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2.2: Subatomic particles and a modern view of an atom
Atoms are composed of fundamental subatomic particles: electrons, protons, and neutrons.

Electron was the first subatomic particle discovered. The discovery of electrons is related to the study of cathode rays and the basic
knowledge of charges, i.e., there are two types of charges +ve and –ve; like charges repel each other; opposite charges attract each
other as illustrated in Fig. 2.2.1; electric and magnetic field deflects the moving charges.

Figure : This diagram describes two equal (like) point charges repelling each other and two opposite charges attracting each
other, with an electrostatic force F which is directly proportional to the product of the magnitudes of each charge and inversely
proportional to the square of the distance between the charges. K  is Coulomb's constant. Source: File:CoulombsLaw.svg:
User:Dna-Dennis / *derivative work RJB1 / CC BY (https://creativecommons.org/licenses/by/3.0)

The discovery of the electron 

Cathode rays 

Cathode rays are a type of radiation emitted from a cathode (negatively charged electrode) when a high electric field is applied
across a pair of electrodes under reduced pressure conditions, as illustrated in Fig. 2.2.2. The cathode rays travel in the inter-
electrode space. If there is a hole in the anode, the cathode rays can pass through the hole and keep moving in a straight path. The
cathode rays emit light when they strike a fluorescent screen.

Figure : Cathode ray tube with cathode-ray shown deflected by an electric field. Source: Kurzon / Public domain

J.J Thomson's experiments -the discovery of electrons 

J.J. Thomson studied the cathode rays and found that an electric field deflects the cathode rays towards the positive electrode. This
observation indicates that the cathode rays were negative charges. Changing the cathode material did not change the properties of
the cathode rays. J.J. Thomson concluded from these observations that the cathode rays were streams of particles, called electrons,
that are present in the atoms of all elements.

Further discoveries revealed that the charge on the electrons is 1.602 x 10  C, and their mass is 9.10 x 10  g. The electrons are
incredibly light, about two thousand times lighter than the lightest atom.

Plum Pudding Model of an atom 

Based on the information from cathode ray experiments, J.J. Thomson concluded that there are –ve charge electrons and a +ve
matter representing almost all the atom's mass. He proposed the plum-pudding model of atoms, i.e., the positive matter is like a
diffused cloud or jelly that occupies the atom's space, and electrons are embedded in it like fruits in jelly in the case of the plum-
pudding dessert dish as shown in Fig. 2.2.3.
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Figure : Plum pudding model of an atom. Atoms were initially thought to contain many hundreds or thousands of electrons as
shown in this schematic representation of the plum pudding model. Source: Tjlafave / CC BY-SA
(https://creativecommons.org/licenses/by-sa/4.0)

The discovery of the nucleus of an atom 

-Rays 

-Rays, pronounced as alpha-rays, are high-energy radiations emitted from some radioactive sources. The -rays are composed of 
-particles that are helium atoms without any electrons.

Rutherford's gold foil experiment -the discovery of the nucleus 

Rutherford tested the plum pudding model of the atom by bombarding -rays on a thin gold foil. He expected that -particles to
pass through the gold foil un-deflected like bullets fired through a Styrofoam sheet. He observed that although most of the -
particles passed through the gold-foil un-deflected, one in ~20,000 deflected at larger angles, as illustrated in Fig. 2.2.4.

Since the plum-pudding model of an atom could not explain the deflection of the -particles, Rutherford concluded that there was
a tiny but very dense region in the center of an atom, now called the nucleus, that deflected the -particles. Rutherford’s gold foil
experiment led to the discovery of the nucleus.

Figure : Illustration of Rutherford’s gold foil experiment (left). Interpretation of the results – Almost all the atom's mass is in a
tiny nucleus space. -particles that come close to the atom’s nucleus are deflected (right). Source: https://www.hiclipart.com/free-
trans...xivja/download and https://www.hiclipart.com/free-trans...txlqr/download

The discovery of proton 

Rutherford predicted that a positively charged fundamental particle of atoms should reside in the nucleus. Later on, Rutherford
observed that shining  -rays on nitrogen gas produced positively charged particles called protons. The protons are about 20,000
times heavier than electrons but carry a +ve charge equal in magnitude to the –ve charge on an electron.
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The discovery of the neutron 

The mass of protons and electrons did not account for an atom's overall mass, which led to a search for another subatomic particle.
James Chadwick discovered that bombarding  -rays on a beryllium target produced a highly penetrating radiation consisting of a
beam of neutral particles, now called neutrons. The presence of neutrons in the nucleus accounts for the missing mass of atoms.

Other sub-atomic particles have been discovered, e.g., quarks that constitute protons and neutrons, but their knowledge is not
critical for understanding basic chemistry.

Modern view of an atom 

Protons and neutrons reside in the nucleus with a diameter of 10 m. Electrons occupy the region outside the nucleus with a
diameter of 10  m, as illustrated in Fig. 2.2.5. If the nucleus is about the size of a marble, the atom would be about the size of a
soccer field.

Figure : depiction of the atomic structure of the helium atom. The darkness of the electron cloud corresponds to the line-of-
sight integral over the probability function of the 1s atomic orbital of the electron. The magnified nucleus is schematic, showing
protons in pink and neutrons in purple. Source: User:Yzmo / CC BY-SA (http://creativecommons.org/licenses/by-sa/3.0/)

Properties of the subatomic particles 

The basic SI units of mass, electric charge, and distance are too big for atomic-scale measurements. New units are defined for this
purpose, i.e.:

Atomic mass unit (amu) which is 1/12 of the mass of a single carbon atom that has 6 protons and 6 neutrons in it.

Charge on one electrons is electron charge (e).

1 Å = 10 m

These units are usually used for masses, charges, and diameters of atoms. Table 1 lists the basic properties of the subatomic
particles.

Table 1: Basic properties of subatomic particles

Particle Charge (e) Mass (amu)

Proton +1 1.0073
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 Atomic mass unit (amu)

1 amu = 1.660539606660(50) ×  kg10−27

 Electron charge (e)

1 e = 1.602176634 ×  C10−19

 Angstrom(Å)
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Particle Charge (e) Mass (amu)

Neutron 0 1.0078

Electron -1 5.486 x 10

How the subatomic particles are held in the atom 

The gravitational force is negligible in the case of the behavior of subatomic particles in the atoms. Although electrons repel other
electrons, they stay in a tiny space due to attraction towards the nucleus. Similarly, protons repel each other, but the electrical force
is small compared to the strong nuclear force that holds protons and neutrons together in the nucleus.

This page titled 2.2: Subatomic particles and a modern view of an atom is shared under a Public Domain license and was authored, remixed,
and/or curated by Muhammad Arif Malik.
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