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Introduction

'Matter' is the name that scientists give to anything that has mass.

Scientists also use the word 'substance'. This means a particular type of matter that you can put a name to. Salt is a substance, and so is water. Light is not a substance, because it isn't matter and has no mass.

Chemistry involves studying the properties of substances. If you know the properties of a substance, you can say what it should be used for - and how it might be changed.

All matter around us is made up of particles.  These particles are incredibly small.

· A penny contains about 34, 000, 000, 000, 000, 000, 000, 000 particles.

· A raindrop is made up of 1, 000, 000, 000, 000, 000, 000, 000 particles.
States of matter

We are surrounded in everyday life by an enormous variety of matter. 

Matter exists in three different forms or states; solid, liquid and gas.
Almost any substance can exist in each of the three states depending on temperature and pressure.
Solids, liquids and gases behave in different ways because of the arrangement of the particles in them.

Solid - In a solid the particles are packed tightly together.  They cannot move around, but they do vibrate in their fixed positions.  They have strong forces holding them in place.
[image: image13.bmp]
Liquid - In a liquid the particles are very closer together.  They are not in fixed positions and can move around and slide over each other.   The forces between particles are weaker than they are in solids.
[image: image2.png]



Gas - In a gas the particles are  far apart.  They move around very fast . The forces between particles are very weak.
[image: image3.png]



We call the way a substance behaves its properties.  The properties of solids, liquids and gases are looked at below.

	
	Solid
	Liquid
	Gas

	Shape


	Solids have a definite shape
	Liquids take up the shape of the container 
	Gases take up the whole shape of the container.

	Volume


	Solids have a definite volume.  
Very difficult to compress
	Liquids have a definite volume.  
Difficult to compress
	Gases do not have a definite volume.  
Can be compressed. Expand to fill the shape of their container.


Change of State

[image: image11.bmp][image: image12.bmp]




A given pure substance will always melt at the same temperature.  This is said to be its melting point.  In the same way, the temperature at which a particular substance changes from liquid to gas is said to be its boiling point.




If a substance is at a temperature below its melting point it will be in the solid state.    
If a substance is at a temperature between its melting point and boiling point, it will be in the liquid state.  
A substance will be in the gaseous state if it is at a temperature above its boiling point.  

Some substances, such as iodine can turn directly from solid to gas when heated.  This and the reverse process, turning directly from gas to solid on cooling is said to be sublimation.

The table below summaries the energy changes involved in the different changes of state.

	Change of State


	Energy Change
	Reason for energy change

	Solid ( Liquid
	Energy taken in as heat
	Extra Energy needed to break bonds between the particles in the solid

	Liquid ( Gas
	Energy taken in as heat
	Extra Energy needed to break the forces between the particles in the liquid

	Liquid ( Solid
	Energy given out as heat
	Energy given out as particles bond together in the solid

	Gas ( Liquid
	Energy given out as heat
	Energy given out as particles bond together in the liquid


Predicting States of Matter

Below are the melting and boiling points of some common substances;

	Substance
	Melting point oC
	Boiling point oC

	Nitrogen
	-214
	-196

	Ethanol
	-117
	+78

	Oxygen
	-219
	-183

	Ammonia
	-78
	-33

	Mercury
	-39
	+357

	Iron
	+1539
	+2887

	Sodium chloride
	+801
	+1420

	Sodium
	+78
	+890


If we assume that room temperature is 20 oC, a substance will be solid at room temperature if both the melting and boiling points are above 20 oC. Therefore we can see that, in the table above, iron, sodium and sodium chloride are all solids.

A substance will be liquid at room temperature if the melting point is below 20 oC and the boiling point is above 20 oC. Therefore we can see that, in the table above, ethanol and mercury are both liquids.

A substance will be gas at room temperature if both the melting and boiling points are below 20 oC. Therefore we can see that, in the table above, nitrogen, oxygen and ammonia are all gases.
State Symbols
It is often helpful to show the physical state of each substance. 
To do this we use State symbols (in brackets) after each formula:

(s) = solid; (l) = liquid; (g) = gas; (aq) = aqueous (dissolved in water).
Example

2Al(s) + 6HCl(aq) (  2 AlCl3(aq) + 3 H2(g)

Heating Curves

If a substance is heated and its temperature measured, the following graph would be obtained. 

                                                                                                             Gaseous sate

                                                                                           Boiling
                                                                Liquid state

 

                                                          Melting
                               Solid state

  

At (a) the temperature increases and the particles gain energy and vibrate more vigorously.
At (b) the temperature stays constant as the change of state from solid to liquid occurs. 

The energy supplied is used to break the forces between the particles and release the particles from their fixed positions. This energy is used to supply the particles with the extra energy needed to change state.
At (c) the the temperature increases and the particles gain energy and vibrate and move around more vigorously in the liquid.
At (d) the temperature stays constant as the liquid turns to gas and the energy supplied is used to break the forces between the particles and so they escape completely from the remainder of the liquid particles.
Kinetic Theory

The properties of solids, liquids and gases can be explained by kinetic theory.

Kinetic theory states that matter is made of tiny particles that move all the time. 

The main points of the theory are;

· All matter is made of tiny, invisible, moving particles.

· The particles move all the time. The higher the temperature the faster they move.

· Heavier particles move more slowly than lighter ones at a given temperature.

Diffusion

As the particles of liquid and gas are constantly moving.the particles can mix and spread without being stirred.  A strong smell can move through a room in this way.  This process is called diffusion. Diffusion can be seen when orange liquid bromine is placed in a gas jar containing air. 
The bromine particles continually hit air particles in the gas jar and so have a very jerky journey through the jar. They move in a very random motion called Brownian motion.

[image: image4.emf]


BROWNIAN MOTION - The constant random movement of tiny particles caused by collision with (invisible) air or water molecules, which are themselves in continuous and random motion.
Experiments using gases diffusing in a tube are used to examine the motion of the particles.
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Ammonia and hydrochloric acid particles move under Brownian motion as they hit air particles in the tube. When they meet white fumes (ammonium chloride) form.

As the ammonia travels farthest along the tube;

· The ammonia particles move faster than hydrochloric acid particles.

· The ammonia particles are lighter than the hydrochloric acid particles.

Diffusion can also be seen in liquids.  When a crystal of potassium manganate(VII) is placed in water, the particles first of all dissolve and then diffuse through the liquid. 

Elements
Everything around us is made up of atoms.  
Atoms are very tiny particles; there would be a hundred million atoms across the centre of a penny.

There are 92 different types of atoms that occur naturally.  A substance which is made up of only one type of atom is called an element.  So there are 92 natural elements.

