DOUBLE SHELL STRUCTURE

OF THE PERIODIC SYSTEM
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Fig. 1. The Periodic System of the Elimenls (PSE). For the :.; B; 0
shel! number holds: N=n-+{, N=I=Inax of the shell. H | e

A classification in terms of the conventional prin-
cipal quantum number n and the orbital quantum
number [ is given in Fig. 2. Evidently, for each
single shell not n is a constant but N=n+1[. This
possibility of characterization has been noticed as
early as 1926 by MADELUNG ! and has again been
stressed only recently by GoupsmiT and RiI-
CHARDS 2; however, no further conclusions were
drawn.
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Fig. 2. 8-Shell-Classification of the PSE in terms of the con:
ventional quantum numbers.

In fact, as evident from Fig. 1, the PSE exhibits
high symmetry. It consists of boxes which form a
triangular matrix. Each box contains 4(21+1) ele-
ments, The multiplicity (21+1) is due to the well
known space degeneracy as described by the mag-
netic quantum number m with the values

~lEm= +1.

There is a doubling of states in the horizontal di-
rection which is ascribed to the spin s, s= £ 1/2
and a similar doubling in the vertical direction
which we shall describe analogous to the spin by

introducing tentatively a new quantum number c,
c=11/2,

Clearly, the PSE exhibits a double shell structure
in a twofold sense: a) There is a shell structure
both in the horizontal and vertical direction and b)
each shell is at least a double shell.

3. Properties of the Elements

From the chemist’s point of view, the new PSE
preserves at large the relative position of the usual
chemical groups. In addition, proceeding along the
outer edges either horizontally or vertically, there
is in general only a relatively small change in the
chemical properties of the elements; if this rule
could be put on a physical basis, the chemical simi-
larity of the lantanides would need no special justi-
fication. As a byproduct, in the new PSE alkali
halides are centered naturally around the noble
gases in a similar way as the JIII -V and II—VI
semiconductors are centered around the elemental
ones.

It is an essential feature of the conventional PSE
that it exhibits a shell structure in the horizontal
direction. Many physical and chemical properties
vary more or less continuous with increasing filling
of the 2(27+1) states in a given subshell /, but
there is a discontinuous change in going horizon.
tally from one subshell to the next. If the notion of
double shells in the vertical direction is of physical
reality, one should expect a discontinuous behaviour
by proceeding along the elements of a given chemi.
cal group.

3 HitrE, Taschenbuch der Werkstofikunde (Stoffhiitte), Aka-
demischer Verein Hiitte, Hrsgh., Berlin 1967, p. 18.



