
The Atomic Structure



A: Evidence for the existence of particles: 
Atoms, ions, molecules

• Materials around us are all made up of small particles called 
matter.

• Matter is anything that occupies space and has a mass.

• Evidence can be shown  by the diffusion of ink in water.



Diffusion of ink in water

Ink particles can be seen to spread out 
and occupy the available space through 
diffusion.



B: History of the Atom

1. Greek Philosophers

• Proposed that all matter was composed of tiny particles.

• They believed that these tiny particles we so small that nothing 
smaller was possible… the particles were indivisible.

• The Greek word for indivisible is ‘Atomos’



John Dalton (1808)

• He put forward the Atomic Theory as follows:
• All matter is made up of very small particles called atoms which are

A: Indivisible

B: Cannot be created or destroyed.



C: The Atom

• The atom is the smallest part of an element that still has the 
properties of that element.

• An atom consists of sub-atomic particles
• Protons 

• Neutrons 

• Electrons 



Properties of sub-atomic particles

Relative Charge Relative Mass Location

Proton +1 1 Nucleus

Neutron 0 1 Nucleus

Electron -1 1/1838 Orbiting Nucleus



D: Discovery of the Electron

1. William Crooke’s (1875)

• He investigated what happens when electricity is passed through 
gases in a vacuum tube. 

• He observed that some form of radiation passed from the negative 
electrode (cathode) to the positive electrode (anode).

• He called this radiation Cathode Rays. 

• Cathode rays are streams of negatively charged particles called 
electrons. 



Crookes Tube (Maltese Cross)



Activated Cathode Tube
• Crookes demonstrated that the rays coming from the negative 

electrode (cathode) cast a shadow at the far end of the tube.



Paddle Wheel Experiment

• Crookes concluded that small particles which where coming from the 
cathode caused the paddle to turn.



2. Stoney (1891)

• He proposed that the smallest amount of electric charge be called an 
electron.

3. Thomson (1897)

a) He investigated to see if the cathode rays consisted of charged 
particles.

b) He passed a narrow beam of cathode rays between two parallel 
plates and it struck a fluorescent screen at the far end of the tube.



c) He found that

1. If there was no charge on the parallel plates the beam passed 
straight down the tube.

2. If there was a positive charge on the top metal plate the position of 
the beam moved upwards on the fluorescent screen. Why?

d) He concluded that the cathode rays were attracted upwards towards 
the positive plate as they consisted of negatively charged particles.

These negatively charged particles where called electrons. 



Cathode Ray Experiment Apparatus



f) He also concluded ‘the ratio of the size of the charge on the 
electron to its mass’

g) Finally, he proposed the ‘Plum Pudding Model’ of the atom.
• He visualised the atom as a sphere of positive charge which had 

negative electrons embedded in the sphere at random.. Like 
raisins in a plum pudding.



Plum Pudding Model



4. Robert Milligan (1909) 
Oil drop Experiment
a) He set up an experiment to ‘determine the size of the charge on the 

electron’

b) Method:

i. He sprayed tiny droplets of oil between two charged metal plates.

ii. He used x-rays to ionise the air between the plates (i.e. molecules in 
the air lost electrons and formed ions). 

iii. As the oil droplets fell through the air they picked up these electrons 
becoming negatively charged. 



iii. Using a telescope, Millikan picked out one particular oil 
drop as it fell. He then placed a positive charge on the top 
plate and observed that the negatively charged droplet was 
attracted towards the positive plate. 

iv. He adjusted the charge on the plate until the oil droplet 
was stationary and the using his measurements he was able to 
calculate the charge on the electron.



Oil Drop Experiment



E: Discovery of the Nucleus

Rutherford (1909)

LEARN

1. He investigated how alpha particles were scattered by a piece of gold 
foil.

2. Method:

a) Bombard the gold foil with alpha particles.

b) Use a fluorescent screen/detector for scattered alpha particles. 



Rutherford’s Apparatus





Rutherford’s Results

a) Most of the alpha particles went straight through the 
metal foil.

b) Some of the alpha particles were deflected at large 
angles.

c) A few were actually deflected back along their path.



Rutherford’s Conclusions

• The atom is mostly empty space.

• The positive charge and the mass of the atom are 
concentrated in the small dense core… called the nucleus.



Explanation of Alpha Scattering Results
Plum Pudding Model | Nuclear Atom



F: Discovery of the Proton 

Rutherford (1911 - 1919)

a) He continued to bombard various substances with alpha particles.

b) He found that

i. In the case of the lighter atoms such as oxygen and nitrogen 
small positive charges were given off.

ii. This did not happen in the case of the heavier atoms like gold.



c) He explained the results by saying that:

i. The alpha particles were breaking up the nuclei of the 
lighter atoms to release their positively charged particles.

ii. This did not happen for the heavier atoms because the 
large positive nuclear charge repelled the alpha particles 
before they had a change to break up the nucleus. 

These positive charges were called protons.



G: Discovery of the Neutrons

James Chadwick (along with Rutherford).

a) He bombarded a sample of Beryllium  with alpha particles.

b) He discovered radiation of particles with no charge.

c) He concluded that the alpha particles were knocking neutral particles 
out of the nucleus of the beryllium atoms.

d) The particles had the same mass as the proton and had neutral 
charge called neutrons.



Chadwick’s Experiment
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