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A Sprint Through the Development 
of Atomic Theory 

• Law of Conservation of Mass (Lavoisier, 1700’s): 
mass before rxn = mass after rxn.

“Father of Modern Chemistry…
beheaded!

• Law of Definite Proportions (Proust): compound always 
contains the same elements in the same 
proportions by mass.

• Law of Multiple Proportions (Dalton): elements may combine in two or 
more sets of proportions, each a different compound (CO and CO2)

Dalton’s Atomic Theory (~1800):

• Matter is made up of atoms (tiny particles)

• Atoms of the same element are alike, but atoms of ,
one element differ from those of another.

• Compounds form when atoms of elements combine 
in certain proportions

• During chemical reactions, atoms are rearranged, not 
changed or destroyed.

• Also did extensive research on color blindness!
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Dalton Got Pretty Close!

• Dalton’s theory still is the foundation for our modern understanding 
of atoms.
– Some modifications have been necessary.

1. We now know atoms are composed of smaller particles

2. We now know that there can be subtle differences in atoms of the same 
element (isotopes)

3. We now know of nuclear reactions, in which atoms are broken apart.

• Not bad considering all he had to work with was a balance!

Building Blocks for Atoms: 
Subatomic Particles

• Number of protons determines the identity of the atom
– Atomic Number (A)

• Most of the mass of the atom is in the nucleus
– Mass Number (Z, total number of nucleons)

• Typical notation: SymbolElementZ
A
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Building Blocks for Atoms: 
Subatomic Particles…nucleons

• Isotopes: same number of protons, different number of neutrons
– Describing Isotopes

– Carbon-12 = 12C, Uranium-238 = 238U (atomic # may be shown, too).

• In a neutral atom, number of protons = number of electrons.

• Much of the chemical reactivity is determined by electronic structure, 
which is influenced by the nucleus

Building Blocks for Atoms: 
Subatomic Particles..electrons

• Several models exist to describe structure and behavior of atoms

• Key consideration is that energy levels are quantizedy gy q
– Evidenced by line spectra (figs 3.11 and 3.12)

– Transition between ground and excited states…energy considerations
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Building Blocks for Atoms: 
Subatomic Particles...electrons

• Orbits vs orbitals (Figs 3.13 - 3.15)
– Each orbital can “hold” two electrons

“Categorizing” Orbitals and Electrons

• Electrons in orbitals are described using quantum numbers 
– Need 4 to specify a single electron

– Possible values depend on the atom

n: principle q# - relates to “size” or energy
l: angular momentum q# - relates to shape.  l = 0…n-1

ml: magnetic q# - relates to orientation. ml = -l…0…+l
ms: spin q# - +1/2 or -1/2

n l ml
1 0 (s) 0
2 0 (s) 0

1 (p) -1, 0, 1
3 0 (s) 0

1 (p) -1, 0, 1
2 (d) -2, -1, 0, 1, 2

3 0 (s) 0
1 (p) -1, 0, 1
2 (d) -2, -1, 0, 1, 2

• Pictures of orbital shapes: http://www.orbitals.com/orb/

3 (f) -3, -2, -1, 0, 1, 2, 3
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Filling up Orbitals

• Predictable order for orbital filling (mostly)
– Increasing n+l, smallest n first

Cataloging Elements in the 
Periodic Table

• Table is arranged based on atomic structure/configuration
– Vertical columns or Groups (or family): Element have similar chemical 

properties within a group
• Mostly due to electron configuration and valence electronic structure

– Horizontal rows or Periods: Properties vary across a period

• Similarities in atomic structure lead to similarities in reactivity.

• Information found in periodic table (at a minimum)p ( )
– Symbol

– Atomic number

– Atomic Mass: weighted average of all isotopes compared to carbon-12
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Cataloging Elements in the 
Periodic Table


