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ABSTRACT

A method has been presented for calculating
semiempirically the adiabatic relaxation energy
(ARE) for excited states of atoms which are
ionised in K- and L-shells simultaneously. The va-
lidity of the method has been tested by calculating

the complete Kajay satellite spectrum of nickel,
which is found to be in excellent agreement with
the observed spectrum. Finally, the values of ARE

for KL states of atoms with 7 = 12 to 44 have been
presented.

RESUMEN

Se presenta un método para calcular semi- em-
piricamente la energia de relajacidn adiabatica(ARE)
para estados exitados de dtomos, los cuales son
ionizados simult@neamente en los niveles K y L. La
validéz del método ha sido probado calculando el

espectro satélite de niquel completo Kajay el cual
se encontrd en excelente concordancia con el espec—
tro observado. Finalmente, se presentan los valores
de ARE para los estados KL de &tomos con 2 = 12 al
44,

INTRODUCTION

The energy values of two hole excited states
of atoms in inner shells are very ugeful and
essential for explaining the presence of various
satellites in X-ray spectra. Furthermore, such two
hole states form final states for the emission of
various diagram lines in Auger electron spectra.
These also are the initial states for the
emission of satellites in Auger electron  spectra.
Many papers on the calculations of KL, LL, 1M, MM
and MN states of atoms have been reported{"7. The

KL state, in particular, has been dealt with by
many authors, namely Candlinl!, Assad 2, Horak 3 N
Aberg", Demekhin and Sachenko > and Giantureo et.

al.5, A1l these papers have used different prin-
ciples for calculating the KL energy levels. The
one, namely that by Demekhin and Sachenko® is based
on the use of Slater integrals, Fy and Gg, for cal-

culating the interaction hetween two holes. However,
they have used the modified values of Slater inte-
grals so as to include the effects of the presence
of two inner shell holes on the ground state atomic
wavefunctionsg. Contrary to this, Shirley7 has sug-
gested that it is possible to use peutral atom

Slater integral values and a correction term,namely
'Adiabatic Relaxation Energ;'(ARE) should be ap-
plied to Slater formulas °:’. This term represents

the change in binding energy of an electron when

outer orbits relax to smaller sizes due to effec-

tive increase in nuclear charge arising due to

removal of an inner electron. Larkins has used

this technique and found very good results for var-

rious LL, IM, MM etc. states of all the atome with

Z =10 to 100. However, he has not considered the

KL stares due to the fact that his study was con-

fined only to diagram lines of Auger spectra. In

the present paper, the values of ARE for "these

states of atoms from jjNa to y4Ru are reported.The

method used for the calculation has been described

in Sec. 2, while testing the validity of the method

forms the subject matter of Sec. 3. Finally, in Sec.

4, the values of ARE for various atoms are present—

ed and discussed.

2. METHOD OF CALCULATION

The present method of calculation is based on
the assignment of the intense satellite Koy to the
transition KL21P1 = L2L3102. This assignment  has

been suggested and confirmed by wvarious X-ray
Spectroscopistsl?2?#7629 e assignment gets
support from the fact that the satellite oy is -the

most intense line observed in the azay spectrum and
the transition under consideration has the: maximum
probability of occurrencel® out of all the KL + LL
transitions. The initial and final state energies
for closed shell atoms,,sCa and 392n. have  been
calculated by using the formulas®:”’.

E(KL,'P1) = E(K) + E(Ly) + FO(ls, 2p) -% Z2p

27/
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and
E(LaLidy)= 2E(L) + FO(2p,20) - 35 F2(20,20)- 7 Ty

i 1 .1 2
+ [(g5 72p,2p) + Thp) 7T ] @

where
2
" =3 [E(Ly) - E(L3)] vee (3)

In these equations, E(K) etc. are the one hole
excited state energies, FK and GK are Slater inte-
grals for the two hole pairs mentioned in the

braces attached to them, and 7 is the spin or-
bit interaction parameter for ~°2p state.The values
of E(k), ete. have been taken from the Tables of
Bearden and Burr!l! and the values of Slater inte-
grals from the Tables of Mann!2. These caleulated
initial and final state energies and the transition
energies are shown in the columns 2,3,and 4 respec-
tively of Table 1.

As suggested by Shirley7, the two hole state
energies (of columns 2 and 3) are to be reduced by
adiabatic relaxation energies, say k; and kp, for
initial and final states respectively. Larkins 3has
suggested one more correction, namely solid state
correction to account for the fact that formulas(l)
and (2) apply for individual atoms and the experi-
ment is performed with a solid bulk. However,this
correction has been shown to be same for all two
hole states of the atom and hence donot affect the
transition energy. Therefore the calculated transi-
tion energy should be higher than the measured Koy
energy by Ak, the difference between ki and ky.
The Ka, energies, taken from Cauchois Tables 14 gre
shown in col 5 and the Ak values in col 6.In col 7,
the values of ky, namely ARE for LpLastates, taken
from Tables of Larkins’ are shown and in last
column, the values of k(KLp) , estimated by adding
values in columns 6 and 7 are shown.

3. TEST OF THE METHOD

Larkinst® has shown that the ARE for a partic-
ular two hole state remains unchanged so far as the
principal quantum numbers, n, of each of the two
holes does not change. Thus, for all KL states of
an atom, the values of ARE can be taken as same as
that found for the ElglPl state. Further,the values
of ARE for a particular two hole state is found to
increase linearly, to a first approximation, with

' increasing Z. Taking these two assumptions as valid

for KL states, the k(KL) value for Z = 28 has been
calculated by interpolation of the respctive values
for Z = 20 and 30 (Table 1). The value comes out
to be 52.2, eV.

