
Group 1—Alkali Metals 
 

Groups – Vertical column – Number of electrons in the 
outer shell 
Periods – Horizontal row – Number of occupied shells. 
Alkali metals, group 1, have similar properties as they 
all have 1 electron on the outer shell. 

All alkali metals are easily oxidised and burn brightly 
in air. 

Potassium + oxygen —> potassium oxide  
4K(s) + O2(g) —> 2K2O (s) 

The reactions of alkali metals produce a metal hydrox-
ide and hydrogen. 
Potassium + water —> potassium hydroxide + hydrogen 

2K(s) + H2O (l) —>2KOH (aq) + H2 (g)              
K(s)

+ + OH- (l) —> KOH (aq) 

As you go down group 1 the reactivity of the metals increases because less energy is needed to remove the electron in the 
outer shell. This is because the atoms get larger as there are more shells of electrons . So the outer electron is further 
away from the positive nucleus and there is less attraction between the positive nucleus and the outer electron. 



Reactions with metals 
 
Halogens react with metals to form metal halides. These 
are ionic compounds that contain halogen ions called halides 
e.g. Cl-. 
halogen + metal --> metal halide  
Cl2 + 2K   -->   2KCl   Cl2 - 2e- —> 2Cl- 

Elements in group 7 are called Halogens. 
 
They are: 
- all diatomic molecules (2 atoms held together with a cova-
lent bond) e.g. Cl2 

-Toxic and corrosive. 
- poor conductors of heat and electricity. 
As you go down the group the melting, boiling points and den-
sities increases. Reactions with hydrogen 

 
Halogens react with hydrogen to form hydrogen halides, 
which dissolve in water to form acidic solutions. 
e.g. hydrogen and chlorine explode to form hydrogen chlo-
ride, which dissolves in water to make hydrochloric acid. 
 

halogen + hydrogen-->hydrogen halide 
X2     +     H2    -->     2HX 



Halogen Reactivity 
The reactivity of the halogens decreases down the group from fluo-
rine to iodine. This is shown by their displacement reactions. In a dis-
placement reaction, a more reactive element takes the place of a less 
reactive element in an ionic compound. So, a more reactive halogen 
displaces a less reactive halogen from a halide compound. 
 
For example, fluorine displaces chlorine from sodium chloride in solu-
tion, but chlorine cannot displace fluorine from sodium fluoride. 

fluorine + sodium chloride —> chlorine + sodium fluoride 
F2(g)  +       2NaCl(aq)    —> Cl2(aq) +    2NaF(aq) 

During a displacement reaction, the halogen atoms gain an electron to 
form a negative halide ion. 

Fluorine atoms form F− ions and chlorine atoms form Cl− ions.  

As you go down group 7, it becomes more 
difficult for the atoms to form a negative 
ion because: 
-the atoms are getting larger as there are 
more shells of electrons 
- so the force of attraction between the 
positive nucleus and the incoming electron 
decreases. 



Displacement reactions are also redox reactions. 
- Oxidation Is Loss of electrons 
- Reduction Is Gain of electrons. 
You can remember these using the mnemonic OIL 
RIG. 

Chlorine reacts with potassium bromide solution.  
Cl2  +  2KBr  —>  Br2  +  2KCl 

This equation is an ionic equation as the potassium ions are spectator 
ions so can be omitted.  

Cl2  +  2Br−  —>  Br2  +  2Cl− 
The chlorine molecules are reduced (gaining electrons) to form chlo-
ride ions. The bromide ions are oxidised (losing electrons)  to form 
bromine 

Cl2 + 2e —> 2Cl−  

2Br− —> Br2 + 2e 



Chemical Properties 
 
The noble gases are inert.  This means that they do not react 
easily with anything. They are non-flammable. 
The atoms have a full outer shell of electrons. This means it is 
difficult for them to gain, lose or share electrons so they do not 
form ionic or covalent bonds. They have a stable electronic con-
figuration so they are unreactive and exist as single atoms. 

The noble gases are in group 0 of the periodic table. They 
are: 
-Colourless gases  -  inert 
-have low MP’s and BP’s -  single atoms 
-are poor conductors of heat and electricity. 
-Toxic and corrosive. 
 
The noble gases were not discovered until the 19th century 
as they are unreactive and there are only small amounts. 

Helium has a very low density 
and is non-flammable so it is 
used to fill weather balloons, 
party balloons and airships. 
Neon gives a red-orange light 
when electricity is passed 
through it so it is used for ad-
vertising signs. 
Argon is used to provide an in-
ert atmosphere for welding and 
in filament lamps. 



Measuring the volume of gas produced 
 
Gas syringe - Calcium carbonate (marble chips) reacts with dilute hydrochloric acid to 
form carbon dioxide. The gas can be collected in a gas syringe. 
Over water in an upturned measuring cylinder - When a gas is formed in a reaction we 
can collect it and measure the volume of gas at regular time intervals, or we can measure 
the time taken to produce a given volume of gas. 

reactants  —>  products 
 
The rate of a reaction is the speed at which reactants are turned into products. To inves-
tigate reaction rates, we need to measure how the amount of reactants or products 
changes with time. For example, we can measure the time taken for a colour change or the 
volume or mass of gas produced. 

Measuring the mass of gas produced 
 
We could also measure the mass of the flask and reactants, 
allow the gas to escape and measure the change in mass at 
regular time intervals. The mass of gas produced is equal to 
the loss in mass of the reactants. 
It important to stop acid ‘spray’ escaping because the mass 
loss will be too high if any acid escapes, and there is a hazard 
of acid getting into the eyes or on the skin. 

