral substances have pH values of 7. 

 

 

 

Universal Indicator 

Universal indicator is like liquid pH   

paper. It is normally a green liquid.    

If it is added to acids it turns red. If      

added to alkalis it turns blue. The 

shade of red or blue tells us the pH 

of the liquid. 
Using Universal Indicator to 

measure pH 

Using pH paper 

acid alkali 

neutral 

Oranges and all          

citrus fruits contain 

citric acid, which 

gives them their  

bitter taste. 

Toothpaste is          

usually alkaline. 

Cow’s milk is 

slightly acidic 

Pure water is         

neutral. 
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pH and acidity 

We know that acids have pH values of less than 7. The lower the pH of 

an acid, the more acidic it is. The closer the pH of an acid to 7 the less 

acidic the acid is. 

 

 

 

 

In the same way, an alkali whose pH is close to 7 is not very            

alkaline. The larger the pH value of an alkali, the more alkaline it is. 

Acidity and dilution. 

If we dilute an acid we change its pH . 

 

 

 

 

 

This pH of acids depends on how concentrated the acidic. A            

concentrated acid can have a pH of 1. If water is added the acid           

becomes more dilute and so less acidic. The pH falls and moves         

towards 7. 

Alkalis and dilution. 

If we dilute an alkali we change its pH . 

                           

 

 

 

 

 

This pH of alkalis also depends on how concentrated the alkali is. A 

concentrated alkali might have a pH of 14. If water is added the         

alkali becomes more dilute and so less alkaline. The pH falls and moves 

towards 7. 

Dilute 

The concentrated       

acid has a pH of 1 

Adding water makes 

the acid more dilute 

The dilute acid is less 

acidic. It has a pH of 3. 

Dilute 

alkali 

The concentrated     

alkali has a pH of 14 

Adding water makes 

the alkali more dilute 

The dilute alkali is less      

alkaline. It has a pH of 12. 

Some plants grow 

best in alkaline 

soil. Others prefer 

acidic soils. It is 

important for     

gardeners to know 

soil pH. 

Although pure    

water is neutral, 

rain water has a 

pH of less than 7. 

It is acidic. 
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Common Acids & Alkalis 
Laboratory Acids 

There are three common acid which we 

use in chemical laboratories. 

• Hydrochloric acid 

• Sulfuric acid  

• Nitric acid 

Like all acids they have pH values which are lower than 7. 

 

Laboratory alkalis 

There are three common alkalis used in chemistry 

laboratories. 

• Sodium hydroxide 

• Lime water & 

• Ammonia solution. 

Like all alkalis they have pH values                          

which are higher than 7. 

All acids have a pH lower than 7 

All alkalis have a pH greater than 7. 

Some common household 

Household Alkalis      

Most household cleaning products are alkaline e.g. 

• Dishwashing powder 

• Oven cleaner 

• Baking soda 

• Bleach 

• Soap 

 

Some common household alkalis 

Most               

household 

cleaners have 

pH values   

greater than 

7. They are 

alkalis. 

Household Acids     

Most common household substances are 

acids. Examples of acids are 

• Vinegar 

• Lemonade 

• Coke and soda water 

Pickled foods 

contain             

vinegar, a 

household    

acid. 
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Neutralisation 
Neutralising an acid 

If some acid is added to a beaker and the pH tested, the pH will  

be less than 7. This proves that the liquid in the beaker is an acid. 

 

 

 

 

 

When alkali is added carefully to the acid in the 

beaker, the pH of the acid begins to rise. The  

acid is being neutralised. This is a chemical     

reaction called neutralisation. It is possible to 

make a solution of pH 7 by adding the correct 

amount of alkali to the acid. If more alkali is 

added than is needed then the pH will rise                                  

above 7. 

 

Neutralising an alkali 

If some alkali is put into a beaker an universal  

indicator added to the alkali then  a blue colour  

is seen, this shows that the pH of the liquid is 

greater than 7. The liquid is an alkali. 

The alkali can be neutralised by careful addition 

of an acid. When the liquid is neutral the pH 

will have fallen to 7 and the indicator will  be  

a green colour. 

Neutralising an    

alkali with an acid. 

acid 

alkali 

acid 

alkali 

Neutralising an acid     

with an alkali. 