Definition of “element”









Elements are divided into two classes - metals and non-metals.
Physical and Chemical Properties of Metals








Physical and Chemical Properties of Non-Metals









ATOMIC THEORY

Atoms

This theory (first stated between 1800 and 1810 by John Dalton) assumes that all elements are made up of "atoms".  If you were to divide a lump of an element into smaller and smaller pieces you would eventually come to a piece that could not be divided any further - a single ATOM of the element.

Dalton also assumed that atoms cannot be created or destroyed : and that each element has its own kind of atom, all the atoms of any one element being identical with each other in size and mass, but being different from the atoms of all other elements.  We know that atoms can in fact be split by "nuclear fission" (though not by ordinary chemical processes): but when this happens you no longer have the same element you started with.

Definition:
An atom is the smallest particle of an element that can exist or take part in a chemical change.
The size and mass of an atom
Atoms are incredibly tiny particles.  In a piece of the element carbon the size of a lump of sugar there are roughly 1023 (100,000,000,000,000,000,000,000) atoms.  The diameter of an atom is of the order 10-8 cm (0.1 nm).  The mass of a carbon atom is roughly 2 x 10-23 gram.

Molecules

All elements are made up of atoms.  In some gaseous elements (e.g. argon) single atoms move around freely.  But in other gaseous elements, single atoms cannot exist on their own at ordinary temperatures: in these elements the free-moving particles consist of pairs of atoms.  The two atoms forming a pair (a MOLECULE) are joined together by a chemical "bond".  This is the case with hydrogen (H2), oxygen (O2) and nitrogen (N2). Such substances are said to be diatomic.
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Gaseous Argon Atoms Gaseous Chlorine Molecules

Ar

Cl

2


In the vapours of some of the non-metal elements which are solids at room temperature, more than two atoms may join together to form a molecule.  Thus sulphur vapour has molecules containing eight atoms (S8), and phosphorus vapour contains (P4) molecules.  (These molecules also exist in solid sulphur and phosphorus).

Atomic structure

An atom has two main parts – the nucleus – the very small centre, and the electron cloud region.




The Nucleus
The nucleus contains two types of particle; protons and neutrons.



1) Atoms of all elements are made up of three fundamental particles: electrons,

protons and neutrons.

2) The atoms of different elements have different, unique, numbers of protons.
The properties of the three fundamental particles that make up atoms are shown in the table below.
	Particle
	Relative Mass
	Relative charge

	Proton
	1
	+1

	Neutron
	1
	0

	Electron
	1/1840 (negligible)
	–1


  The structure of a particular atom can be found from two numbers that each atom has 
· The atomic number (called the Proton number in Physics) is the number of protons in an atom
· The mass number is the sum of the protons and neutrons.
In a neutral atom the number of electrons must equal the number of protons, so that the positive and negative charges balance.

For example sodium:                           Mass number  (  23
                  Na

                        

            
 Atomic (proton) number (11 

· The number of protons = atomic number 



= 11
· The number of neutrons = mass number - atomic number = 23-11 = 12

· The number of electrons = atomic number



= 11
Further Examples

	Atom
	Atomic number
	Mass number
	Number of protons
	Number of neutrons
	Number of electrons

	Helium
	2
	4
	2
	2
	2

	carbon
	6
	12
	6
	6
	6

	nitrogen
	7
	14
	7
	7
	7

	chlorine
	17
	35
	17
	18
	17

	titanium
	22
	48
	22
	26
	22

	iron
	26
	56
	26
	30
	26

	silver
	47
	108
	47
	61
	47

	gold
	79
	197
	79
	118
	79

	lead
	82
	207
	82
	125
	82


The number of protons in an atom determines what type of atom it is.  
For example an atom with 16 protons will always be an atom of sulphur.
Sometimes atoms of the same type have different numbers of neutrons.  
This means that although they have the same atomic number, they will have different mass numbers.  

Chlorine for example has two types of atom chlorine-35 and chlorine-37.  
      Chlorine-35   




  Chlorine-37

Mass number  (  35



Mass number  (  37
                            Cl                                    Cl
Atomic number ( 17                                           Atomic number ( 17

Chlorine-35 and Chlorine-37 are called isotopes.

Definition of “isotopes” - Isotopes are atoms of the same element with the same number of protons but with different numbers of neutrons.
A sample of chlorine contains a mixture of 75% chlorine-35 and 25% chlorine-37 and has a mass (RAM) that is the average of the masses of the isotopes (weighted according to the % of each isotope).

Chlorine therefore has a relative atomic mass (RAM) of 35.5.
(RAM can be thought of as the mass of an “average atom”).

The electronic structure of the atom
Electrons in atoms are arranged in energy levels (shells).   
The energy levels fill from the inside. Only when one level is full will the electrons start going into the next energy level out.

The first energy level can hold two electrons.

When this is full – has two electrons in it, the next electron has to go into the second energy level out.

The second energy level can hold eight electrons.

After the third energy level has 8 electrons, any other electrons are placed in the fourth energy level.






Thus Lithium  Li (with three electrons) will have two in the first energy level, and one left over in the second.  We write this arrangement 2:1   
Fluorine  F (has nine electrons) – The arrangement will be 2:7 
Magnesium Mg (12 electrons) will be 2.8.2, and potassium K will be 2.8.8.1.

We can show this in a diagram, for example for magnesium:




                    12Mg:   2.8.2



Full structures of atoms
When drawing full structures of atoms it is important to remember to show the number of protons and neutrons in the nucleus as well as the electron energy levels.
e.g. Draw the structure of sodium.  Atomic number = 11.  Mass number = 23



The Periodic Table
The Basic Arrangement
The Periodic Table is a way of presenting the elements in a systematic way.
When the elements are placed in order of their atomic number and their properties looked at, a pattern can be seen.

	H

1


	He

4
	Li

7
	Be

9
	B

11
	C

12
	N

14
	O

16
	F

19
	Ne

20
	Na

23
	Mg

24
	Al

27
	Si

28
	P

31
	S

32
	Cl

35
	Ar

40
	K

39
	Ca

40



      Reactive metals                      Reactive non-metals                      Unreactive gases 
The elements with similar properties are then placed in the same column.

Groups and Periods





Metals and Non-metals
In the Periodic Table the metals appear on the left and the non-metals on the right.

	
	
	
	H
	
	
	
	He

	Li
	Be
	
	
	
	B
	C
	N
	O
	F
	Ne

	Na
	Mg
	
	
	
	Al
	Si
	P
	S
	Cl
	Ar

	K
	Ca
	Sc
	Ti
	V
	Cr
	Mn
	Fe
	Co
	Ni
	Cu
	Zn
	Ga
	Ge
	As
	Se
	Br
	Xe

	Rb
	Sr
	Y
	Zr
	Nb
	Mo
	Tc
	Ru
	Rh
	Pd
	Ag
	Cd
	In
	Sn
	Sb
	Te
	I
	Kr

	Cs
	Ba
	La
	Hf
	Ta
	W
	Re
	Os
	Ir
	Pt
	Au
	Hg
	Tl
	Pb
	Bi
	Po
	At
	Rn



Metals                          Non-metals
Atomic Structure and the Periodic Table
The number of electrons in the outer energy level is the same as the group number of the element  in the Periodic Table.


e.g. Group 1

Li
2:1







Na
2:8:1







K
2:8:8:1

Similarly elements in group 3 always have three electrons, and elements in group 7 have seven electrons in their outer energy level. 

