CHAPTER II: MAIN CONSTITUENTS OF MATTER 
II .1. Introduction: 
Faraday's electrolysis experiments suggest a relationship between matter and electricity. This results in two laws: a) the mass of an element that appears at an electrode is proportional to the quantity of electricity involved. b) If q is the quantity of electricity associated with the appearance of a hydrogen atom, q, 2q, 3q,..., nq are the quantities of electricity associated respectively with the atoms that combine with 1, 2, 3,..., n hydrogen atoms. Integers, electricity broken down into the elementary particles contained in the atoms.
II .2. Highlighting the constituents of matter 
II .2.1. Electron:
a- Crooks experiment (1879) and characteristics of cathode radiation:
The gas pressure (air, helium, neon .....etc) in the tube is reduced to 10-6 atm. When a high potential difference (ddp) of around 1000 volts per cm is established between the two metal electrodes placed at the ends of a glass ampoule containing gas. The gas remains obscure, but the glass bulb fluoresces opposite the negative electrode (the cathode). This observed fluorescence is due to the impact on the glass of invisible rays (radiation) from the cathode, hence the name cathode radiation. CROOKS considers that this radiation causes the glass to fluoresce.
These cathode rays are deflected by an electric field towards the positive pole, indicating that the particles making up these rays are negatively charged. In 1891, Stoney gave the name of the electron to the particles making up cathode rays.
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	Figure 1: Crookes tube
J.J Thomson undertook a quantitative study of cathode rays. He was able to determine the value of the charge/mass ratio of the particles coming from the cathode, the value of which does not depend on the cathode material or the residual gas in the cathode tube. 
|𝑒|/ 𝑚 = 1.759.1011 Coulombs/Kg
[image: ]

	Figure 2: J.J.Thomson experiment
c- Millikan experiment (1908): Determination of the electron's charge |e| and deduction of its mass A few years later, Robert Millikan was able to determine the value of the electron's charge, by studying the movements of an electrified oil droplet between the plates of a horizontal capacitor. The absolute value of this electric charge represents the smallest electric charge a particle can carry - the elementary charge of the electron. The absolute value of any electric charge can only be an integer multiple of that of the electron, and no smaller charge has yet been found (this is the elementary charge). |𝑒| Is identified with the absolute value of the electron's charge, which is negative: |𝑒| = 1.60217733 .10-19 C (coulombs)


The mass of the electron

With the value of the electron's charge (e = -1.602 x 10-19 coulomb), Millikan was also able to determine the electron's mass using the results of Thompson's experiment.


II .2.2- The nucleus and its components
a-Rutherford's experiment (1911-1919)
-Discovery of the nucleus
The principle consists in bombarding very thin sheets of gold with alpha particles.
Hands Geiger and Ernest Marsden, Rutherford's students, observed that a tiny fraction (1/8000) of these particles were deflected at a wide angle, as if bouncing off a massive obstacle. The impacts were observed under a microscope in the dark, on a screen of scintillating zinc sulfide (figure 2).
Given the mass ratio (A=4 for He versus A=197 for aAu), the bouncing alpha particle loses only a small part of its energy, which it transfers to the gold core, allowing it to emerge from the gold foil.
Rutherford concluded that the atom contained a massive core (which he called the nucleus) with a positive electrical charge, capable of repelling the alpha particles, which were themselves positively charged.
This led to the following conclusions
- The atom is almost empty of matter.
- The atom is almost empty of matter. The atom's positive charges are concentrated in a spherical volume with a radius

                                                          Figure 4: Rutherford experiment
b-Goldstein's experiment 
Goldstein designed a rarefied-gas cathode-ray tube with a perforated metal cathode, and noticed that the rays emitted passed through the holes in the cathode in the opposite direction to the cathode rays. Goldstein deduced that these rays were positively charged and called them channel rays, because they passed through the holes as if through channels.
Special features of these channel rays
- A magnetic field deflects them in the opposite direction to the cathode rays. 
- Depending on the type of gas in the tube, different q/m ratios are obtained.
- This ratio is significantly greater than that between the mass and charge of the particles making up the cathode ray.
- Channel rays are much lordlier than electrons
c- Rutherford experiment (1919)
Discovery of the proton:
In 1914, Rutherford established that the hydrogen ion is a hydrogen atom deprived of its electron, and later called it the proton.
In 1919, he carried out the first artificial nuclear reaction by bombarding the nitrogen atom with alpha particles. The nitrogen is transformed into oxygen and emits a proton.
 + α 	  +     
The mass of the q/m ratio of this particle gives the following characteristics: q(p) = 1.602. 10-19 c and m p =1.6724. 10-27 kg (1.007276470 u)
The mass of the proton is equal to 1836 times the mass of the electron.

d-Chadwick experiment (discovery of the neutron).
- The neutron itself was discovered by Chadwick (1932) by bombarding light atoms
atoms such as beryllium, boron or lithium by particles (α) according to the following nuclear reaction
reaction:
       + α  	  (neutron)
The neutron is an electrically neutral particle (neutrons have no electrical charge, so cannot be detected).
cannot be detected in the same way as protons and electrons).
electrons), its mass is 1838 times greater than that of the electron
mn= 1.6747.10-27 Kg= 1.00866 u



                                                           Figure 4: Chadwick experiment

II. 3 Rutherford's planetary model
With these three fundamental particles: electron, proton and neutron, we can build a new model of the atom, the Rutherford model.
Rutherford model of the atom. In this model, the atom is made up of a positively-charged nucleus in which almost all its mass is concentrated.
of a positively-charged nucleus in which almost all its mass is concentrated.
the sun, it contains N neutrons and Z protons, and its total charge is
the number Z is called the atomic number, and the sum Z+N =A is the atom's mass number.
mass number of the atom. While the electrons (the planets) gravitate around the nucleus
forming an electric cloud.
An atom contains a nucleus at its center, and electrons that revolve around it. The
nucleus contains nucleons (protons+ neutrons).


                                           Figure 6: Rutherford planetary model
II. 4 Determining atomic masses and isotopic abundance.
The atomic masses of isotopes and their abundances are determined using a mass spectrometer. This device is now used to elucidate the structure of a substance by introducing it directly into the apparatus.
To determine the mass of an atom, the most practical method is to measure
the ratio 𝑞/ 𝑀 of the ionized atom, q being the charge of the ion, and M its mass.
used are mass spectrometers, which measure the ratio 𝑞/ 𝑀
There are several types of spectrometer, including the Bainbridge spectrometer. This spectrometer comprises
 the ionization source
 the velocity filter
 the analyzer
 the ion detector




Schematic diagram of the Bainbridge spectrometer

a-The ion source :
A jet of electrons emitted by a heated filament positively ionizes the atoms of a gas.
b-Velocity filter:
Receives ions with different velocities. These are subjected to the simultaneous action of an orthogonal electric and magnetic field:
  If v is the velocity of an ion, q its chege, then it will be subjected to the effect of two forces:
The electric force 
The magnetic force because 
The two forces are parallel and in opposite directions, hence: and    (3)
The ion beam leaving the velocity filter is therefore monokinetic

c-The analyzer :
In this part of the device, an ion of mass M is subjected to a constant magnetic field of induction B2 directed perpendicular to its trajectory.the ion is then deflected along a circle of radius such that: 
 
  being the magnetic force and   the centrifugal force:
  (4)

d-The detector
The detector collects the ions and amplifies the signal, then a computer converts the information received into a mass spectrum.
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                                                      Figure: Neon mass spectrum
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