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Discovery of Isotopes

• ~1800: compounds and elements had been distinguished; about 39 elements
recognized, discoveries of new elements occurring rapidly

• J. Dalton: first atomic theory - all matter is made of atoms which cannot be
further subdivided; all atoms of a given element are identical in all respects,
including mass, but atoms of different elements have different masses

• 1870: ~65 elements recognized; Mendeleev organized available chemical
knowledge into periodic table

• ~1900: periodic table complete up to U
• Problems: atomic weights of elements did not always increase with the

atomic number, and therefore position on periodic table (e.g., Ar > K, Co >
Ni, Te > I); samples of lead from different localities had different atomic
weights (Richards); discovery of radiation and change in nuclear structure
(Roentgen, Currie, Thompson, Becquerel);

• 1914: F. Soddy proposed a resolution to the problems by arguing that the
place occupied by a particular element on the periodic table can
accommodate more than one kind of atom.  Soddy coined the term
“isotopes”, Greek for “same place”.  A standard definition is: Isotopes =
Nuclides of a single element that have different atomic weights

• Confirmation of isotopes: Thompson (1913) used charge to mass ratio to
show that neon comprises two different types of atoms with masses of 20 and
22.  Aston constructed first mass spectrograph, and by 1919 had discovered
212 of the 287 naturally occurring isotopes

Today: more than 2500 nuclides known, yet together these constitute only about
110 different chemical elements



A new model for the atom



Isotope Definitions



Chart of the Nuclides



Urey - Stable Isotopes

• 1931 - Harold Urey (U. Chicago) predicted on
theoretical grounds that there should be a difference in
the vapor pressure of hydrogen isotopes

• 1934 - Nobel prize for discovery of deuterium
• WWII - separation of 235U by gaseous diffusion
• 1950’s - separation of oxygen isotopes in nature
• Urey’s original work led to the field of stable isotope

geochemistry

The Nobel Prize in Chemistry 1934
"for his discovery of heavy hydrogen"



The field of stable isotope geochemistry

• Elements - half of the elements have at least two stable nuclei
– Light Heavy
– H    Fe
– “Environmental isotopes”

• Chemical Systems
– Inorganic/Organic
– Terrestrial/Marine
– Atmosphere/Hydrosphere/Cryosphere/Lithosphere/Biosphere

• Applications
– Earth Sciences
– Planetary Sciences
– Biological Sciences
– Medical/Life Sciences
– Forensics
– Energy
– Technology


