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For calculations of the K-absorption spectra of molecules in the short-
wavelength region, a method was proposed in (!), which was subsequently
developed and refined as applied to the K-absorption spectra of metals (2, 3).
A feature of the method (1) is that, when it is used, the potential of the system
V(r) is averaged over the surface of a sphere centered at the absorbing atom.
In other words, only the zero component is retained in the expansion of V(r)

in a series in spherical functions V(r):

VE)=Vor)+ Y Vi)Y, (0,9), (1)
1#0, m

Vo(r) = 4= [ viran )

Further, in finding the wave function of the final state of the photoelectron, the
part V,(r)—the potential inside the absorbing atom in the system V, (r)—was
taken into account exactly, while the difference V'(r) = V,(r) — V,(r), or the
“potential of the surrounding atoms” (2, 3), was treated as a perturbation. In
(*) it was shown that the sphericity of the initial 1s state and the averaging of
the absorption coefficient 7, over the polarization of the radiation, which in fact
occurs in experiments with molecules and polycrystalline samples, leads to the
result that for these objects 75, does indeed depend only on the component V;(r)
of the potential, but only for those photoelectron energies for which perturbation
theory for nondegenerate states is applicable (°). This condition is violated in
the case of a periodic V(r) for electrons with quasimomenta k satisfying the
Waulff-Bragg condition (k —27g)? = k? (g is a reciprocal-lattice vector) (%). Let
us show how this fact is reflected in the results of (2, 3).

For simplicity we restrict ourselves to the case of a crystal with a center of
symmetry and expand V(r) in a Fourier series
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= Z V, cos(2mgr). (3)

Let us average (3) over 6, ¢ in order to obtain Vj(r) (2). Passing in the integra-
tion to variables x, v, where x = gr, and 1 is the angle in the plane normal to
g, we obtain:

1 o .
= —W/ V(r)dQ =V, Z / / cos(2mgr cos x) sin x dx dy =

g#0

sin 2mwgr
Voo 2 Vog o (4)
970 g

where V,, is the mean potential of the crystal. The formula for the relative
absorption coefficient (with ionization of the 1s shell) in the model (®) has

form:
T/To = 14+ 2 (1" cos2ny + 1" sin2n,), (5)

where 1, (k) is the phase of the electron wave in the field V,(r) for I = 1,
=7or / V(&) sin 2k d¢,

h2k/ V' (€) cos 2kE dE,

Vir)=Vy(r)—=V,, forr>r,.

We have not restricted the region of integration in I’ and I” to some value
R, but have extended the integration to the entire crystal, i.e., formally to oco.
Substituting series (4) into the integrands I’ and I” and assuming that V' (£) is
measured in units of e?/a (a is a certain characteristic lattice parameter), &, 7,
in units of a, and k in units of 1/a, after elementary transformations we obtain:

,_aja
I = 024% [ci2(k 4+ wg)ry — ci2|k — wg|re] s (6)
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17 a/ao Z T {7 —si2(k + mg)ro + sign(rg — k) (5 —si2ry|k — 7Tg|)}

(7)

where

si(x):/ bl—ntdﬁ and ci(x):—/ &Std
0 T

are the sine and cosine integrals, and a, is the Bohr radius.

From expression (6) it is immediately evident that, since ciz ~ C + lnz as
x — 0, I’ tends to co as k — mg, and near such a k, I’ ~ In |k — wg|. Together
with I’, the first-order correction to the photoelectron wave function defined
in (3) also diverges. This means that the model (*3), based on perturbation
theory for nondegenerate states, is inapplicable for polycrystalline samples at
photoelectron energies

h2k2 R2
= —(mg)*.

:2m_%

For k close to mg, in the nearly-free-electron approximation one obtains a fluc-
tuation of the density of states (©7). We shall show that in the model (*?)
a fluctuation of the absorption coefficient may be observed in this region. Let
¢ = |k —mg| > 0 ( “resonance deficiency” ()). Assuming that there exist
¢ K g, —7gy (g1, g are successive reciprocal-lattice vectors) for which the the-
ory (>?) is still applicable, and neglecting ¢ in comparison with 7g, we obtain
from (6) and (7):

a) for k=mng; — ¢

, a/a : 1
I ~ T“O Z [ci2(mgy + 7g)ry — ci2(ry] — drg Z Vo (8)
9170 |g|=const
” a/ao i i
I ~ . Z [m —si2(mg, + wg)rg —si2|mrg, — 7T9|7’0 Z Vot
91709, \g| const

> Vg} ; 9)

. . 1
+ [ —si(4mg,my) — si(2nro)] 7
lgl=91

T,

b) for k=mgy + ¢
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~ a/ag

” . . 1 . .
17 = ka { Z [ —si2(mg, + mg)ro —si2lmg, — mwglro] Ing Z Vi, + [=si(dmgyrg) +8i(2¢rg)]
lgl#0,91

|g|=const

(10)
I’ does not change in comparison with (8).

According to (9), (10), upon passing through the value k = mg;, I” changes by
a finite amount:

a/a Z\g\:gl Vg_

” o S ~
I"(rgy — ) — I"(mgy +¢) ka 4g,

(11)

The change in I” will lead, in accordance with (5), to a finite change A7 in the
relative absorption coefficient:

2
e
ala Z — Vg . 7N91V91 s
Ar = r{ng—C)—r(ngy+¢) = 22190 Zl=0 19 o gy = @
ka 49, h , 4
2ma2(ﬂ-gl)
(12)

(in the last expression (12), for simplicity, we have put V, = V|, N, is the
number of reciprocal-lattice points on the sphere of radius g,).

Thus, just as in the approximation (%7), the magnitude of the fluctuation of the
absorption coefficient near k = mg is proportional to

N V. h2
g9 E = 2
Eg < g 2ma2 (ﬂ-g) ) ’

but, in addition, it also depends on the phase 1, (g, ) of the field of the absorbing
atom in the crystal.

Let us estimate the energy interval AE near E, outside which the theory (23),
and hence formulas (5)—(12), are still valid. For this, for £ < E, — AE, E >
E,+ AFE, the condition

e2

I’ ;Néh ‘/91

h2
2ma?

( )2 8
‘g

must be satisfied, where ( = |k — 7g|, and AFE is related to ¢ as follows:
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2 h?

E
o (mgy 4O — 5 (mg)? ~ L2 (14)

2ma? T,

AE=E-E, =
1

For a KCI crystal in the region from £, = 11.7 eV (g = v12/2) to E, = 31.2

eV (g = V/32/2), the interval AFE is largest for E, = 19.5 eV (g; = V20/2)
and is ~ 0.5 eV. The estimate was made using formulas (13), (14); N, = 24,

rog = 0.5a, a = 59ay; V, = —0.57¢?/a was calculated from known atomic

factors of the ions K* and Cl~ (®). Since the region 2AFE < 1 eV, where the
theory (?3) is not valid for KCIl, proves comparable with the width of the K-
level itself (v ~ 0.65 eV for K and 7 ~ 0.60 eV for Cl (?)), and for a number
of values of g is considerably smaller, it may be assumed that in many cases its
presence is insignificant and does not show up when comparing the results (>2)
with experiment. However, in each specific-

in that case a special estimate of the quantity AFE is necessary for different g.

I express my deep gratitude to K. I. Narbutt for his attention to and interest in
this work.
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