The number of electron energy levels is the same as the period number of the element in the Periodic Table.
Elements, Compounds and Mixtures 

An ELEMENT is a substance made from only one type of atom.  This means that it cannot be broken down into two or more simple substances by means of a chemical reaction.
A COMPOUND is a pure substance made of different types of atom that have been chemically joined together in a fixed proportion.
A MIXTURE is made of at least two substances together that have not been chemically combined.
If we know that a “substance” contains certain elements, it may be difficult to decide whether these are just mixed together – as in air – or combined, as in copper sulphate crystals. To help decide, we may consider the following.

	
	Compounds
	Mixtures

	1
	Proportions of elements are fixed.
	Proportions of the different substances may vary.

	2
	Properties different from those of the elements used to make the compound.
	Properties are those of the separate substances in the mixture.

	3
	Cannot be separated into elements without a chemical reaction.
	Can be separated by a physical change (e.g. dissolving one of the substances) or by a simple method (e.g. using a magnet to separate iron).

	4
	There is usually a significant energy change when a compound is made from its elements.
	There is usually no significant energy change when substances are mixed.


e.g.


Hydrogen and oxygen combine to form water.  Water is a compound.
It is not easy to separate water into hydrogen and oxygen.
Sodium and chlorine combine to form sodium chloride or salt. Salt is a compound.
Salt dissolves in water to form salt solution. This is an example of a mixture.  
When salt solution is heated, or left for some time, the water evaporates leaving the salt.  So this mixture can be separated again fairly easily.

Molecules
When atoms join together, the group of combined atoms is called a molecule.
Molecules may contain atoms of the same type or of different types.
· When molecules contain atoms of the same type – these are molecules of an element. 

· When molecules contain atoms of different type – these are molecules of a compound. 

Examples of elements, mixtures and compounds














Chemical Formulae

Symbols are used to represent elements.

Formulae are used to represent compounds.  
A chemical formula shows the number of each type of atom in a molecule of a substance by writing the number in subscript after the symbol.  If there is only one atom of an element in the molecule, then just the symbol (without any number) is written.

Examples

· Water contains 2 hydrogen atoms and 1 oxygen atom in each molecule.


Formula is H2O 

· Ammonia contains 1 nitrogen atom and 3 hydrogen atoms in each molecule.

Formula is NH3
· Nitric acid contains 1 hydrogen atom, 1 nitrogen atom and 3 oxygen atoms in each molecule. Formula is HNO3
· Sodium sulphate contains 2 sodium atoms, 1 sulphur atom and 4 oxygen atoms. 
Formula is Na2SO4
· Glucose contains 6 carbon atoms, 12 hydrogen atoms and 6 oxygen atoms in each molecule. Formula is C6H12O6
· Butane gas is made up of two elements – each molecule of butane contains 4 carbon atoms and ten hydrogen atoms. Butane is given the chemical formula  C4H10

[image: image7.emf]A
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A molecule of butane


Sulphuric acid (a liquid) is made up of three elements - each molecule of sulphuric acid contains 1 sulphur atom, 4 atoms of oxygen and two hydrogen atoms. 
Sulphuric acid is given the chemical formula  H2SO4
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A molecule of Sulphuric acid


Naming Compounds

Naming a compound - Name the metal or hydrogen first e.g. sodium chloride (NaCl).

· Compounds containing just two elements have a name ending in –ide. 

e.g. sodium oxide Na2O;  zinc sulphide ZnS;  calcium nitride Ca3N2.
Compounds containing a hydroxide group also have names ending in –ide.
e.g. sodium hydroxide, NaOH.
· Compounds ending in -ate contain more than two elements, one of which is oxygen. 

e.g. potassium nitrate KNO3;  calcium carbonate CaCO3.
Working out Chemical Formulae

The chemical formula of a substance is fixed. e.g. Water is always H2O and gives the proportions of the different elements in the compound.
Chemists use valency (combining power) to work out the formulae of compounds.

Rules for writing formulae:

· If the valencies (combining powers) of the species in the compound are the same, one of each combine to form the compound.
e.g. Hydrogen chloride
contains hydrogen (H) and chlorine (Cl)


         H                         Cl        


        Valency (combining power)   (1)                        (1)


Formula of hydrogen chloride is   HCl
e.g. Magnesium oxide  
contains magnesium (Mg) and oxygen (O)


            Mg                         O        


        Valency (combining power)        (2)                        (2)




Formula of magnesium oxide  is   MgO
· If the valencies (combining powers) are different, we use the “cross-over” rule and swap the two numbers round. 

· Note – The numbers are written as subscripts, after the atom concerned.
        We omit the number “1”, as it isn’t needed.
e.g.  Zinc chloride 
contains zinc (Zn) and chlorine (Cl)


        Zn                     Cl         


        Valency (combining power)   (2)                     (1)


                      “cross-over” the 1 to Zn and the 2 to the Cl




Formula of Zinc chloride is   ZnCl2
 Aluminium sulphide
contains aluminium (Al) and sulphur (S)


            Al                         S       


        Valency (combining power)       (3)                       (2)


                      “cross-over” the 2 to Al and the 3 to the S



Formula of Aluminium sulphide is   Al2S3
· We always write the formula in its simplest ratio.
      e.g. Lead(IV) oxide
Pb    O 
Pb2O4  becomes  PbO2  
                                               (4)   (2)           
· If (and only if) a group contains more than one atom, and the group needs to be multiplied by two or three then we must put brackets around the group of atoms.

e.g. Ammonium carbonate   contains ammonium (NH4) and carbonate (CO3)


                 NH4                        CO3



        Valency (combining power)             (1)                          (2)


                      “cross-over” the 2 to NH4 and the 1 to the CO3
                                  As we need 2 x NH4 we need to use brackets.



Formula of Aluminium sulphide is   (NH4)2CO3
  Ammonium nitrate
    contains ammonium (NH4) and nitrate (NO3)


                 NH4                        NO3



        Valency (combining power)             (1)                          (1)


                      “cross-over” the 1 to NH4 and the 1 to the CO3
                                  As we need only need one of each we don’t need to use brackets.



Formula of Ammonium nitrate is   NH4NO3
 Aluminium sulphate      contains aluminium (Al) and sulphate (SO4)


          Al                         SO4



        Valency (combining power)     (3)                          (2)


                      “cross-over” the 3 to SO4 and the 2 to the Al
                                  As we need need 2 x SO4 we need to use brackets.