Acid being put 

in a beaker 
Testing with pH paper 

shows a pH lower than 7 

Toothpastes 

are alkaline to 

neutralise  

acids in our 

mouths. 

Indigestion 

tablets are 

alkaline, they 

neutralise 

stomach    

acids. 

Wasp stings 

are alkaline. 

They can be 

neutralised by 

vinegar, 

which is an 

acid. 
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Substances made by Neutralisation 
Neutralisation 

We know that acids can neutralise alkalis. 

This is an example of a chemical reaction. 

During a chemical reaction we know that new 

substances are formed. This is true for the   

neutralisation reaction between an acid and                  

an alkali. 

During neutralisation a new substance called    

a salt is made. Water is also made in the                                                  

neutralisation reaction. To remove the water                                          

we heat the liquid made in neutralisation. 

 

Evaporation 

To evaporate the liquid it is placed in        

an evaporating basin and heated with 

a  Bunsen burner. The liquid             

evaporates and turns into steam. 

A solid is left in the basin. This is the 

salt made in the reaction.  

 

Salts 

The name of the salt made in a neutralisation depends  

on the acid and alkali used to make the salt. 

When sodium hydroxide reacts with hydrochloric acid  

the salt made is sodium chloride. 

 

 

 

acid 

alkali 

Neutralising an acid 

with an alkali. 

Evaporating the   

solution 

Salt water 

Sea water contains lots of              

dissolved salts. The most              

common salt in sea water is             

sodium chloride. Other salts in 

sea water are magnesium sulfate 

and calcium sulfate. 

Swimming in a solution 

Bunsen 

burner 

Evaporating 

basin 
Solution 

Crystals of sodium chloride 

Different salts 

have different 

crystal 

shapes. 

All acids contain 

hydrogen, the 

lightest element. 

Hydrogen used to 

be used in air-

ships. 
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Naming salts 
Chlorides 

The name of a  salt tells us about the                     

acid it comes from. 

Hydrochloric acid makes chlorides, 

e.g.  

sodium chloride 

calcium chloride. 

 

Nitrates 

The salts of nitric acid are called      

nitrates. Sodium nitrate is an        

essential part of the gunpowder 

used in fireworks. Other nitrates are 

potassium nitrate which is used in 

fertilisers 

 

Full names 
 
If we look at the names of the salts mentioned above we see 

that the first part of a salt’s name is that of a metal.                  

Potassium, sodium, iron, magnesium and calcium are all          

metal elements. 

The metal part of a salt comes from the substance used to           

neutralise the acid. 

If sodium hydroxide is used to neutralise nitric acid then the  

salt made is sodium nitrate. 

Cooking salt- sodium chloride. 

Sulfates 

Sulfuric acid forms salts called  

sulfates. A common sulfate is the 

plaster used to set broken arms and 

legs. It has the chemical name 

calcium sulfate other salts of sul-

furic acid are magnesium sulfate 

and iron sulfate. Calcium sulfate - plaster cast 

Fireworks using sodium nitrate 

Rock salt, sodium 

chloride, helps 

melt ice on roads. 

Ancient ink             

contained the salt 

from iron sulfate. 
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Carbonates 
Carbonates & Acids 

When chalk is added to an acid there                                                     

is a great deal of fizzing.  A gas                                                             

is made which turns lime water 

chalky. This gas is carbon                             

dioxide. Chalk is calcium carbonate. 

All carbonates react with acids to make carbon dioxide. 

 

When a carbonate reacts with an acid, three substances are made. 

These are  

1. A salt  2. water  3. carbon dioxide 

 

The name of the salt is the name of the metal in the carbonate 

added to the salt name from the acid. 

So when sodium carbonate reacts with hydrochloric acid the salt 

made is sodium chloride. The word equation for the reaction is 
 

sodium     + hydrochloric   —>   sodium   + water  +  carbon 

carbonate       acid             chloride                    dioxide

      

Or when copper carbonate reacts with nitric acid the salt made is 

copper nitrate. The word equation for the reaction is 
 

copper        +   nitric   —>  copper   + water   +  carbon 

carbonate     acid   nitrate                      dioxide 

 

Carbonate rocks and acid rain 

The building on the right is made of                                                 

marble and is over 2,500 years old.                                                

Marble is a type of calcium carbonate.                                                 

It is worn away by acid rain.  

