
- -

Rev. Téc. Ing . Univ. Zulia 
Vol. 8, N~ 1, 1985 

ADIABATlC RELAXATION ENERGY (ARE) FOR KL STATES OF ATOMS 
S.N. Soni 
Department of Physics 
Un'versity of Jodhpur 
Jodhpur, India 

ABS'IRACf 

A method has beeo preseoted "for calculating 
semiempirically the adiabatic relaxation energ y 
(ARE) for excited states of a toms which are 
ionÍsed in K- and L-sheIl s simul taneously . The va
lidity of the method has beeo tested by ca l culating 
the complete Ka3a4 satell ite s pec trum of nickel, 
which i s found to be in excellen t agreement \lÍth 
the observed spectrum. Finally, the values of RE 
for KL states of atomB with Z =12 to 44 have been 
presented. 

RESUMEN 

Se presenta un metodo para calcular semi- em
píricamente la energía de relajación adiabatica(~ 
para estados exitados de átomos, los cuales son 
ionizados simultáneamente en los niveles K y L. La 
validéz de l método ha sido probado calculando 1 

espectro satélite de níquel completo Ka3a4 el cual 
se encontró en excelente concor dancia con el espec
tro observado. Finalment e, se presentan los val ores 
de ARE para los es t ado s KL de atomos con Z = 12 al 
44. 

INTRODUCTION 

The energy values of t wo hol e exc ited sta tes 
of atoms i n inner shells are ver y u s ef u l and 
es sential for expl i ning t he pre senc e oi var ious 
sa t ellites in X-ray s pec era. Furthermore , uch two 
ho le s t a t es f OTID f inal s t ates fo r the emis sion of 
var i ous diagram lines in Auger el ec tron s p ec t r a . 
Tho s e a l s o a re th e i ni t i al s t ates fo r the 
emi s s i on of sa telli t es i n Auger el ec tron spec tra. 
Many paper s on the cal cul a t ions of KL , LL} LM, MM 
and MN s tates of a t oms have been r eportedl - 7 • The 
KL state , i n particular, has been dealt wit h by 
many authors , namel y Candlin! , As s a d 2, Hor ak 3 , 
!berg~ , Demekhin and Sachenko S and Giantureo et . 
al . 6 . All t hese papers have used díffer ent pr in
cipIes for cal cu l ating t he KL energy l evel s . I he 
one, namely that by Demekhin and SachenkoS is based 
on t he use of Slater integral s , FK and ~, f or cal

cul ating the interaction between two holes . Howeve~ 
t hey l ave used t he rnodif i ed values of Sla t er i nte
grals so as to include the effects of the presence 
of t wo inner shel l hales 00 t he ground state atomic 
waveIunct i ons . Cantrary to t his, Shirley7 ha s sug
gested t hat i t is possible to use neutral a to m 
SI ater integral values snd a correction term,namel y 
'Adiabatic Relaxation Energ,'(ARE) s houl d be ap 
plied to Sl ater f ormu las 5, . This t erro representa 
t he change i n bindiog energy of ao electron when 
outer orbit s r elax to smaller sizes due to ef f ec
tive increase in nuclear charge arising 
removal of an ionar electron. Larkins8 

d ue 
has 

to 
used 

this technique and found very good results for ~ar
rious LL, ~~. MM etc. sta tes of all the atomg with 
Z = 10 to 100 . However, he has not considered the 
KL .sta~es due to the fact that his study was con
fined only to diagram lines of Auger Bpec t ra. In 
the presen t paper, the values of ARE for t hese 
states of atoms from ¡ ! Na t o 44Ru are r eported. The 
method used for t he calculatian has been described 
i n Seco 2, while tes t ing the valid i t y of t he ID thod 
fo rms che subject matter of Seco 3. Final ly, in Seco 
4 , the values of ARE for various a t oms are present 
ed and di scu ssed. 

