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STRUCTURE OF THE ATOM
To understand the structure of minerals, you must understand the structure of the 
atom. You read that some minerals are elements. An element is any material that 
cannot be broken down into simpler materials. All matter is made up of elements. 
There are only a little more than 100 different kinds of chemical elements. This is an 
amazing discovery in chemistry. Everything you observe in the world is made up of 
different combinations of 100 elements. Gold (Au) and iron (Fe) are just two examples 
of minerals that are elements. 

An atom is the smallest representative part of an element. The model of the atom has 
changed over the years, as scientists from different parts of the world worked on the 
development of the atomic theory. The idea of an atom first was proposed by the 
ancient Greek, Democritus. He believed that matter was made up of tiny particles that 
could not be broken down further. He called the particles atoms, from the Greek word 
atomos, meaning indivisible.

In the late 1800s, J. J. Thomson, an English physicist, found evidence for the existence 
of negatively charged particles that could be removed from atoms. He called these 
subatomic particles with negative charges electrons. Using this new information, 
Thomson then proposed a model of an atom. This model was a positive sphere, with 
electrons evenly distributed and embedded in it. Using the same evidence, H. Nagaoka, 
a Japanese scientist, modeled the atom as a large, positively charged sphere surrounded 
by a ring of negative electrons. These models show that scientists agreed that atoms 
contain electrons. They also agreed that atoms were electrically neutral. To maintain 
this electric neutrality, an atom must contain an equal number of positive and 
negative charges.   

Although the Thomson and Nagaoka model of the atom 
appear different, they agreed that the atom was neutral 
and therefore must contain an equal number of positive 
and negative charges.

Extending the Connection
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For several years there was no evidence to contradict either 
Thomson’s or Nagaoka’s atomic models. However, in the early 
1900s, Ernest Rutherford, a New Zealand-born scientist, designed 
experiments to test the current model of an atom. From his 
experiment, he discovered that there must be tiny places in atoms 
containing lots of charge and mass. He concluded that almost all 
the mass and all of the positive charge of the atom is concentrated 
in an extremely small part at the center. He called this center part 
the nucleus. He used the term proton to name the smallest unit of 
positive charge in the nucleus.

Although scientists knew that electrons were “very, very tiny,” it took the work of the 
American physicist, Robert Millikan to actually measure the mass of an electron. 
Although the proton and electron have the same amount of charge, he found the electron 
to be only 1/2000 of the mass of a proton.

Niels Bohr was a brilliant Danish 
physicist. He proposed a “planetary” 
model of the atom. He theorized that 
electrons travel in nearly circular paths, 
called orbits, around the nucleus. Each 
electron orbit has a definite amount of 
energy. The farther away the electron is 
from the nucleus, the greater its energy. 
Bohr suggested the revolutionary idea that 
electrons “jump” between energy levels 
(orbits) in a quantum fashion. This means 
that they can never exist in an in-between 
state. Electrons are the most stable when 
they are at lower energy levels closer to the nucleus. 

Bohr was aware that his theory of electron jumps had incredible success but also raised 
some problems. His theory could only account for the observations for hydrogen. It could 
not account for any other element. His theory could not explain why only certain orbits 
were allowed. It could also not explain how the electron could jump from one orbit to 
another. Other scientists improved on Bohr’s model as they discovered more about the atom 
and quantum mechanics. You will learn more about these improved models in other science 
courses, or you may wish to continue your investigation on the Internet. 

Although early models of the nucleus included the proton, the proton alone could not 
account for certain observations about the mass of different elements. Rutherford (after 
discovering that atoms had a nucleus) addressed this problem. He suggested that another 
particle was present in the nucleus with about the same mass as the proton but no electric 
charge. He named this particle the neutron.

The English scientist J. Chadwick confirmed the presence of this particle in 1932. He was 
awarded the Nobel Prize in Physics in 1935 for his discovery. This discovery added a great 
deal to the understanding of the nucleus of the atom. Scientists today refer to protons and 
neutrons as nucleons. They both reside in the nucleus and are almost identical in mass. 

The Rutherford 
model of the atom.

When an atom absorbs or gives off energy (as 
in light or heat), the electron jumps to higher or 
lower orbits.
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