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Democritus (460 b.C. – 370 b.C.): 
“Matter could not be divided into smaller and 
smaller pieces forever, eventually the smallest 
possible piece would be indivisible.”
The smallest piece of matter “atomos”, 
meaning “not to be cut.”
Pioneer of atomism.

Epicurus (341 b.C. – 270 b.C.):
“Everything that occurs is the result of 
the atoms colliding, rebounding, and 
becoming entangled with one another, 
with no purpose or plan behind their 
motions.”

http://en.wikipedia.org/wiki/Epicurus

http://en.wikipedia.org/wiki/Democritus
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To the Atomists, atoms were , atoms were small, hard particles that , hard particles that 
were all made of the same material but were were all made of the same material but were different shapes shapes 
and sizes. Atoms were and sizes. Atoms were infinite in number, always moving and in number, always moving and 
capable of joining together.capable of joining together.

Others philosophers, as Aristotle and Plato, state a (wrong) 
theory that the nature of matter was composed by four 
elements – Earth (solid), Water (liquid), Air (gas), Fire (heat).
Aether could be considered a fifth element. This theory of the 
four elements became the standard dogma for the next 
two thousand years.

http://en.wikipedia.org/wiki/Empedocles
http://en.wikipedia.org/wiki/Aristotle#Physics
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John Dalton atomic model (billiard ball model, 1803):

http://en.wikipedia.org/wiki/John_Dalton

John Dalton (1766-1844)

• Dalton states that all elements are 
composed of atoms, which are indivisible 
and indestructible particles.

• Atoms of the same element are exactly 
alike and those from different elements 
are different.

• Chemical compounds, as water, are 
formed by the joining of atoms of two 
or more elements.
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Thomson atomic model (plum pudding model, 1897):

http://en.wikipedia.org/wiki/J._J._Thomson

• Thomson studied the passage of an electric 
current through a gas. 

• In 1897 Lord Kelvin proved that an atom 
is made of even smaller electrical charged 
particles (electrons).

• Thomson proposed that atoms were 
made from a positively charged particles/
substance with negatively charged electrons 
scattered inside, like raisins in a pudding.

• But he could never find them.

Joseph John Thomson 
(1856-1940)
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Rutherford atomic model (planetary model, 1912):

http://en.wikipedia.org/wiki/Ernest_Rutherford

• In 1908, Rutherford’s experiment involved 
firing a stream of tiny positively charged 
particles at a thin sheet of gold foil (2000 atoms thick).

• Most of the positively charges passed right 
through the sheet of gold foil but some of the 
them did bounce away from the gold sheet as 
if they had hit something solid. He knew that 
positive charges repel positive charges.

• Rutherford concluded that an atom had a small, 
dense, positively charged center (nucleus) that 
repelled his positively charged “bullets.”

Ernest_Rutherford
(1871-1937)
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Rutherford atomic model (planetary model, 1912):

• Rutherford reasoned that all of an atom’s positively charged 
particles were contained in the nucleus. The negatively charged 
particles were scattered outside the nucleus around the atom’s 
edge.
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Bohr atomic model (1913):

http://en.wikipedia.org/wiki/Niels_Bohr

• In 1913, the Danish scientist Niels Bohr
proposed a model where he placed each 
electron in a specific orbit (energy level)
around the nucleus.

• These orbits, or energy levels, are 
located at specific distances (radius) from 
the nucleus.

Niels_Bohr (1885-1962)
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Modern quantum mechanics (Heisenberg et al, 1927):

http://en.wikipedia.org/wiki/Werner_Heisenberg

• According to the theory of wave mechanics, 
electrons do not move around an atom in a 
definite path, like the planets around the sun.

• In fact, it is impossible to determine the 
exact position of an electron. The probable 
location of an electron is based on how 
much energy the electron has.

• According to the modern atomic model, at 
atom has a small positively charged nucleus 
surrounded by a large region (electron cloud)
in which there are enough electrons to make 
an atom electrically neutral.

Werner_Heisenberg
(1901-1976)



The free atom

10>Carbon atom

• nucleus: protons (+) and neutrons
• electrosphere: electrons (-)
• electrical
• electrical charge: 1.60 x 10-19 C
• mass of proton: 1.67 x 10-24 g
• mass of electron: 9.11 x 10-28 g
• atomic number Z :

number of electrons or protons
• atomic mass M :

average number of protons and
neutrons in NA atoms

• Avogadro number NA :
6.02 x 1023 atoms/mol

• atomic radii R :
typical distance from the nucleus 
to the boundary of the surrounding 
cloud of electronsZ=6

M=12.01 g/mol
R=70 pm



The free atom
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http://www.meta-synthesis.com/webbook/34_qn/qn_to_pt.html
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Quantum numbers of electrons:
Defined as "The sets of numerical values which give acceptable 
solutions to the Schrödinger wave equation for the Hydrogen 
atom". From: http://en.wikipedia.org/wiki/Quantum_number

Principal quantum number (n): n = 1 (K), 2 (L), ..

Azimuthal (orbital) quantum number (ℓ):
"ℓ = 0" - Sharp orbital, "ℓ = 1" - Primitive orbital, 
"ℓ = 2" - Diffuse orbital, and "ℓ = 3" - Fundamental orbital.

Magnetic quantum number (m): 
“m = 0” – s orbital; “m = -1,0,1” – p orbital; 
“m = -2,-1,0,1,2” – d orbital

Spin quantum number (s):  s = - ½ or s = + ½
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Electrons enter and fill orbitals according to four rules:
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Madelung's Rule:

From: http://www.meta-synthesis.com/webbook/34_qn/qn_to_pt.html

K (2)
L (8)
M (18)
N (32)
O (32)
P (18)
Q (8)



The Electronic Structure of the Atom

C: 1s2 2s2 2p2

Na: 1s2 2s2 2p6 3s1

Cl: 1s2 2s2 2p6 3s2 3p5

Fe: 1s2 2s2 2p6

3s2 3p6 3d6 4s2

15>

Expected Electron Configurations:
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Deviations from Expected Electronic Structures:

Fe (expected): 1s2 2s2 2p6 3s2 3p6 3d8

Fe (actual): 1s2 2s2 2p6 3s2 3p6 3d6 4s2

The unfilled 3d level causes the magnetic behavior of iron.
Valence: number of electrons in an atom that participate

in bonding or chemical reactions. Valence also depends on the 
immediate environment surrounding the atom or the neighboring 
atoms available for bonding. Na: 1s2 2s2 2p6 3s1 V = 1

Cl: 1s2 2s2 2p6 3s2 3p5 V = 7

Mg: 1s2 2s2 2p6 3s2 V = 2
Al: 1s2 2s2 2p6 3s2 3p1 V = 3

Ar: 1s2 2s2 2p6 3s2 3p6 V = 0



Electronegativity: describes the tendency of an atom to gain an electron.
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The Electronic Structure of the Atom
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Periodic Table
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http://en.wikipedia.org/wiki/Periodic_table#Periodic_table_legend_for_category



Periodic Table 
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Shackelford & Alexander (2001)

ELEMENTS IN METALLIC MATERIALS
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ELEMENTS IN CERAMIC MATERIALS

Shackelford & Alexander (2001)
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ELEMENTS IN POLYMERIC MATERIALS

Shackelford & Alexander (2001)
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ELEMENTS IN SEMICONDUCTING MATERIALS

Shackelford & Alexander (2001)
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