Formula of Ammonium nitrate is   Al2(SO4)3
Common mistakes

(a) Omitting brackets:  not  Al2SO43 but Al2(SO4)3—  we need 3 x SO4.

(b) Putting in brackets when they are not needed:


not  Ca(SO4)  but CaSO4   — SO4 is not multiplied by anything;  


not Mg(Cl)2  but MgCl2  — Cl is only one atom so doesn’t need brackets.

(c) Putting numbers in front of groups: not 2Na SO4 but Na2SO4;  not Mg 2Cl  but MgCl2
      (Note – We only put numbers in front of chemical formulae when balancing equations).
Word equations
The changes taking place in chemical reactions can be shown by using word equations.

When a word equation is written, the starting materials, or reactants, are placed on the left, and the new materials formed, the products, are written on the right. 

     

REACTANTS                                PRODUCTS

Examples

1. When copper carbonate is heated it breaks up into copper oxide and carbon dioxide.



Copper carbonate    (   copper oxide + carbon dioxide

2. When sodium hydrogencarbonate is heated it breaks up into sodium carbonate, water and carbon dioxide.

Sodium hydrogencarbonate    (   sodium carbonate +  water +  carbon dioxide

3.  Calcium hydroxide reacts with carbon dioxide to form calcium carbonate and water.

 

Calcium hydroxide  +  carbon dioxide     (    calcium carbonate + water.

4.  Sulphuric acid reacts with sodium chloride to form sodium hydrogensulphate and hydrogen chloride.

Sulphuric acid + sodium chloride    (   sodium hydrogensulphate + hydrogen chloride.

Symbol equations

Just as symbols are used to represent elements and formulae are used to represent compounds, so chemical equations are used to represent chemical reactions.
As with word equations, reactants are placed on the left and products on the right of an arrow.

In a chemical equation, formulae are used to show the compounds and elements taking part in a reaction.  A chemical equation shows what is happening to each atom in a reaction, so each atom must be accounted for.  The numbers of atoms on the left and side and the right hand side of the equation must be equal.  To make the numbers of atoms on the left and right of the equations equal, the equation is balanced.
When balancing equations

1. Write in the correct formulae for the reactants and products.  NEVER CHANGE THESE.

2. Balance the equation by altering the number in front of the formula.

Example 


Al  +  HCl  (    AlCl3  +   H2 

Unbalanced
(a) First balance the Al:
Al  +  HCl  (    AlCl3  +   H2 

Al ok (1 each side)  

     (b) Then balance the Cl:
Al  + 3HCl  (   AlCl3  +    H2 

Cl ok (3 each side) 

     (c) Then balance the H:
Al  + 6HCl  (   AlCl3  +  3H2  

H ok  (6 each side)  

*NOT BALANCED overall

     (d) This changed Cl, so balance again for Cl:

         



Al  + 6HCl  (  2AlCl3  + 3H2 

Cl ok  (6 each side) 

*NOT BALANCED overall

      (e) This changed Al, so balance again for Al:

        



2Al  + 6HCl  ( 2 AlCl3  + 3H2 
BALANCED (2 Al each side)

Separation Techniques
The different substances in a mixture are not chemically combined, so a mixture can usually be easily separated out into its different parts.
On the 1st and 2nd year you learnt how to;
Separate an insoluble solid from a liquid by decanting or by filtration.
The liquid filtrate passes through, the undissolved solid residue stays on the paper.

Separate a soluble solid from a solution
The solid part of a solution is called the solute and the liquid part of a solution is called the solvent. 
· If only the solid is required, it is obtained by EVAPORATION. 
· If the solvent is required, it is obtained by DISTILLATION. 
Apparatus for Distillation












Note – The thermometer bulb should be at the level of the condenser.

The water enters the condenser at the bottom and comes out at the top
Separating a mixture of immiscible liquids

When two liquids do not mix (e.g. paraffin and water) they are said to be IMMISCIBLE.
Immiscible liquids are separated using a SEPARATING FUNNEL.






e.g. Oil and water are separated simply by running off the more dense liquid (water) by opening the tap.
Separating a liquid from a mixture of miscible liquids

When two liquids do mix (e.g. alcohol and water) they are said to be MISCIBLE.

Miscible liquids are separated by FRACTIONAL DISTILLATION
· The mixture is placed in a flask and heated.  
· The mixture boils. Vapours from both liquids pass into the fractionating column, but there is a higher proportion of the substance with the lower boiling point (the more volatile one). In the fractionating column they condense and reboil many times, each time with a higher proportion of the more volatile liquid.
· As a result of this, the vapour of the liquid which has the lower boiling point emerges from the top of the column first, in a pure state, and passes into the condenser.  
· When all of this liquid has distilled over, it is followed by the liquid having the higher boiling point.  
· The thermometer measures the boiling point of the liquid distilling over at any moment.

 Apparatus for Fractional Distillation












Chromatography

Chromatography is a method for separating several solids that are all soluble in the same solvent. 
Dyes (and other complex molecules) can be separated using chromatography.  

The dyes are placed at the bottom of chromatography paper.  This is then placed in a solvent, such as water.  As the water is drawn up the paper it moves the different dyes at different rates depending on their solubility.
Unknown dyes can be identified by the level to which they rise, as the same dye will be at the same level on a chromatogram.  The number of spots above the starting point tells us the number of dyes there were in the original sample. 



                                                                                                  Most soluble substance

           Starting point

                                                A   B    C

e.g. Samples A, B and C are all mixtures containing two substances (2 spots each).


Sample A contains the most soluble of the substances as it has the spot that moves 


farthest up the chromatography paper.
Rf values
Rf values are used to identify substances.

Rf =              Distance moved by the pigment (measure to the centre of spot)
                                                  Distance from pigment origin to solvent front
e.g. 

[image: image9.emf]S
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(drawn in pencil as ink 

will separate during 

chromatography)

Distance moved by spot

Distance moved by the solvent

Highest point reached by the solvent

(the solvent front)

                       

Physical and Chemical Changes

In a physical change, a substance remains the same substance but changes to a different state.

Examples of physical changes are melting and boiling.

A chemical change means that a chemical reaction occurs. In a chemical reaction, a substance is changed into a new, different substance.
Examples of chemical change are the burning of a material or rusting of iron.

	
	Physical change
	Chemical change

	
	e.g. melting ice; sugar dissolving
	e.g. burning magnesium, heating malachite

	1
	No new substance produced.
	New substance(s) formed.



	2
	Usually easy to reverse.
	Usually hard to reverse.



	3
	Energy change usually small.
	The reaction often gives out or takes in much heat energy.

	
	
	In an experiment, to identify a chemical change, look for permanent changes in appearance or properties, indications of large energy changes etc.


