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FILLING OF ELECTRON SHELLS OF COMPRESSED ATOMS IN THE STATISTICAL MODEL
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A statistical analysis of the electrons of the atom makes it possible to show sufficient-
ly simly that at high pressures the electrons with given quantum number ! can first appear in
elements whose atomic numbers are smaller than the atomic numbers of the periodic system.

In the simple Thomas-Fermi (TF) model, it is most convenient to solve the problem with
the a2id of the Lenz-Jensen variational method [l], since the existing solution of the TF equa-
tion for the compressed atom (2] does not make it possible to vary its radius continuously.

On the other hand, in a model in which quantum corrections are teken into account [3], the
general solution of the problem is possible only with the aid of a variational method. By
virtue of the normalization condition for the compressed atom, the electron-density distribu-
tion function can be chosen only in the zeroth approximation.

In the TF model for a compressed atom we have
p = (2A3/16x) (e 7/A3(1 - 7)] (1)
where A = (kR)l/z, A is a variational parameter determined from the condition that the total
energy of the atomic numbers be minimal, y = (1 + A + A?/2)e'A is a correction term, and Z is
the atomic number of the element.

Starting from the simplified Sommerfeld condition [h], we can show that for a compressed
atom the first appearance of s-, p-, d-, and f-electrons will be determined by the formula
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2, = 1.26(1 - 7)(L + -%)3 (2)

The factor (1 - 7) in (2) will decrease with increasing pressure, and consequently, the
atomic number Z of the element in which the electrons with given quantum number I first appear
will also decrease. It is easy to determine the factor (1 - 7), meaning also the parameter A.

Following Fermi (5]

, we can show that formation of electronic groups in a compressed
atom depends essentially on the pressure and is determined with the aid of the following rela-

tion X

N, = [2.132Y/3(2 + (1 - 5)-Y/3[[e72¥/32 - a]3/z & (3)
X
where :
a = (16/372)2/3(1 - ) (1 + 3)?

The results of the calculation for A= =

(P=0) and A=4 (P =2.37 x 102710/3 atm) are 25_

shown by the dashed and continuous lines in the i =—-
Figure, respectively. It is seen from the fig- 2ol ///,,—::::/’ P
ure that the number of the d- and f-electrons e A A
increases appreciably in atoms with increasing [ ,/'/ //”’/

pressure, and g-electrons also appear; on the 0 L z; L 42’//' j; ' 52 L sz

other hand, the number of s- and p-electrons

increases very little. It follows also from the figure that the first appearance of electrons
with a given quantum number shifts towards the elements whose atomic numbers are smaller than
atomic numbers corresponding to the periodic table.

An analogous calculation was carried out for a compressed atom in the statistical model

with account of quantum corrections (3] that have the same order of masgnitude. In this model,
the electron density function must be chosen in the form 1k
A At k
o = [zat?/20mbt ][ /(1 - 1)1, At = WRYS, oyt = et Z(A /k) ()
k=0
For Zl and Nk the following relations were obtained
1
Z, = 1.38(1 - y") (2 + 5)° (5)
14
]
N, = [1.1221/3(1 + %)10’3(1 - 7)'1/3f[(z'2f/3x'1° - a']%".— (6)
X3

a' = [(10 x 1)4-!)/37['2}2/3(1 - 7!)2/:3(1 + %)2

In the model with the corrections, the dependence of the energy of the atomic shell on
the radius is such that one can speak of its finite dimensions in the absence of pressure.
This makes it impossible to determine for several elements the pressure at which the electrons
with a given quantum number first appear. On the other hand, the dependence of N, on the

1
pressure is the same as in the TF model.
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Atomic First appearance Pressure, atm

Element number of electron number TF model Model with corrections
K 19 2 1.57 x 108 -
Ca 20 2 1.91 x 10% -
Sn 50 3 1.5% x 107 1.03 x 107
Te 52 3 6.32 x 10® 2.08 x 108
Ba 56 3 1.57 x 105 3.17 x 10°

The table lists for several elements the calculated pressures in the TF model and in the
model with the quantum corrections.
We are grateful to I. V. Shirmanova, V. T. Aleksandrov, and G. G. Gurbanov for program-

ming and help in the calculations.
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The transition of a metal into an intermediate state is accompanied by a sharp decrease
in the thermal conductivity of the electronic excitation [1], thus evidencing their reflection
from the boundary between the normal and superconducting phases. It was shown in (2] that the
excitations suffer a strict reversal of the motion upon reflection. As a result, motion of
the excited normel phase sets in between its boundaries, leading to quantization of the energy
levels with characteristic energy & = *iv/a, where v is the velocity of the electrons on the
Fermi surface and a is the dimension of the regions of the normal phase of the intermediate
(31,

Quantization of the energy levels should lead to a change in many characteristics of the
normal phase, particularly to a decrease in the specific heat C in the temperature region
kT < kTO = ¢.. The present investigation was undertaken to ascertain the extent to which this

]
decrease actually takes place.

state
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