 

Carbonate medicine 

The medicine on the right contains a mixture 

of magnesium carbonate and calcium                                              

carbonate. It is used to neutralise acid in our 

stomachs. 

Acid Chalk 

Chalk (calcium carbonate) 

reacting with acid 

Carbonate medicine 

The Taj Mahal is 

made of marble, a 

carbonate which is 

eaten away by   

acid rain. 

Many ‘white’ 

cliffs are made of 

chalk– calcium                  

carbonate. 
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Acid rain 
Fossil fuels 
 

Fossil fuels all contain the element 

carbon. When the fuel burns the  

carbon reacts with oxygen to make 

carbon dioxide. The fuels also      

contain the element sulfur. When   

the fuel burns the sulfur reacts with     

oxygen to make sulfur dioxide. 

Both sulfur dioxide and carbon       

dioxide are gases which dissolve in                                                

rain water to make acid rain. 

 

 
 

 
 
 
 
 
 
 
 
 

 

Effects of acid rain 
 

Acid rain has various damaging effects: 

1. It damages buildings made from          

carbonate rocks like limestone 

2. It damages steel 

3. It slows plant growth 

4. It can poison fish 

A coal burning power station 
which produces the acidic gases 
carbon dioxide and sulfur dioxide. 

Sparking air 

When air is sparked the nitrogen  

and oxygen react together to           

make the acidic gas nitrogen           

dioxide. This sparking happens in  

car engines. The exhaust from a        

car contains nitrogen dioxide which     

dissolves in rain to make acid rain. 

Treating acid rain 
 

Acidity in lochs or farmland can be           

treated by adding carbonate rock to 

the loch or soil to neutralise any 

acidity. 

Nitrogen reacting with oxygen 

Neutralising acid soil 

Air 

Spark 

The effect of acid rain on              
carbonate rocks  

The sphinx, an 
ancient           
monument 
made of             
carbonate rock, 
wearing away 
from acid rain. 

Acid rain can   
poison forests. 

Nitrogen           
dioxide from 
car exhausts 
causes acid 
rain. 
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Reactions of Metals 
Metals and water 
 

When calcium is added to water there are  

many signs of a chemical reaction. 

The water fizzes as a gas is made.  

The gas burns with a pop-it is hydrogen. 

The water gets very warm- chemical energy                                                               

is being changed into heat energy during the                                         

reaction. Not all metals react with water. 

 

A reactivity series 
 

We can use the metal- water reaction to make up a reactivity       

series for metals. Only 4 of the metals used in our labs react 

with water. Potassium reacts rapidly with water, so much      

energy is produced that the potassium burns. Sodium also    

reacts rapidly with water- though it produces less energy         

than potassium does. 
 

Metals reacting with water: 

 

 

 

 

 

 

 

 

 

 

 

 

Calcium reacts with water and magnesium reacts slowly. In all 

cases hydrogen gas is made. So Potassium is more reactive 

than sodium. We can make a reactivity series:  
 

potassium —> sodium —> calcium —> magnesium  

most          least 

reactive                                  reactive 

Hydrogen 
burning 

Hydrogen   
is given  
off 

Water 

potassium 

sodium 

calcium 

magnesium 

aluminium 

iron 

tin 

copper 

mercury 

gold 

Calcium reacting 
with water 

H2O 
Water has the 
chemical formula 
H2O. This shows 
that in water 
there are two 
atoms of            
hydrogen for 
every one atom 
of oxygen. 

NaOH 
When sodium 
reacts with            
water it makes 
sodium           
hydroxide and 
hydrogen.          
Sodium           
hydroxide has 
the formula 
NaOH.  

Some Alkali  
Metals (group 1 
metals) react 
explosively with 
water. 
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Metal and water reaction 
 
On page 42 we saw that calcium is one of the                                   

few metals which reacts with water. 

Hydrogen gas is one of the products of the                                        

reaction.  

The general word equation to represent the     

reaction when a metal reacts with water is: 

metal  +  water  —> metal hydroxide  + hydrogen 
 

When the solution left in the test tube above was tested with         

universal indicator it was found to be an alkali. 