Chemical Change

Chemical changes (reactions) may be achieved in different ways:
· by mixing the reagents, if they are reactive enough.

(e.g. acid + alkali; or sodium + water).

· by mixing the reagents and heating (e.g. aluminium and sulphur).

· by passing an electric current through a solution (Electrolysis).
  (e.g. dilute sulphuric acid is decomposed into hydrogen and oxygen).

Common Chemical Reactions - part 1
Thermal decomposition

Thermal decomposition is the breakdown of a compound into simpler substances (but not usually into elements) by heating.
Example 1

Blue copper sulphate contains water within its crystal structure.  This is called water of crystallisation.  When any compound contains water of crystallisation, it is said to be hydrated.  When a hydrated compound is heated, it undergoes thermal decomposition and the water is driven off as steam.  The material formed without water within its crystals is said to be anhydrous.
When hydrated copper sulphate is heated, it turns from blue to white and gives off steam.  
The white solid formed is anhydrous copper sulphate. 
hydrated copper(II) sulphate + heat 
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 anhydrous copper(II) sulphate + water
                            blue solid
                                                         white solid
If water is added to the anhydrous copper sulphate it becomes hydrated and turns blue.  
This can be used as a chemical test for water or a liquid containing water.

Note – This is not the test for pure water, it is just indicates the presence of water.  
Example 2

When green copper(II) carbonate is heated it turns black and a colourless gas is produced that turns limewater cloudy.

copper(II) carbonate  (   copper(II) oxide  +  carbon dioxide

                          green powder              black powder        colourless gas

Combustion
Combustion (or burning) occurs when a substance reacts with air or oxygen, giving out enough heat to keep the reaction going.
Example -  
Methane + oxygen  (  water  +  carbon dioxide + energy
In combustion the material reacts with oxygen.
Combustion of elements

· When non-metallic elements burn they form oxides, which if soluble in water, form acidic solutions.
· When metallic elements burn they form oxides, which if soluble in water, form alkaline solutions.
If an atom of a substance joins with two atoms of oxygen on combustion, the product is called a dioxide.

Examples
	Element
	Metal/non-metal
	Name of product from burning
	Product dissolves?
	Nature of solution (Acid/alkali)

	Sulphur
	Non-metal
	Sulphur dioxide
	Yes 
	Acidic

	Carbon
	Non-metal
	Carbon dioxide
	Yes 
	Acidic

	Sodium
	Metal
	Sodium oxide
	Yes 
	Alkaline

	Aluminium 
	Metal
	Aluminium oxide
	No 
	None

	Iron 
	Metal
	Iron oxide
	No
	None

	Silicon
	Non-metal
	Silicon dioxide
	No 
	None

	Nitrogen
	Non-metal
	Nitrogen dioxide
	Yes 
	Acidic

	Calcium 
	Metal
	Calcium oxide
	Yes 
	Alkaline

	phosphorus
	Non-metal
	Phosphorus pentoxide 
	Yes 
	Acidic

	Selenium
	Non-metal
	Selenium dioxide
	Yes
	Acidic

	Potassium 
	Metal
	Potassium oxide
	Yes
	Alkaline

	Copper 
	Metal
	Copper oxide
	No 
	None


Oxygen in the air is made up of molecules containing two oxygen atoms.  
When chemical equations are written for combustion, the formula of oxygen used is O2 .

Examples

Carbon  +  oxygen             carbon dioxide

 C      +      O2                        CO2
Copper  +  oxygen             copper oxide

 2Cu     +      O2                      2CuO

Sodium  +  oxygen            sodium oxide

4Na  +        O2                        2Na2O
Testing the products of combustion
We can test the pH of the products. 
Non-metal oxides are acidic and metal oxides are basic (or alkaline if they dissolve in water). 

Tests for the presence of specific oxides.

	Oxide
	Test
	Result

	Hydrogen oxide (water)
	Boil and freeze
	Boils at 100oC, freezes at 0oC

	Carbon dioxide
	Bubble through limewater
	Limewater turns cloudy




Note - When describing a test always give the expected result.

Combustion of compounds

When a compound combusts each element in it combines with oxygen so compounds usually form more than one oxide product.
  Examples.  
	Compound
	Elements in compound
	Products of combustion

	Butane
	Carbon, hydrogen
	Carbon dioxide, water



	Phosphine 
	Phosphorus, hydrogen
	Phosphorus (pent)oxide, water



	Hydrogen sulphide
	Hydrogen, sulphur
	Water, sulphur dioxide



	Antimony sulphide


	Antimony, sulphur
	Antimony oxide, sulphur dioxide

	Ethene 
	Carbon, hydrogen
	Carbon dioxide, water




Equations
Hydrogen sulphide  + oxygen             water  +  sulphur dioxide

           2H2S             +  3O2                   2H2O   +        2SO2
                          ethene +  oxygen               water  +  carbon dioxide


                C2H4   +    3O2                  2H2O  +        2CO2
Affinity for Oxygen

Some elements combine with oxygen very readily in vigorous reactions.  
Such an element is said to have a high affinity for oxygen.  
Elements that do not join readily with oxygen are said to have a low affinity for oxygen.  
Metals can be placed into order according to their affinity for oxygen (see the reactivity series).
Oxidation and Reduction
Oxidation is the addition of oxygen to a substance. 
An oxidising agent helps bring about oxidation.
Reduction is the removal of oxygen from a substance. 

A reducing agent helps bring about reduction.

Example -  
Iron oxide + carbon  (  iron  +  carbon dioxide



 Oxidising     Reducing



    agent          agent

A substance that has undergone oxidation is said to have been oxidised.    
A substance that has undergone reduction is said to have been reduced.  

Clearly, if one substance in a reaction is oxidised, another must be reduced – oxidation and reduction therefore occur together. 
Reactions involving both oxidation and reduction are called redox reactions (red for reduction and ox for oxidation). 
Example
CuO   +   H2
(  Cu  +  H2O

CuO is reduced, H2 is oxidised

Metals are often obtained by reducing the metal oxide. 

The most common (and cheapest) reducing agents available are carbon and carbon monoxide, both obtained from coke (or formerly from charcoal).

Reduction with carbon is used for all except the most reactive metals.

Examples         2PbO   +   C
(  2Pb    +   CO2

C is the reducing agent.     

The PbO has been reduced.



The PbO is the oxidising agent.
The C has been oxidised.


          

  2CuO  +  C   (  2Cu  +  CO2
C is the reducing agent.     

The CuO has been reduced.



The CuO is the oxidising agent.
The C has been oxidised.
Hydrogen gas and methane are also capable of reducing metal oxides.