In the second step of the test, the wvalues of
all KL and LL states of nickel have been calculated
using formulas similar to equations (1) and (2)3'7.
All KL state energies have been reduced by the ARE

value 52,2 eV, while all LL values have been simi=
larly corrected using 42.0 eV® as the ARE value for
this state. The various allowed KL + LL transition
energies have been calculated and compared with
experimentally measured values of Kuja, satellite
spectrum of nickel'® ™28, A1l these calculated and
observed values are shown in Table 2. An excellent
agreement between values in last two columns con-

firms the validity of the method employed for esti-
mation of ARE values for KL state.

4. VALUES OF (ARE)FOR KL STATES OF ATOMS

The above discussion has proved that the adia-
batic relaxation energy can be semi- empirically
estimated by comparing the theoretically calculated
KL, P+ L2L3lDz transition energy with Ka, satel-
lite energy observed in the X-ray emission spectrum
of the atom. A look at Table 2 further reveals that
the mutual separations of various KL™ LL transi-
tion energies are clearly reflected in similar sep-
aration of measured satellite energies of ajzay
spectrum. This shows that the Slater formulas can
be used for calculating the doubly ionised KL
states of atoms, even in transition metal atoms in
which there are many holes in inner d subshell
while outer s subshell is full. Further,this equal-
ity of calculated and observed separation energies
confirms Larkins' suggestion that for all KL
states, the adiabatic relaxation energy can be
assumed to be invariant. Looking to these in-
ferences, the values of ARE for KL states of all
those atoms have been calculated, in spectra of
which the satellite Ka, has been repottedl“. These
values are shown in Table 3. A comparison of these
values with similar values® for LL, IM, MM, MN and
NN states of these atoms shows that as the position
of either hole shifts inwards, the value of ARE ,
increases. This is expected due to the fact that
atomic wavefunctions are more susceptible to inner
vacancies compared to outer omes, This indicates
that ARE for KK states should be highest among all
doubly ionised states. These energies shall be
presented somewhere else.

Another property of ARE, namely a linear
increase with 'increasing Z is also shown by the
k(KL) values presented in last column of Table 3.
However, there are some departures from this lin~
earity in case of elements with Z = 15,22 and 37
to 46, excepting 39. This is probably due to wrong
identification of the satellite n, in their spectra.
This can be confirmed only after a reinvestigation
of these spectra.
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Table 1 1 Comparison of Kiy™Py = Lgly'D, transition energies with Ks, satellite and

evaluation of Adisbatic Relaxation Bnergies for Ki,'P, state.

U;?o“md:‘td( :ﬁw. U:oorr;:;;d lonhm-d Vuluo( ) Value ofb) Value zt)

8 ram n 4 £k k (]

u 1 'r- snerg ('Y) satellite °A (Lh) kml)
ﬂa ri % DQ energy (.v) (.') (e¥) (eV)

(1) (2) (3) (4) (8) (6) (7 (8)

20 4406,3 773.3 3723.0 3715.3 7.7 26,3 33.0

30 10872.1 2187.0 8685, 1 BE73.7 11.4 45.6 B67.0

(a) tk = k(KLy) - k(Lply) 1z found by subtracting memsured Kz, energy (ool 6) from

caloulated tramsition erergy (ool. 4).

(b)  Valuse taken from Tables of Lerkins (Ref, 8).
(8)  Sumof value in soltmms 6 and 7,

Teble 2 1 Comparison of KL = LI transition energiss and meesured Kaguy =atellite spectrum of niekel.

Energles of states (eV) Traneition  Nessured
k, Transition Initial Final “ﬁﬁ ::’n 1?:;)
Uncorre- Correc- Uncorre- Correc— ( T
cted ted cted ted
1o KR, =Lyl™,  9343,0  9290.8 18160 1779  TBIBH  ay(P) 7146
2. Kp'P, = Ll,ID,  9363.2  9311.0 18417  1799.7 TILI, () MiLe
3. KBy = IylyP,  9362,8  9300.6 18314  1780.4 B2
6 KRy < Lyl;®P,  9336.6 92834 18169 17749 TB0B.5  ag(P) 70T
B. KLy OBy ~LLP, 04676 94154  1940.2  1907.2  7008.2
6 Ng'Py ~LylP,  9343.0 990,68  1827.2  1785.2 7056 ay'(P)7H03.8
Y. KipP; < Lyl’P,  9343.0  9890,8  1831,4  1780.4 70014  a'(P) 7B00.6
8. KLUSy ~I,l®,  9467.6  9415.4  1968.8 19168  M06.6  «''(E)M96.9
9. KipPp < LylyP,  9335.6  9893.4 18314 1789.4 74940  a™ (E)T292.3
0. K8, < LL R,  9467.6  9415.4 19664 19244 74910  «''(H)MOL.3
1. Kp'?, <1015 9363,2 9311.0 1863, 3 1821,3 7489,7 -
12, K 'f) -1, 94934 o4dne 19976 1966.6  78B.6 -
(a) The letters in the braces denote the reference from whioh the measured values are taken,

P = Parratt, H = Hayasi and E = Edamoto.
Todle 31 AMishbedis Belexation Emergy for KL states (im oF)

3 ARx % ARm 3 ARz 3 s
10 9.0 1 .8 ® 1.7 ) ™
11 12,2 0 3.0 ) 543 » 8
12 13,8 21 6,3 % 57.0 © e
13 16,0 28 34.9 e 57,3 4 @
14 17,5 " 0.4 32 9.0 a2 o
15 16,7 ™ 43.2 5 61,3 ' o
16 23,8 o8 ar.e EN 2.5 4 )
17 27,0 26 .1 ™ 0.4 - -
18 8,8 27 50,2 37 71.0 - -
39
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