Measuring the time taken for a colour change 
 
Sodium thiosulfate solution reacts with dilute hydrochloric acid 
to form a yellow precipitate of sulfur.  We can measure the time 
it takes for the precipitate to cover a black cross. 



Calculating average rate of reaction 
The graph shows how the volume of gas changes with time. 
The reaction has finished at 60 s when 64 cm3 of gas has 
collected. 
The average rate of reaction 
= volume of gas 
time taken to produce gas     = 64 = 1.07 cm3/s 
                           60 

The graph shows how the concentrations of the reactants and products 
change during a reaction. The gradient (slope) of the graph is the rate 
of reaction at that point. The steeper the line, the faster the rate of 
reaction. 

The graph shows how the 
rate of reaction changes 
during the reaction. The 
straight lines touching 
the curve at different 
points are tangents to 
the curve. The slope of 
the tangent shows the 
rate of reaction at that 
time. The steeper the 
line, the faster the rate. 



Calculating rate of reaction at a point 
 
Draw a tangent to the curve at the point it to go through an 
exact time. Draw horizontal and vertical lines from the end of 
the tangent to the axes. Read off the volume of gas and time 
where the lines cross the axes: 20 s and 58 cm3 on this graph. 
The rate of reaction is equal to the gradient of the tangent. 
gradient = change in y 
                 change in x 
The rate of reaction at (48,20) is: 
  = (60 − 36) 
       (30 − 10)      = 1.2 cm3/s 

Calculating initial rate of reaction 
 
Draw a tangent to the curve at the start and extend it to 
go through an exact time. Draw horizontal and vertical lines 
from the end of the tangent to the axes. Read off the vol-
ume of gas and time where the lines cross the axes: 20 s 
and 58 cm3 on this graph. 
The rate of reaction is equal to the gradient of the tan-
gent. 
gradient = change in y 
                 change in x 
The initial rate of reaction at (0,0) is: 
  = (58 − 0) 
       (20 − 0)      = 2.9 cm3/s 



For a chemical reaction to take place the particles must collide with each oth-
er with enough energy to react, this is called a successful collision. The mini-
mum amount of energy is called the activation energy. This energy is used to 
break bonds, which then rearrange to make new substances. 

In general, reaction rates are increased when: 
- the collision frequency is increased (when particles are closer together or 
are moving faster). 
- the amount of successful collisions is increased (more particles have the re-
quired activation energy). 





Catalysts 
 

A substance that increases the rate of a chemical reaction 
without itself undergoing any permanent chemical change. 
The advantages of this is that the are not used up so 
therefore do not need to be replaced. They make reactions 
more profitable as they make products more quickly, and by 
allowing reactions to occur at lower temperatures, which 
saves costs. 

The starting point and the finishing point are the same. 
However those cars travelling the scenic route need 
more energy to get over the hill. So going through the 
hill is the easier route, so most cars will go this way. 
Like a tunnel, a catalyst provides an alternative reac-
tion route, which requires less activation energy. 

Reaction profiles can be used to show energy changes. 
This graph shows the difference for a catalysed and uncatalysed 
exothermic reaction. The catalyst does not alter the overall ener-
gy change. 
Less energy is needed to start the reaction, more reactant mole-
cules have enough energy and so more successful collisions. There-
fore a faster reaction. 



Catalytic convertors 
 
- Use Platinum or palladium (expensive, but are not 
used up). 
- Lowers the activation energy needed to convert 
harmful gases to harmless gases. 

Nitric acid  
 
Platinum is used in the manufacture of nitric acid 
from ammonia 

Enzymes are protein molecules that act as cata-
lysts in biological reactions. 
The reactant molecule (substrate) fits into the 
active site, like a 'lock and key'. Each enzyme is 
specific to a substrate. 

Alcoholic drinks are produced using an enzyme in 
yeast. This catalyses the reaction of glucose into 
carbon dioxide and ethanol. 



Exothermic 
 

Energy is transferred from 
stores of energy in chemical 
bonds to the surroundings. The 
temperature of the surrounding 
increases. 

Investigating displacement reactions 
 
A metal will displace a less reactive 
metal from its compounds in solution. 
For example, tin is more reactive than 
copper. It will displace copper from 
copper sulfate solution: 
Sn(s) + CuSO4(aq) → Cu(s) + SnSO4(aq) 
Displacement reactions are exother-
mic reactions. 
The temperature is taken at the start 
and at the end. There is an increase in 
temperature. 

Endothermic 
 

Energy is transferred from the surroundings to stores of energy in chemical bonds. 
The temperature of the surrounding decreases. 

Exothermic 
- Neutralisation - acid and base 
- Displacement - metal and a compound 
of a less reactive metal (or halogen) 
- Dissolving of calcium chloride 
 
Endothermic 
- Dissolving of ammonium chloride. 



A reaction profile can model the energy change. 
In these diagrams energy stored in bonds is represented as a horizontal 
line. 
 
During a chemical reaction, energy is transferred between the reacting 
substances and their surroundings. This is usually by heating. The stored 
thermal (heat) energy in solution increased during an exothermic reaction, 
and decreases during an endothermic reaction. 
 
- An exothermic reaction is when the temperature increases. 
- An endothermic reaction is when the temperature decreases. 

Bond energy calculations 

A mole of something is 6.02 x 1023. 

The energy needed to break one mole of a particular covalent bond is its 
bond energy, measured in kilojoules per mole (kJ/mol or kJmol-1). 
For example, the bond energy of a C-O bond is 358 kJmol-1. This means 
that 358 kJ is needed to break one mole of bonds and is also the energy 
released when one mole of bonds is made.  




