%&?ﬂfﬁ?lﬁkﬂé& and Screening Constants in X-ray Specira

In 1920 Hertz?3 announced the discovery of a new type of
regularity in the x-ray energy level diagram. If the levels Ls, Lu,

Md L are plotted on a Moseley diagram (1/»/R against Z) the

Ly and L levels diverge as the square of the corrected atomic

N number increases, as we see from eq. (8.17). Hertz noted that on
. the same diagram the L; and Zm levels run parallel, preserving 2
~ constant A\a/‘ ¥/R separation independent of atomic number. This

- is shown in Fig. VIII-14.

~ For the explanation of this behaviour we must consider the inter-
pretation of the level Zr. The preceding two sections of this chapter
~ have developed the hypothesis that the levels Lo and Ly arise
k from the configuration 2p5. According to Tablg VIL[-3, there are
. two electrons with #» = 2 whose / value is zero. Hence we may
~ ascribe L; to the configuration 2s'. The J value is made up entirely
by the spin of the remaining electron, hence J = 3%. In the hydrogen
" atom the term with n = 2, / = o, j = }, 22Sy, coincides with 22Py,
as we see from Fig. VIII-8. Tn an alkali, sucn as 11 Na, we find the
- 25 and *Py terms of the same total quantum number having a
separation_enormous_com ared to that of the corresponding 2Py
and 2Ps, due to the effect of screening on orbits of different / values.
In the x-ray region_the separation of “the analogous LrLu levels 1s
also due to the effect of screening, but here it may even be smaller

L

1 e -,

n the Lu L separation which, as we Rave seen, increases as the
urth power of the effective atomic number. Thus in uranium, the
Lg separation is §9.9 y/R units, whereas the LaLm separation in
e units i1s 278.5.

tion to the ZiLn separation, such screening doublets arise
the levels MiMu, MmMi, NiNu, NmNiwv, NyNvi, etc.
“we are dealing with adjacent levels arising from configura-
sivalent electrons whose™/ values differ by unity. Ihe
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interpretation of these separations is founc by writing out the

appropriate expressions from egs. (8.18) and (8
s s 10 ke
Ly, My, M, Ny, Nm, and Ny we have \') Ey ]9) Zcithe lepels

= E(ty & fy=— Rhe (Z—ﬂ)s_ (Z—a2)* C w3
ey Rhca? - T - (8.33)

and for the levels L, Mu, Mv, N, Niv, Nvi we have

E@, "= —Rﬁcw—&&agw (EI i)_

s n'2 4 i (8.34)
Using the relation :
: 2 _|E( L))
. R | R

2nd taking the squar ros, we obain from (5.3

Y Z—0 o (Z— 7a)* (} n
e n it wmd Z — g + 1 (8.35)

' Glrpress:on ﬁ'om‘eq. (8.34). If now we solve for
ence of a screening doublet, we have # = »’ ang

@3 (I?' bt { (Z—a)* (Z-o Ok
n T an i 4) 2 7, ’ i

SRR | s . -
rm in the right-hand member of eq. (8 6
igh calculation, whence ) ey be

2 (8.37)

g character from element to element
_the atom lead us to expect

of Z, hence the behavior
Sommerfeld2® has discussed
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this correction by defining a “ reduced " term value as follows,
from eq. (8.33):

" _(\_2 ., n__3\_Z=-a)
(R)md_-(R) i ""’)‘(/+: )'___fj______ (8.38)

This reducing process, if applied to the terms whose difference follows
the spin doublet formula, has the effect of producing the same
reduced term from both of them. In other words, they are reduced
to their parent n,/ level analogous to the level which would be
obtained from eq. (8.07) if the third term in the bracketed part were
not present. Thus for the reduced terms we may properly speak
of the screening doublet as existing between L and LuLm, or between
NwNv and NviNvm, etc. For these reduced terms, eq. (8.36)
should be strictly accurate. We may reduce all terms except L,
M, Ny, etc., by using values of a2 from Table VIII-10. When this
is done, and ¢ values calculated by (8.38), we find that for MoMm,
MMy, NaNm, NwNvy and NvilNvna, Ao is indepcndcnt of Z, as
exhibited in the curves of Fig. VIII-15.

We cannot obtain values of o2 for the terms Ly, M1, Ny from the
spin doublet equation; they have, however, been found by the
following method. The observed terms for these levels are reduced,
using various assumed values of o2 until one is found which makes
the As; values independent of Z. In this way the following values
of o2 have been found: Li, 2.0; My, 6.8; N1, 14. It is an interesting
fact, as yet unexplained, that the Ag; values obtained in this way
are approximately integral multiples of 0.57.

Let us consider for a moment the difference between the screening
constants ¢; and o2 for a given level. By a comparison of Fig.
VIII-15 and Table VIII-10 it is seen that gy is larger than o2 and
that while o2 is independent of atomic number, o1 Increases as Z
increases. The difference between o) and o2 has been ascribed by
Bohr and Coster3? to the fact that while o1 includes the screening
effects of the electrons in shells internal and external to the shell
in question, g2 concerns the internal screening only. These state-
ments cannot be true in a highly precise sense, since due to the inter-
penetration of the shells, no sharp distinction between internal and

external shells is possible.

The simplest numerical calculation of the external screening effect
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due to a given outer shell would be based on the concept: of the-
uniform dlstr:br::tion of the charge of the z electrons in that shell on
a sphere of radius pao, 4, being the radius of the first Bohr orbit in
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f1G. VIII-15. The screening constant oy as a function of atomic number. (From
Sommerfeld, Atombau und Spektrallinien, p. 309 (5th Ed.).

iydrogen. The work required to bring an electron from ipﬁiqm
his shell would be ve? IR '

pao Cite
nd the main term in the energy of the screened electrons would be

e

~Aik 4

(Z — a)? (Z = 00)? T
E(n)=—R}::T=—Rﬁ€ o +me (8.39)
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' ts the eficet of screens internal to the
: which o represents the effect of screening by levels interna
(1::1: in 'questiol:x. If such a calculation is made, 1t is not foundfthd:t
so and o2 entirely agree, indicating the approximate nature of the

considerations. From eq. (8.39), however, we see that the contribu-

to the fa si ' is greater in a shell
1 the external screening of a single electron 1s grea
e % This explains the sudden

1 larger radius.
:ﬁ ‘:1 ttg:nsl;npeo:f? dc':fe :;1'8 against Z curve for the M and N levels
near atomic number 57 (Fig. VIII-15). At Z = 47, where tl}e c.urvcs;
begin, added electrons go into §s or 52 shells, but at the begmmnE. :h
the rare earths, at §7 La, electrons begin to enter the 4f shells, whi
are presumably of smaller effective radius.3!
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