IMPORTANT DISCOVERIES IN THE DEVELOPMENT OF 

THE MODERN THEORY OF ATOMIC STRUCTURE

460 B.C.   
The earliest awareness of a concept of atoms dates from the Greek philospoher (naturalist?) Democritus who imagined these particles to be indivisible and to be the constituents of all matter.  The term "atom" is derived from the Greek word "atomos" which means indivisible. This idea did not receive widespread acceptance because it was in direct contrast to Aristotle's theory of the continuity of matter.


For almost 2000 years, scientific discoveries were superseded by the pseudoscience of alchemy.  Alchemists were mainly interested in converting base metals into gold, developing the "elixir" of life, and producing the "philosopher's stone.  From their work, though, came the process of the preparation of the mineral acids as well as the discovery of several elements.

1537
The chemist Paracelsus helped integrate the science of chemistry into the field of medicine.

1650
Getting support from Isaac Newton, Gassendi reintroduced the particulate theory, although his theory was still intuitive in nature.  No experimental evidence was used to support his ideas.

1661
Robert Boyle, better known for his studies of gases, first proposed the word "element" to its modern meaning in his book, The Skeptical Chemist.  

1717
The German chemist Georg Stahl suggested that a substance called "phlogiston" flowed out of burning material and was the necessary ingredient of combustible material.

1802       
John Dalton, an English chemist, gave the first modern notion of the atom its start by formulating the laws that govern the formation of compounds from elements.  His atomic theory consisted of the following four postulates:


1.  Each element is made up of tiny particles called atoms.


2.  The atoms of a given element are identical in average atomic mass and properties; atoms of different elements are different in some fundamental way (or ways).


3.  Chemical compounds are formed when atoms combine with each other.  A given compound always has the same relative numbers and types of atoms.


4.  If elements can combine in more than one whole-number ratio, the resulting compounds are different from one another in their chemical and physical properties.


5.  Chemical reactions involve the reorganization of the atoms - change in the way they are bound together.  The atoms themselves are not changed in a chemical reaction.

1813
J.J. Berzelius, a Swedish professor, established the first system using letters to represent elements.

1817       
Dobereiner noticed that in certain groups of three elements, e.g.  Ca,  Sr,  Ba, the atomic atomic weight of the middle element was approximately the mean of those of the first and third. These were known as Dobereiner's triads.

1833       
Michael Faraday, an English scientist, noted that the quantity of electricity that passed between the electrodes was directly related to the amounts of the material produced at the electrodes.  This unit of electricity equals a faraday (96,500 coulombs). In electrolysis, whenever one faraday of electricity was used, one gram-equivalent of a substance was produced at the cathode.
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1863       
Newland noted that when the elements were placed in order of their increasing atomic weights, similarities in chemical and physical properties reappeared after each interval 


of eight elements. He termed this concept as the law of octaves.

1869       
Lothar Meyer stressed physical characteristics of the elements in classification. He is best remembered for his atomic volume curve, because of the importance which atomic volumes have played in the development of chemical thought.

1869       
Dimitri Mendeleev (Russian) based the classification of elements largely on chemical properties. The acceptance of the Mendeleev system of classification is generally regarded


 as the beginning of a true renaissance in chemical thought.

1879       
William Crookes, an English chemist and physicist, showed that in highly evacuated discharge tubes, cathode rays streamed from the negative pole when high potentials were applied. Regardless of the nature of the poles or residual gases in the tubes, the rays had the following characteristics:  a) travel in straight lines from the negative pole (cathode);  b) cast shadows when targets are placed in their path;  c) produce fluorescence in glass walls of the tubes;  d) heated thin metal foils to incandescence;  e) impart negative charges to objects in their path;  f) deflected in a magnetic field.

1887       
Hertz believed that light propagated as an electromagnetic wave.

1891       
G. J. Stoney, an English scientist, suggested the name electron for these units of electrical charge.

1895       
William Roentgen, a German Nobel prize winner, discovered X-rays when the proper target was bombarded with cathode rays (electrons).  These rays were very penetrating and of short wavelength.

1896       
Henri Becquerel, a French physicist, studied uranium salts which fluoresced brilliantly when exposed to ultraviolet (UV) radiation.  When this substance was wrapped in black paper and placed adjacent to a photographic plate, the plate was fogged.  This property was found to be common among all of the uranium compounds and independent of fluorescence, physical state or phosphorescence.  Becquerel is credited with the discovery of radioactivity.

