THE NUCLEAR ATOMIC MODEL

Toward the close of the nineteenth century, chemists had two invaluable conceptual tools to aid them in their understanding of matter.  The first was John Dalton’s atomic theory, first published in 1809, which provided chemists with a framework for describing and explaining the behaviour of matter during chemical reactions and the second conceptual tool being Dmitri Mendeleev’s periodic table.  This table listed the known elements in order of increasing atomic mass.   The resulting organizational chart arranged elements so that those with similar chemical properties were grouped together in the same column.  

As you know, Dalton’s atomic theory no longer applies in its original form, and Mendeleev’s periodic table has undergone many changes.  For example: scientists later discovered that atoms are not the most basic unit of matter because they are divisible.  As well, the modern periodic table list the elements in order of their atomic number, not their atomic mass.  

When Mendeleev invented the periodic table, he was well acquainted with Dalton’s atomic theory.  He knew nothing, however, about subatomic particles, and especially the electron, which is the foundation for the modern periodic table’s distinctive shape.   

THE FIRST STEP TOWARD THE MODERN ATOMIC MODEL

Chemists needed Dalton’s atomic theory to advance their understanding of matter and its behaviour during chemical reactions.  His atomic model, however, was inadequate for explaining the behaviour of substances.  For instance, Dalton designed a system of symbols to show how atoms combine to form other substances.  

Dalton correctly predicted the formulae for carbon dioxide and sulfur trioxide, but ran into serious trouble with water, ammonia, and methane.

Dalton’s attempt at molecular modelling highlights a crucial limitation with his atomic model.  Chemists could not use it to explain why atoms of elements combine in ratios in which they do.  

(copy: Table 1 pg 162 from text)

THE DISCOVERY OF THE ELECTRON

In 1897, Dalton’s idea of an indivisible atom was shattered with a startling announcement.  A British scientist, Joseph John Thomson, had discovered the existence of a negatively charged particle with the mass less than 1/1000 that of a hydrogen atom.  This particle was, of course, the electron.  

The experimental studies of Svante Arrhenius and Michael Faraday with electricity and chemical solutions and of William Crookes with electricity and vacuum tubes suggested that electric charges were components of matter.  J.J Thomson’s quantitative experiments with cathode rays resulted in the discovery of the electron, whose charge was later measured by Robert Millikan.  

Chemists realized that if atoms contain electrons, atoms must also contain a positive charge of some kind to balance the negative charge.  The atomic model that J.J Thomson proposed is found in Fig. 2 pg 163.  In this model, known as the “raison bun model”, the raisons are depicted as the electrons and the bun being the positive material of the atom.  In this model the entire sphere carries a uniform, positive charge.  

(Draw figure 2 pg 163)

(Copy Table 2 pg 163 “Creating the Thomson Atomic Theory”)

RUTHERFORD’S NUCLEAR MODEL OF THE ATOM

In the final years of the nineteenth century, Henri Becquerel and Marie and Henri Curie, discovered that certain elements are radioactive.  That is, their atoms naturally emit positively charged particles (alpha particles), negatively charged particles (beta particles), and energy (gamma radiation).  

Rutherford eventually showed that some parts of the Thomson atomic model were not correct.  He developed an expertise with nuclear radiation during his years of study.  He worked with and classified nuclear radiation as alpha ((), beta ((), and gamma (()- helium nuclei, electrons, and high-energy electromagnetic radiation from the nucleus.  

Rutherford devised an experiment to test the Thomson model of the atom.  He used radium as a source of alpha radiation, which was directed at a thin film of gold.  The atoms that made up the metal foil deflected a small number of alpha particles, about one in every 8000, significantly.  These observations were inconsistent with Thomson’s model (fig.4 pg 164).  

Rutherford published the results of the now-famous gold-foil experiment.

His conclusions:

(a) the atom is made up mainly of empty space, with a small, massive region of concentrated charge at the center

(b) the charge on this central region was determined to be positive, and was named the atomic nucleus

(Copy Table 3 pg 164 “Creating the Rutherford Atomic Theory”)

PROTONS, ISOTOPES, AND NEUTRONS

Recall:  

(a) Thomson’s model of the atom included electrons as particles, but did not describe the positive charge as particles.

(b) Rutherford’s model of the atom included electrons orbiting a positively charged nucleus.

In 1914, evidence was gathered to support the hypothesis about the nucleus being composed of positively charged particles.  Rutherford and his associated studied positive rays in a cathode ray tube and found that the smallest positive charge possible was from ionized hydrogen gas.  They called this particle the proton.  By determining the charge and mass of this hypothetical proton in a cathode ray tube, the evolution of the mass spectrometer (fig.6 pg 165) arose and developed by Francis Aston. 

Evidence from radioactivity and mass spectrometry falsified Dalton’s theory that all atoms of a particular element were identical.  However, there were atoms of one element that had different masses.  These atoms of different masses were named isotopes. 

James Chadwick, working with Rutherford, was bombarding elements with alpha particles to calculate the masses of nuclei.  When the masses of the nuclei were compared to the sum of the masses of the protons for the elements, they did not agree.  In 1932, Chadwick completed some careful experimental work involving radiation effects caused by alpha particle bombardment.  The only that could explain these results involved the existence of a neutral particle in the nucleus.  According to Chadwick, the nucleus would contain positively charged protons and neutral particles, called neutrons.
