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Abstract

An equation of groups and periods in the Periodic
Table was obtained which connects the spin information
content of chemical elements with the sguare of their ato-
mic number, A concept was introduced of the "defect" of
information upon atomic electron shell formation.

The ways of expressing the Periodic Law in analyti-
cal form have been under study for a long time 1. Equations
have also been suggested, which connect the elements of a
given period or s, p, 4, f-subperiods 2. Information Theory
was applied in the present paper in order to derive equati-

3,4

ons of groups and pericds in the Beriodic Table, on the ba-
sis of electron spin.

The information on electron distribution in an atom
over two groups, according to their spin, we shall call
"gpin information". The total spin information Is' in bits
per atom, as well as the average spin information of the
atom ia' in bits per electron, can be determined by the ba=-
sic equations of Information Theory '4:

. T = ay
Iy = zlogyz = 5,108,z - 2,108,2,; I Is/z &)
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The above,z, z,, and z, are the total number of electrons
in the atom and the number of electrons with magnetic spin
quantum number +1/2 and -1/2, respectively.
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Fig.1 Average atomic spin information of chemical elements

As it can be seen in fig.1 the average spin informa-
tion is a quantity reflecting the principal features of the
electronic structure of atoms. The beginning of each period,
as well as of s, p, d, and f-subpericds, is clearly expres-
sed by an initial point in the descending part of the curve.
These points follow directly after the value is = 1 bit,cha-
racterizing the elements which end the preceding periods or
subpericds. This value illustrates the result important to
Atomic Theory, that the spin information of the closed-shell
atom, expressed in bits, is exactly equal to the atomic num-
ber of the chemical element5. The elements having a maximal
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number of single electrons in a given subshell, manifest
minima in fig.1. On each of the two parts of the information
well, according to Hund's rule, there are 21 + 1 elements.
With the increase of the atomic number the differences in
the spin information content of elements decrease and Es
tends to 1 bite

If one connect by a common line in fig.1 the elements,
belonging to a given group of the Periodic Table, curves hav=-
ing a parabolic character can be obtained., This indicates
that it is possible to derive group equations, associating
spin information with the atomic number of the element.

Let us denote by a the number of single electrons in
the atom., Then the number of electrons having parallel spin
will be z, = (z+a)/2 and Z, = (z=a)/2 and equation (1) will
be written thus:

Z+a Z+a Z= Z=3a
I = logys - %32-10g, %52 - %52 log,%5® (2)

After making some transformations and developing the
logarithmic function in a series one can obtain
oo
is =1 -4 [1 + [EU2% - (3)
n=1 (n+1)(2n+1)
where A = a2/21n2 is a constant for a given group of ele-
ments.

Neglecting the sum in equation (3) we shall obtain a
parabolic equation between the average spin information and
the atomic number of the chemical element:

= A
Ig=1- 3 (4)

The error incurred by this is rather a small one.,
Equation (4) is quite correct for the 18 closed-shell ele-
ments, The relative error is less than 1U"3% for another 66
elements, it is between 1077 and 10'2% for another 12, it
is from 10~2 to 10~ 1% for four elements and only for H, N,
C and Li is it more than O, 1%.

Equation (4) can be considered as an equation of
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groups in the Periodic Table, The elements of some groups
have in their ground state an equal number of single elec-
trons (groups II and VIII-O; groups I, III, V-1: groups IV
and VI-2), For these groups the group constant will have the
same value, A= 0, 0,7214 and 2,3856, respectively. The iden-
tity of group equations can be avoided taking 25 2 basis the
highest valence state of chemical elements, just as lMende-
leev did in order to arrange the elements in vertical groups.
Then for groups III to VII the constant A will have the fol-
lowing values: 6,49326, 11,5424, 18,0350, 25,9704,and 35,3486,
Only a few elements with an anomalous electron structure
(Cr, Cu, ¥b et al.) do not obey the group eauations (4),
since the number of single electrons in them differs from
the number typical for the group.

Equation (4) can be modified so as %o be an_equation
of groups and periods simultaneocusly:

- 2
T e Ty oo = ] 8 (5)

2 ; 2
(zo+ n) ?ln2(z°+a+b)

where Z, is & constant for every period, equal to the ato-
mic number of the element ending the preceding period,

n=2z=-2,can be considered as the atomic number of the
element in the period, while g and b are the single and pai-
red electrons over the closed tshell of the element with ato-
mic number Zgye

The derived spin information equations of groups and
periods in the Periodic Table could be applied in analyzing
the periodicity in the properties of chemicel elements as
well as for some other problems of the Periodic Table, Apart
from this, questions arise concerning the great vroximity
(and in one specific case - the ecuality) of the snin infor-
mation to the atomic number of the element, The rather small
difference between two quantities(equal to A/z)can be called
"defect of information", by analogy with the defect of mass
in atomic nuclei, This quantity expresses the loss of spin
information upon the atomic electron shell Tormation, since
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the electrons, because of the way they are distributed on
the atomic orbitals, do not always carry 1 bit of informa-
tion. Since deviations of I8 from the integral value of z
take place only when single electrons fill the orbitals,
one could expect the defect of spin information to corre-
late with the change in electronic energy due to Hund's
first rule,
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