1897       
Marie Curie, a student of Becquerel, isolated a few grams of radium and polonium from a ton of pitchblende.  By an ionization method, Mme. Curie showed that the activity of the uranium salt was in proportion to the mass of uranium in the salt.  In this way, she demonstrated the atomic nature of radioactivity.  This work won her a Nobel prize.

1897      
 Improvement in vacuum pumps led to the study of conductivity of electricity through rarefied gases, leading to the identification of the electron by J. J. Thomson, an English physicist thus determining the nature of the cathode rays.  He measured the ratio of a cathode ray's charge to mass (e/m).  He did so by sending cathode rays through electric and magnetic fields.  This mass/charge ratio was found to be 5.69 x 10-9 gram/coulomb.
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1909       
Robert Millikan, an American physicist who did his most notable work at the University of Chicago, measured the charge carried by an electron.  He used the classic oil-drop experiment in which the rate of fall of a tiny charged oil droplet due to gravity was exactly balanced by an electrostatic field of measured intensity.  From this experiment, he was able to measure the charge of a single electron.  This charge was 1.60 x 10-19 coulomb.
       Note: From this value and the value determined by Thomson, the mass of an electron was calculated.

               (1.60 x 10-19 coulomb)(5.69 x 10-9 gram/coulomb) = 9.11 x 10-28 grams 











= mass of an e-
1911       
Ernest Rutherford, an New Zealander physicist who worked in Montreal at McGill University as well as at Cambridge University in Manchester, allowed collimated beams of alpha particles from radium to pass through thin foils of gold, platinum, silver, and copper and noted the deflections suffered by such particles by allowing them to strike a fluorescent zinc sulfide screen.  Although the majority of the particles passed through the foil undeflected, a limited number were deflected through much greater angles than could be accounted for by attraction between heavy alpha particles and light electrons.  To account for such deflections, he proposed that (1) an atom is largely free space occupied by widely separated electrons, and (2) the mass of the atom concentrated in a tiny, centrally located, positively-charged nucleus. This experiment was called the "gold-foil" experiment.  Gold was used because gold foil could be flattened to only 4 millionth of an inch thick!

1912      
 J. J. Thomson proposed a theory to describe the structure of the atom that was mockingly called the "plum pudding" model.  Thomson suggested that the bulk of the atom was composed of a solid sphere of positive charge impregnated by tiny electrons in concentric rings, or shells.

1913       
Moseley, an English physicist, studying X-rays spectra, introduced the idea of atomic numbers and assigned atomic number 1 to the element hydrogen.

1913       
Neils Bohr, a Danish physicist, suggested that an electron, while spinning in a closed orbit -- the stationary state of the atom -- actually does not radiate energy.  Radiation occurs only when the electron jumps from one stable stationary state orbit to an inner or lower energy level.  Bohr also studied spectral lines which correspond to definite wavelength s of light and related phenomena.  He accounted for observed spectral lines by assuming that electrons in a given shell were further divided into subshells.  A spectral line was assumed to be a result of an electron shift between energy levels.  Bohr enriched his atom model with quantum theory considerations.  In 1916, this concept proved to be superior to the early Rutherford version.

1916       
G. N. Lewis suggested that the number of electrons in the outer layer is 8 in the atoms of inert gases and tends to be 8 in other atoms either by losing or gaining electrons to form charged ions.

1919       
Aston's mass spectrograph data indicated a different atomic weight for hydrogen.  

Aston showed that most of the elements are mixtures of isotopes.
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1924      
Pauli's Exclusion Principle advanced.  No two electrons in the same atom can have the same set of four quantum numbers.

1924       
De Broglie suggested that matter could be exhibit wave properties.  A wave is associated with every particle.

1926       
Schrodinger, using de Broglie's ideas, developed wave equations to solve problems of electromagnetic radiation.  This subject became known as the theory of wave mechanics.

1931       
H. C. Urey, an American Nobel prize winner, discovered deuterium – D or H-2.
1932       
James Chadwick, an English Nobel prize winner, discovered the neutron - a neutral, nuclear particle with a mass approximately that of the proton.

1932       
C. D. Anderson discovered the positron.

1932       
Development of the cyclotron by an American - E. O. Lawrence.

1936       
Neils Bohr advances theory of the nucleus that suggests that the disintegration of nitrogen by bombardment with alpha particles may be considered to consist of two parts - the capture of the alpha particle by the nucleus, and the formation of a compound nucleus and its immediate disintegration.

1940       
Enrico Fermi, an Italian Nobel prize winner, prepared more than 40 radioactive elements by neutron bombardment.