It was is a solution of calcium hydroxide. 
 

A word equation for the reaction is  
 

calcium + water  —> calcium hydroxide + hydrogen. 

Calcium hydroxide is an alkali. In fact all hydroxides are alkalis. 

 

Group One- The alkali metals 
 

On page three we saw that elements in the same group 

in the periodic table have similar chemical properties.  

Group one show this very well. All of the group one  

metals react with water to produce an alkali and        

hydrogen, because of this they are known as the alkali 

metals. 

The further down the group the more reactive the       

metals are with water. Lithium, at the top of the group  

fizzes quietly in water, the reaction is: 
 

 

lithium+ water  —> lithium hydroxide + hydrogen 
 

Potassium in the middle burns brightly in water, whilst              

caesium at the bottom of the group explodes on contact with     

water. 

Potassium is very reactive with water. Again hydrogen 

is made when potassium reacts with water. The solu-

tion left behind is strongly alkaline-it is a solution of 

potassium hydroxide. The word equation for the reac-

tion between potassium and water is: 

potassium+water —>potassium hydroxide+hydrogen 

Calcium reacting 
with water 

Lilac 
flame 

Potassium 
in water 

Aluminium is the 
main metal used          
to make aircraft             
because it is so 
light. 

Titanium is the 
metal used to 
make military jets 
as it is stronger 
than aluminium. 
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Metals and acids 
 
The general word equation to represent the reaction when a 

metal reacts with an acid is: 

metal  +  acid  —> salt + hydrogen 

 
 

 
 

 
 

Another reactivity series 
 

We can use the reaction between metals and acid to get more    

information about the reactivity series.  

Potassium, sodium, and calcium react violently with acid. When   

we put other metals into water we find the results below. 
 

Metals reacting with acid: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This shows that magnesium is more reactive than aluminium, 

which is more reactive than zinc. 

We get the following reactivity series: 

 
Magnesium —> aluminium    —> zinc     —>   iron —>    tin 
most reactive                    least reactive 
 
The metals copper, mercury, silver and gold do not react with ac-

When magnesium is added to a test tube of acid 

the mixture fizzes- a gas is made in the reaction. 

The solution in the test tube gets warm-another 

sign that a chemical reaction is happening. 

The chemical energy in the magnesium and acid is 

being changed into heat energy. The gas produced 

burns with a pop. This means that it is hydrogen. 

Hydrogen 
is given off Hydrochloric acid 

magnesium 

aluminium 

zinc 

iron tin 

lead 

copper 

mercury 

silver 

gold 

H2SO4 
Sulfuric acid has 
the chemical      
formula H2SO4. 
This shows that it 
contains two         
atoms of           
hydrogen, 1 atom 
of sulphur and 4 
atoms of oxygen. 

Our stomachs  
contain acid to 
help digest food. 
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Metals and acids- reaction 

 

We know that when magnesium is added to a 

test tube of sulfuric acid the mixture fizzes-                                

a gas is made in the reaction. The gas produced 

burns with a pop. This means that it is                      

hydrogen. The solution left behind can be          

evaporated to produce a salt - magnesium sulfate. 

The word equation for the reaction is: 
 

magnesium + sulfuric  —> magnesium  + hydrogen                

       acid   sulfate 

 

If magnesium is added to hydrochloric acid a similar reaction      

occurs- this time the salt produced is magnesium chloride.               

The word equation for the reaction is : 
 

magnesium + hydrochloric —> magnesium  + hydrogen

                acid        chloride 

 

Similarly, if zinc is reacted with sulfuric acid then zinc sulfate          

and hydrogen are produced. 
 

zinc + sulfuric acid  —>  zinc sulfate  +  hydrogen 

 

Zinc also reacts with hydrochloric acid, again hydrogen gas is 

made. The salt made in this reaction is zinc chloride 
 

zinc  +  hydrochloric acid  —>  zinc chloride  +  hydrogen 

 

 

 

 

 

 

 

Lead in Water 
 

Ancient water pipes were made from the element 

lead. This was not a good idea as the some of the 

lead from the pipes dissolved in the water. This may 

seem odd as lead does not react with water. In fact 

water is naturally slightly acidic. The lead reacted 

with the acid in the water. Lead is a poisonous 

chemical. Modern water pipes are made from copper 

which is much safer. 
Modern water pipes are 
made from copper 

Metals are used in 
many things.    
Metals are good           
conductors of 
electricity. 