Lead oxide  +  hydrogen    (    lead  +  water


     PbO       +        H2                   Pb  +   H2O    

        Copper oxide  +  hydrogen    (  copper  +  water


     CuO       +       H2                   Cu     +    H2O    


Lead oxide  +  methane     (    lead  +  water  + carbon dioxide

                4PbO      +      CH4                 4Pb  +  2H2O  +       CO2    

Copper oxide  +  methane  (   copper   +  water  +  carbon dioxide

                 4CuO         +      CH4             4Cu      +  2H2O  +        CO2  

Displacement reactions

Since the atoms of some metals can form bonds with other atoms more readily than other metal atoms, it is possible for a reactive metal (to replace (displace) a less reactive metal in a compound).




In a displacement reaction the more reactive metal forms stronger bonds than the less reactive metals and so it is able to ‘push’ the less reactive metal out of its compound, thus displacing it.

Example - 
Copper sulphate + Zinc   (   Copper  +   Zinc sulphate

These are called metal displacement reactions.
One of two methods are commonly used;

· Heating a metal oxide mixed with a more reactive metal.  
· Placing a more reactive metal into the solution of a less reactive metal compound.

Examples of displacement reactions:

(a) Metals with water:    

2Na  +  2H2O(l)  
(   
2NaOH    +  H2



Sodium is more reactive than hydrogen so displaces H2 from water.



      


Zn    +   H2O(g)   
(   
ZnO         +  H2

                                   Zinc is more reactive than hydrogen so displaces H2 from steam.

(b)  Metals with acids:


Mg   +   2HCl  
            (  
 MgCl2      +  H2

Magnesium is more reactive than hydrogen so displaces H2 from acids.



     

         2Al   +   3H2SO4  
(   
Al2(SO4)3 +  3H2

Aluminium is more reactive than hydrogen so displaces H2 from steam.
(c) Metals with salt solutions

Zn    +   CuSO4  
(   
ZnSO4      +  Cu

Zinc is more reactive than copper so displaces Cu from copper salts.
2Al   +  3FeSO4  
(   
Al2(SO4)3 +  3Fe

Aluminium is more reactive than iron so displaces Fe from iron salts.
Aluminium

Aluminium is protected by a coating of aluminium oxide, which makes it seem less reactive than it really is. e.g. Aluminium will not react with cold acid. However, when it is heated the hot acid is able to react with, and remove, the protective layer. This exposes the pure metal which then reacts readily with the acid.
Aluminium a very useful material e.g. making aeroplanes and drink cans, because the oxide layer prevents the aluminium from reacting.
Reduction using Carbon or hydrogen.

A typical reaction would be as follows:

CARBON  +  METAL OXIDE       (       METAL  +  CARBON DIOXIDE
For this displacement reaction to work, the metal to be extracted must be less reactive than carbon.  
Carbon is placed between aluminium and zinc in the reactivity series, so zinc and metals below it can be extracted by using carbon.
Hydrogen will reduce the oxides of metals below hydrogen (i.e. CuO), but if heated strongly may also reduce oxides up to iron.
A typical reaction would be as follows:

HYDROGEN  +  METAL OXIDE       (       METAL  +  WATER
Hydrogen is more expensive than carbon, so reduction using hydrogen is less common on a large scale.

Corrosion of metals and Rusting
Corrosion of metals refers to the reaction of metals with oxygen and other gases in the air to form compounds with less useful properties.

Rusting is the commonest kind of corrosion and refers to the corrosion of iron.
Equation for rusting

Iron   + Oxygen  (    Iron(III) oxide




           

4Fe    +    3O2     (       2Fe2O3
For rusting to occur, oxygen, water and an exposed iron surface must be present.
(Sodium chloride is a catalyst for rusting. This means it speeds up the rusting process. This is why seawater is very corrosive).
Rusting can be prevented by preventing oxygen and water reaching the iron.  
The main methods for prevention of rusting are;

a)
Stopping air and water reaching the iron surface.

i)
Using oil or grease


ii)
Painting


iii)
Plastic covering (especially for wire)


iv)
Metal plating by metals less reactive than iron (e.g. tin and copper)

However if these surfaces are scratched, so that both the iron and the tin (or copper) are exposed to moist air, rusting will occur.

b)
Galvanisation.

When iron is dipped in molten zinc it is called galvanised iron. 
The zinc coating protects the iron because it keeps the air and water out. 
The coating of zinc corrodes very slowly because its oxide forms a protective film. 
However if the galvanised iron is scratched so that both the iron and zinc are exposed to moist air, it is the zinc which reacts with the oxygen more readily (as zinc is more reactive than iron).

The zinc therefore offers sacrificial protection and so rusting is prevented (for a while). 
Galvanising is therefore more effective than tin-plating, however, cannot be used for food cans, as zinc is toxic.

c)
Sacrificial protection by more reactive metals such as Mg and Zn.

Blocks of reactive metals are attached to the iron surface. 

The reactive metals react with the oxygen more readily than the iron. They offer sacrificial protection and so rusting is prevented for a while, until all the metal block has reacted. When it has it is simply removed and replaced with a new block. 
Rates of Reaction

The speed at which chemical reactions occur is of great importance in industry and everyday life. 
We often want to know how to speed up or slow down a reaction.


Common examples:

· Chemical weathering of rocks: very slow, speeded up by higher temperatures, higher concentration of acid in water.

· Rusting: a slow process, speeded up by moisture, salt and warm climate.

· Explosions. Accidental explosions in mines and in flour mills may be caused by the presence of very fine particles of solids, which react rapidly with the air. Ingredients for fireworks have to be ground up carefully, before mixing,

Rate of reaction


To compare rates of reaction on a sensible basis, we need to consider equal volumes of solution or gas. We do this by considering the concentration of a substance (how much is dissolved in one litre of solution).  If we consider the reaction between dilute hydrochloric acid and a large amount of marble chips, producing carbon dioxide:


       CaCO3(s)  +  2HCl(aq) 
(  CaCl2(aq)  +  H2O(l)  +  CO2(g)


As the reaction proceeds, the acid is used up, and more and more carbon dioxide is formed. 

We can plot the amounts of each on graphs:
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If we want to measure the rate of reaction after 5 minutes, we must draw a tangent to the curve, and measure the gradient. In this case the concentration of hydrochloric acid drops rapidly at first (steep gradient), and then more and more slowly. The carbon dioxide is being produced rapidly at first (steep gradient), and then more and more slowly. We can use either the reactant (substance reacting) or a product to measure the rate.

Rate  =                            1                         .
                                                               Time taken for an event to occur
Factors which affect rates

The main factors which affect how fast a reaction goes are as follows:
· the concentration of the reactants (or pressure if they are gases)

· the temperature of the reaction mixture

· the surface area of any solid reactants, or solid catalyst

· the presence of a catalyst.

