The Atomic Theory- Modifying the Model

The proposing, testing and modifying of theoretical models are vital parts of the scientific method.  Tracing the evolution of the modern atomic model may help to clarify this process.

In the beginning...

One of the first "explanations" of the nature of matter was proposed by the Greek philosopher Democritus ( about 460-370 B.C.).  He suggested that all matter was made up of indivisible particles which are called "atomos" (greek for indivisible).  However, his was not a scientific model as we understad it, because it was not based on experiment , but on mere speculation.  The four element theory that stated that matter was made up of varying proportions of earth, air, fire, and water was the prevaling belief during the Middle Ages.  This theory was not scientific in the modern sense.

The birth of the scientific approach...

The modern atomic theory began with observations by Antoine Lavoisier ( 1743-1794) and Joseph Proust (1794-1826).  Lavoisier performed many experiments in which he weighted materials before and after the reaction.  On the basis of his observations, he concluded that mass was conserved during a chemical reaction.  From these observations, Proust proposed that elements always combine in the same proportions by mass  ( mole ratio during reactions ).

Dalton's Atomic Theory...

John Dalton (1766-1844) proposed a model to explain the regularities discovered by Lavoisier and Proust.  Dalton resurrected the proposal of Democritus that matter was composed of indestructible atoms, which Dalton conceived as resembling minute billiard balls.  He suggested that every element has a single distintictive atom with an unique mass.  He further proposed that these indivisible atoms would be conserved in chemical reactions.  Chemical reactions could be described as processes of atoms connecting or disconnecting.  The idea of balancing equations ( mass is conserved and that reactions take place in set ratios ) is derived from Dalton's model of the atom.  However, this model could not explain why atoms connected or diconnected.

The Plum-Pudding Model

J.J Thomson's (1856-1940) discovery of the electron in 1897, began the revision of Dalton's model.  The electron was demonstrated to be a negatively charged particle within the atom.  Since atoms were electrically neutral they obviously could be neither indivisible nor homogeneous if they contained these remarkable subatomic particles.  Thomson, therefore suggested an atomic model consisting of a spherical blob of positve matter with electrons distributed through it "like plum in a pudding".  This model helped to relate electricity with matter, but like Dalton's model, it did not adequately explain how atoms bonded together.

The Nuclear Model...

Ernest Rutherford (1871-1937) bombarded a thin gold foil with massive positive particles  (  particles ).  Most of these particles passed undeflected through the gold atoms as if travelling through vacuum (so an atom is mostly open space).  However, a small number of these positive particles were deflected by 90 deg. or more.  Rutherford linked this observation to "firing a sixtee-inch shell at a piece of tissue paper and seeing it bounce back".  Only massive concentration of positive charge could produce such a repulsion.  Rutherford proposed a model with the positive charge concentrated in a central nucleous, and with the electrons orbiting the nucleus like planets around the sun.

Subsequent work by Rutherford revealed that the nucleous contained positive particles which he called protons.  Years later, Chadwick discovered neutrons (neutral particles ) in the nucleus in 1932.  The model now could explain atomic mass differences on the basis of how many protons and neutrons were in the nucleous.

The Bohr Model 

Niels Bohr (1885-1962), improving on Rutherford, proposed the first atomic model which could adequately explain chemical bonding.  Bohr suggested that the orbiting electrons arranged themselves in energy levels with the least energetic electrons orbiting closest to the nucleous.   The way in which bonding occurs between atoms could then be predicted by the energy and number of electrons in the most energetic orbits, the outermost electrons.

Our contemporary understanding of the atom

As with its predecessors, the Bohr model has required modifications.  For instance, electrons don't follow predictable orbits.  Up to about twenty years ago, it was thought that protons and neutrons were "elementary" particles, but experiments in which protons were collided with other protons or electrons at high speed indicated that they were in fact made up of smaller particles.  These particles were named Quarks by the Caltech physicist Murray Gell-Mann, who won the Nobel prize in 1969.  The Quantum picture of the atom is a much more complicated one.  So despite the shortcomings of the Bohr model, it is adequate enough to explain the chemical reactions studied in this course.

Final words...

Hopefully, this summary of the evolution of atomic models has given you some feeling for how  models contribute to the scientific method.  A scientific model is much like a portrait drawn by a police artist from witnesses' statements.  A new information becomes available, the model is modified.  Limitations of the model become the focus of further effort.  The model is only a reasonable approximation based upon what is known at a particular time, but it is a vehicle for co-ordinating effort and producing results.

