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Theoretical chemistry or
applied physics



reductionism

Paul Dirac:

»~1he underlying physical laws necessary for the mathematical
theory of a large part of physics and the whole of chemistry
are thus completely known, ad the difficulty is only that the
exact application of these laws leads to equations much too
complicated to be soluble.” (1929)



quantum chemistry

e VB theorists:

— Walter Heitler (1904-1981), Fritz London
(1900-1954), John C. Slater (1900-1976), Linus
Pauling (1901-1994)

e MO theorists:

— Friedrich Hund (1896-1997), Robert Mulliken
(1896-1986)



The discovery of hatnium



standard history

Encylopeadia Britannica : "Bohr pointed out that the
missing element 72 would be expected, from its
position in the periodic system, to be similar to
zirconium in its properties rather than to the rare
earths; this observation led G. de Hevesy and

D. Coster in 1922 to examine zirconium ores and to
discover the unknown element, which they named
hafnium.”



reductionism

Karl Popper:

Vit [the discovery of hafnium] struck us then as
the great moment when chemistry had been
reduced to atomic theory.” (1988)



electron configuration of the atoms
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Element
Barium
Lanthanum
Cerium
Praseodymium
Neodymium
Promethium
Samarium
Europium
Gadolinium
Terbium
Dysprosium
Holmium
Erbium
Thulium
Ytterbium
Lutetium
Hafnium
Tantalum
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Georges Urbain

e Chemist, 1872 - 1938

* Professor of inroganic
chemistry at Sorbonne

e discovered lutetium




Georges de Hevesy

chemist, 1885 - 1966

Copenhagen, Freiburg,
Stockholm

radioactive tracers,
hafnium, neutron
activation analysis

Chemistry Nobel
Prize, 1944

Scanned at the American
Institute of Physics




The theory ot adsorption



Michael Polanyi

Physician, chemist,
philosopher, 1891 - 1976

Budapest, Berlin,
Manchester,

Roentgen crystallography,
theory of adsorption,
reaction kinetics,
philosophy




Polanyi’s formula for adsorption potential

e =1 ()

€ is adsorption potential

(D is space above the adsorbent



Irving Langmuir

Physicists, chemist, 1881 -
1957

USA, Research
Laboratory of the General
Electric Company at
Schenectady

Theory of chemical bond,
adsorption, incandescent
light bulb, atmospheric
science,

1932, Chemistry Nobel
Prize




Fritz LLondon

physicist, 1900 - 1954

Munich, Zurich,
Berlin, Oxford, Paris,
USA Duke Univ.

quantum physics,
quantum chemistry,
superfluity,
superconductivity




Dispersion force
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A and B two atoms
VA and VB are the dipole polarizabilities

IA and IB are the first ionization potentials
R is the intermolecular distance



dispersion force above the adsorbent

From the two-molecule formula

c/ré

one can derive the attraction to a surface formula
¢ = Nc/6d3

where d is the perpendicular distance from surface
to molecule



Polanyi1’s letter to a friend

“Whose fate is better, mine or Langmuir’s? My theory is
absolutely right but not accepted. Langmuir’s theory is wrong
but very famous... Langmuir is better off.”



Polanyi’s memory of his thory of
adsorption

*‘my belief in my theory was quite unshaken..."
and he went on in this way "I became immune
to these objections, but I remained powerless
to refute them.”



Conclusions

* neither 1n the case of the discovery of
hatnium, nor in adsorption theory were
reduced chemistry quantum physics

e quantum physics had a heuristic and
interpretative role in chemistry

* the two fields cooperated both intellectually
and sociologically