We shall consider each factor in turn, and try to explain why it should have an effect. The scientific model we use for this is called collision theory. Molecules and ions need to collide before they can react, and we consider how varying these factors can change the ways in which they collide.

Surface and Rate
If a reaction involves a solid, it can only occur when molecules strike the surface. 
Therefore if there is a larger surface area, there will be more collisions in a set amount of time, and the rate will be faster. 

In general:  rate with large lumps  is less than   rate with small lumps   is less than  rate with powder.

If you are designing an experiment to show this, you must be careful to use the same mass of solid, the same temperature, and the same volume of acid. There should be an excess of solid, so most of it doesn’t get used up. The diagram below applies to a flask containing marble chips and acid on a balance: results like curve (c) might be obtained with large chips, and curve (d) with small chips.





Concentration and Rate
The concentration of a substance refers to the amount of substance dissolved in a given volume of solution.

The greater the number of particles in each cm3 of solution the greater the change of collisions between the particles involved in the reaction.
If we double the concentration, there will be twice as many particles in a given volume, and so twice as many collisions with each second. 

Although every collision does not lead to reaction, doubling the total number of collisions should double the rate of reaction. 

Note that if we add a larger volume of solution of the same concentration, the rate will be the same at first, but reaction will carry on for longer, and more gas will be produced at the end. 
A graph of rate against concentration of acid should be a straight line, going through the origin (line (a) in the diagram below). For gaseous reactants, the pressure is the most convenient measure of concentration.






Temperature and Rate
When we heat a reaction mixture up, the rate of reaction rises sharply (curve (b) above). 
For many reactions the rate will double if the temperature rises by 10oC, and then double again for the next 10oC rise. 

At a higher temperature the particles will have an increased energy. They therefore move around more quickly, and undergo harder collisions, leading to a higher rate.

Most chemical reactions involve breaking bonds, and this requires energy. 

The minimum energy which molecules must gain before they can collide successfully is called the activation energy. 

If the temperature is increased, the number of particles with an energy greater than, or equal to the activation energy increases. Therefore the number of successful collisions increases and the rate increases.

When a reaction mixture is heated up, the molecules move around more rapidly, and far more of them have enough energy to react. There is also a small increase in the number of collisions. Both factors mean that there are more collisions which lead to reaction, so the rate increases sharply.
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Catalysts and Rate
A catalyst is a substance which, when added in small amount, will speed up a chemical reaction, without itself being used up. 

Catalysts speed up reactions by providing an alternative route for the reaction that has a lower activation energy than the initial route.
Different reactions need different catalysts, which must be found by trial-and-error.

Manganese(IV) oxide, MnO2, catalyses the decomposition of hydrogen peroxide into water and oxygen:
       2H2O2  
(  2H2O  +  O2

Hydrogen peroxide is dropped onto the solid catalyst at room temperature, in a flask fitted with a tap funnel and a delivery tube.
Common Chemical Reactions - part 2
Neutralisation

When an alkali (or base) is added to an acid, the acid loses its properties and becomes neutral.  
This reaction is called neutralisation.  Often this reaction causes a temperature increase.  
When a reaction produces heat energy in this way, it is said to be exothermic.  

A reaction which takes in heat energy is said to be endothermic.
The pH scale

The pH scale is used to measure how strongly acidic or alkaline a solution is. 
Pure water is neutral, and has a pH of 7.

.           pH: 

  0     1     2     3     4     5      6      7       8     9     10    11    12     13   14    .
                                                                                                                                                       .
.                                   strong acid      weak acid         neutral     weak alkali             strong alkali .
                                                                                                                                                       .
universal indicator    
    red       orange               yellow     green         
blue          purple      .
         colour                                                                                                                                    .
To find the pH of a solution, universal indicator solution is added to it or universal indicator paper is dipped in it. Universal indicator contains a mixture of dyes which change colour at different pH’s.
The colour of the indicator is then compared with the above scale to give the pH number.

Litmus is a (lichen) dye that also acts as an indicator. It is normally used in solution or soaked onto paper (which must be moistened to be useful). 
It turns red in acid, and blue in alkali. 
When used as a test the colour change is important: if you use red litmus paper and it stays red, the substance tested could be acidic or neutral. Blue litmus turned red shows an acid, and red litmus turned blue shows an alkali. If you want to test for an acid, use blue litmus.
Acids, Alkalis, Bases and Salts
An ACID can be defined as;

a substance that contains hydrogen ions which can be replaced by a metal, 

and that in water has a pH less than 7.
All acids contain hydrogen ions, H+.

A BASE is a substance with a pH greater than 7. Bases reacts with acids to form compounds called salts, and water only. Bases are usually metal oxides or metal hydroxides. Most bases do not dissolve (are insoluble) in water.  Bases that dissolve in water are called alkalis.



The Reaction of Acids and Alkalis (soluble bases)
All acids contain hydrogen ions, H+.

Most alkalis contain OH- ions.
When an acid and an alkali react the H+ and OH- join to make water.

The hydrogen in an acid is joined with another group, which is given as the second name of the acid.
	Common name of acid 
	Hydrogen joined to
	Full name of acid

	Ethanoic 
	Ethanoate 
	Hydrogen ethanoate

	Hydrochloric 
	Chloride 
	Hydrogen chloride

	Nitric 
	Nitrate 
	Hydrogen nitrate

	Sulphuric 
	sulphate
	Hydrogen sulphate


The hydroxide in an alkali is usually joined to a metal.

When the acid and alkali react to form water, they also make a new compound from the metal in the alkali and the other part of acid.  This new compound is called a salt.
ACID + ALKALI     (    SALT + WATER
For the most common acids:

	Acid
	Formula
	Salt formed
	Sodium salt
	Magnesium salt

	Ethanoic
	CH3CO2H
	Ethanoate 
	CH3CO2Na
	(CH3CO2)2Mg

	Hydrochloric
	HCl
	Chloride 
	NaCl
	MgCl2

	Nitric
	HNO3
	Nitrate 
	NaNO3
	Mg(NO3) 2

	Sulphuric
	H2SO4
	sulphate
	Na2SO4
	MgSO4


Examples 

Sodium hydroxide  +  hydrochloric acid    (     Water  +  sodium chloride

Potassium hydroxide  +  ethanoic acid     (      Water  +  potassium ethanoate

Lithium hydroxide  +  nitric acid                (      Water  +  lithium nitrate

Reaction of Acids and Bases

Bases react with acids.  The hydrogen in the acid joins with the oxide or hydroxide in the base to form water.  At the same time the metal joins with the remains of the acid to form a salt.

The general equation is:

ACID + BASE     (    SALT + WATER
Examples
calcium oxide  +  nitric acid              (        water  +  calcium nitrate

                      iron hydroxide  +  sulphuric acid        (        water  +  iron sulphate

                zinc oxide  +  hydrochloric acid    (        water  +  zinc chloride

Reaction of Acids and Carbonates

A carbonate is a group of one carbon and three oxygen atoms.  The carbonate group is usually combined with a metal.