Metals can usually 
be hammered into 
new shapes. 



 

    St. Ninian’s High School                                                         50                                                       S2 Chemistry pupil notes  

Reactions of metals 
 
Metals and oxygen 
 
The general word equation to represent the 

reaction when a metal reacts with oxygen is: 

metal  +  acid  —> metal oxide 
 

When a piece of magnesium is held in tongs and heated in a        

Bunsen flame it burns brightly to form a white powder. This     

powder is a compound of magnesium and oxygen. The two elements 

have joined to make a new substance called magnesium oxide. The 

word equation for the reaction which occurs is: 
 

 magnesium  +  oxygen  —> magnesium oxide 
 

All metals react with oxygen. For example a copper metal slowly turns 

black. The copper has reacted with oxygen to make copper oxide. The 

equation for the reaction is: 
 

 copper  +  oxygen  —> copper oxide 

 

A reactivity series 
 

Some metals react faster with oxygen than others and give out more 

energy when they react. An example can be seen with the metals 

copper, iron, and magnesium. If copper is heated and put into a jar of 

oxygen the copper turns black- there is no sign that energy is          

released. The copper has reacted with the oxygen to make copper  

oxide. 

 

 

 

 

 

 

 

When hot iron is put into oxygen, the iron glows brightly. Hot            

magnesium burns with a pure white bright flame releasing a 

great deal of energy. We can say that magnesium is the most reactive 

of the three metals and copper is the least reactive. 

Heating magnesium       
changes it into           
magnesium oxide. 

No sign 
of heat 

Glows 
red hot 

Intense 
light 

Copper Iron Magnesium 

MgO 
Magnesium 
oxide has the 
formula MgO. 
This tells us 
that it contains 
one atom of 
magnesium 
joined to one 
atom of          
oxygen. 

Fe2O3 
Iron oxide has 
the chemical  
formula Fe2O3. 
This tells us that 
for every two 
atoms of iron 
there are three 
atoms of           
oxygen. 
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Skills Developed in S2 Chemistry 
 

Through your work in S2 Chemistry you will develop a great 
number of scientific skills: 
 
 
Inquiry and investigative skills 
 

Individually or as part of a team, you will: 

 

• help to plan and design investigations. This will involve identifying aims,   

predictions and hypotheses. You will become familiar with independent,     

dependent and controlled variables. You will also be work with your peers to 

identify measurements, apparatus and methods to 

use to perform experiments.  

 

• consider safety measures needed when carrying out 

practical work.  

 

• perform control experiments to improve the validity 

of your results.  

 

• analyse, interpret and evaluate your results. 

 

• select suitable methods to record your results e.g. results table, a summary, 

a conclusion.  

 

• become familiar with scientific language, units and scales, 

particularly when drawing tables and graphs.  

 

• identify trends and relationships between the independent 

and dependent variables and links to the original hypothesis.  

 

• relate your findings to knowledge and understanding from classwork.   

 

• write conclusions based on your experimental results.  

 

• evaluate your practical work and suggest at least two ways of improving the 

method.  
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Skills Developed in S2 Chemistry 
 

• present experimental results in different formats, for example, tables, charts, 

diagrams and graphs and using suitable scales and units.  

 

• communicate your findings effectively in a range of ways, for example, orally 

(presentations to your peers) and through scientific report writing.  

 

 

Scientific analytical thinking skills 

 

Individually or as part of a team, you will: 

 

• discuss unfamiliar concepts and think analytically and creatively 

to solve problems and provide solutions.   

 

    

 

Skills and attributes of scientifically literate citizens  

 

Individually or as part of a team, you will: 

 

• consider, discuss and debate the impact of chemistry and science on society 

and the moral and ethical implications of some scientific developments, 

demonstrating respect for the views of others.  

 

• express informed views about topical scientific issues, 

including those featured in the media.  

 

• demonstrate an increased awareness of technologies 

and inventions in chemistry science. 

 

• demonstrate the relevance of science to your future in terms 

of a range of careers and occupations, including science, 

technology, engineering and mathematics (STEM) careers.    