 When an acid is added to a carbonate, two hydrogens from the acid react with the carbonate.





In this process water and carbon dioxide form.  As this happens the metal from the carbonate replaces the hydrogen on the acid to make a salt.
The general equation for the reaction is:

ACID  +  CARBONATE     (     SALT + WATER + CARBON DIOXIDE
Examples

Sulphuric acid + sodium carbonate          (       iron sulphate  +  water  +  carbon dioxide

Nitric acid + Calcium carbonate            
(    calcium nitrate  +  water  +  carbon dioxide

Hydrochloric acid + Lithium carbonate  
(   lithium chloride  +  water  +  carbon dioxide

Ethanoic acid  + lead carbonate        
(    lead ethanoate  +  water  +  carbon dioxide

Reaction of Acids and Reactive metals
Reactive metals (above hydrogen in the reactivity series, e.g. magnesium and zinc) react with acids.  
The hydrogen in the acid is released as hydrogen gas.  At the same time the metal joins with the remains of the acid to form a salt.

The general equation for the reaction is:
ACID  +  REACTIVE METAL  (    A SALT  +  HYDROGEN
Example
Hydrochloric acid   +  Magnesium    (   Magnesium chloride  +  Hydrogen
                   2HCl(aq)         +       Mg(s)         (            MgCl2(aq)         +     H2(g)

Note – Copper will not react with acids as copper not reactive enough. (It is below hydrogen in the reactivity series).
Electrolysis

Electrolysis is the passage of an electrical current through a liquid accompanied by a chemical change taking place at the electrodes.
The electrodes are conductors made of metal or graphite. They allow the current to enter and leave the electrolyte (substance being electrolysed). 
The electrode connected to the positive battery terminal is known as the anode.

The electrode connected to the negative battery terminal is known as the cathode. 
The substance which is split up by electrolysis is known as the electrolyte.

For a liquid electrolyte to be able to conduct electricity, it must contain electrically charged particles called ions. The ions must be free to move, which is why electrolysis can’t take place in solids. 
Ions that move towards the cathode (negative electrode) have a positive charge (as opposite charges attract. 
Ions that move towards the anode (positive electrode) have a negative charge. 

Example
The following observations were made during the electrolysis of silver bromide;


At the cathode (negative electrode) 
– A grey shiny solid forms.


At the anode (positive electrode) 
– A brown gas forms.

We can infer that;

the grey shiny solid at the cathode is silver metal. Therefore silver ions are positively charged as they are attracted to the negative electrode (cathode).

the brown gas at the anode is bromine gas. Therefore bromide ions are negatively charged as they are attracted to the positive electrode (anode).

During electrolysis

Metals (and hydrogen) are set free at the cathode as they form positively charged ions.

Non-metals (except hydrogen) are released at the anode as they have negatively charged ions.
Electrolysis has to be used to extract aluminium and metals above it in the reactivity series because the ores of metasl high in the reactivity series are very stable.

There are two types of electrolysis – solution electrolysis and molten electrolysis.
Solution electrolysis involves passing a current through a solution of the compound dissolved in water. This can only be used if the compound is soluble.

Molten electrolysis involves melting the compound and then passing a current through it. This is often very expensive as lots of energy may be needed to melt the compound.

In general during electrolysis;
Metals (and hydrogen) are set free at the cathode as they have form positively charged ions.

Non-metals (except hydrogen) are set free at the anode as they have negatively charged ions.
Time
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Increasing temperature





Solid





Liquid





Gas





Melting point





Boiling point





When a solid is heated energy is given to the particles.  This energy makes them vibrate more vigorously.  When enough energy is supplied, the forces between the solid particles break and the molecules are released from their fixed positions.  The solid melts.





When a liquid is heated energy is given to the particles.  This energy makes them move around much faster.  When enough energy is supplied, the forces between the liquid particles break and the molecules escape completely from the liquid. The liquid boils.
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An ELEMENT is a substance made from only one type of atom.  


This means that it cannot be broken down into two or more simple substances by means of a chemical reaction.
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Mg
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  F


  9





Ne


10





He
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 O


 8





 Li
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 Al
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Be
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  B


  5





  C
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 H


  1





  N
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The columns in the Periodic Table are called groups





The rows in the Periodic Table are called periods.





LESS


REACTIVE METAL





REACTIVE METAL





+





+





REACTIVE METAL





White fumes form 


    a ring here.





Condensing





Boiling





Methane is a compound of carbon and hydrogen








Water is a compound of oxygen and hydrogen.








This shows a mixture of an element (oxygen) and a compound (methane).
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Thermometer 





Water   to sink








Condenser 





heat





ALKALIS


Soluble bases





BASES


Metal oxides and metal hydroxides





Cold water from tap





solution





Distillation flask





Liquid of lower density 





Liquid of higher density 





solution





Distillation flask





Cold water from tap





Fractionating column





Condenser 





Water   to sink





Thermometer 














2) HIGH MELTING 


            POINT








4) GOOD CONDUCTORS 


             OF HEAT





5) GOOD CONDUCTORS 


       OF ELECTRICITY





1) FORM BASIC OXIDES


(ALKALINE IF SOLUBLE IN WATER)





7) HIGH DENSITY





6) SHINY





4) POOR CONDUCTORS 


             OF HEAT








METALS





3) BRITTLE





6) DULL





NON-METALS





2) LOW MELTING 


            POINT








7) LOW DENSITY





Nucleus





Electron cloud





The third energy level can hold 8 electrons





The second energy level can hold 8 electrons





The first energy level can hold 2 electrons





11 protons


12 neutrons





Rate





(b)





(a)





Rate





Concentration





3





Group 2





Group 1





Period 5





Period 4





Period 3





Period 1





Period 2





4





5





6





7





8





A mixture of two compounds - methane and carbon monoxide 





A mixture of two elements – oxygen and nitrogen 





A pure compound – hydrogen sulphide 





A mixture of two compounds – sulphur dioxide and ammonia 





A mixture of two elements – oxygen and nitrogen 





A mixture of two compounds - methane and carbon monoxide 





LESS


REACTIVE METAL





COMPOUND











Melting








heat
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1) FORM ACIDIC OXIDES











Loss of


mass of


flask





Iron              Fe








+12





Chlorine     Cl2





Oxygen      O2


























A pure element - chlorine 





This shows a mixture of two compounds, water and methane. 














A mixture of an element and a compound - chlorine and carbon monoxide 











This shows a mixture of two elements, hydrogen and chlorine. 

















Rate in cm3 gas


per second


e.g. rate = 20/t





COMPOUND











Freezing
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