2 . METBOD OY CALCULATION 

The present me thod of calculation is based on 
the ass ignment of the intens e sate l l ite KCl 4 to t he 
trans i t i on KL2!P! + L2L3J D2. This a s s ignmen t has 
been suggested and conf i rmed b y v a r i ous X-ray 
Spectro scopis ts! , 2 ,4-6 ,'1' . The as s igII!uent ge t s 
support fr om t he fact that the sa telli te Cl ~ i s -the 
mo s t i ntense l ine observed in the Cl3 a 4 spec trum and 
the tr ansi tion under considerat i on has the · maximum 
probability of occurrence! O out of al l t he KL + LL 
transitions . The ini t i a l and final sta t e e.n ergies 
for cl osed shell a toms , 20Ca and 39Zn. have been 
calcul ated by us ing t he f ormulas 5 , • 

( l) 
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and 

r 3 2 1 2 1 2]+ L{E F (2p,2p) +"4 r. Zp } + 2" r. Zp 
( 2) 

where 

(3 ) 

In these equations, E(K) e t c. are the one ha l e 
excited state energies, Fk and Gk are Sla er inte
gral s for the two hole pairs m nt i oned in the 

braces attalherl to chem, and (,2 is the spin or
bit interaetíon parame t er for P2p s t ate.Th values 
of E(k). etc. have been taken from che Tables of 
Bearden and Burrl ] and the values of Slater inte
grals frcm the Tables of Mannl2 . These ca]culated 
initial and final state energies and the transition 
energies are shown in the olumns 2,3,aud 4 respec
cively oE Table l. 

As suggested by Sh~rley7, the two hole state 
nergies (of eolumns 2 and 3) are to be reduced by 

adiabatic relaxation energies, say k¡ and k2' for 
initial and final states respectively. Larkins]3has 
suggested one more correction, namely solid state 
orreetion o accoune for the Eact that fonnulas(l ) 

aud (2) apply [or individual atoms and the experi 
ment is performed with a solid bulk. However,this 
correction has been shown to be same for al two 
hole states of the atom aM hence do not affect the 
transition energy. Therefore t he calcula t ed transi 
tion energy should be higher :,an the measured KCLIt 
nergy by 111<., th difference between k¡ and .. kZ' 

The Ka.. energies, taken f rom Cauehois Tabl es 1 a l' 
shown in col 5 aod the IIk values in col 6. In col 7 . 
the va l ues oE k2' namely ARE for L2L3 s tates. taken 
hom TabIe s of Larkins7 are shown a nd in ast 
column. the values of k(KL2) , estimated by adding 
valu s i n columns 6 aod 7 are shown. 

3 . TEST OF THE ~ETHOD 

Larkingl s has shown t ha t the ARE for a partic 
ular two hale state remains unchanged so f ar as the 
principal quantum numb rs. n, oE each of the t wo 
holes does not change. Thus, for all KL s t ate s oE 
an atom, the values oí ARE can be taken as seme as 
that fou d for th Klql p¡ state. Further,the vaIues 
oE ARE for a particular t wo hole state i~ f oun . to 
increase l inearly, t o a firs t approx~at10n , w~th 

increasing Z. Taking these cwo as sumptions as valid 
f or KL states , t he k (KL ) value fo r Z = 28 ha been 
cal culated by interpola t ion of he resp ctive values 
f or Z = 20 and JO (Tab l e 1) . The value comes out 
to be 52. 2. eVo 

In the second step of t he tes t , the val ues oE 
al l KL and LL sta t s of n'ckel have been ca lcul ated 
using f ormulas similar t equations (1) and (2 )517. 
All KL state energies have been reduced by the ARE 
val ue 52 .2 eV , while all LLVlues have been simi 
l arly correc ted using 42 .0 eVs as che ARE value f or 
this state . The vari ous allowed KL ~ 1L t r ansi t ion 
energ i es have been calculated and c om par d wi t h 
experimen t all y measured values oE Ka3CL4 satellite 
speetrum of nic.kel I6 - J8 • All t hese calcu ated and 
observed values are shown in TabIe 2. An excellen t 
agreement between values in las t t wo column s con
firms the val idity of the met hod empl oyed for es t i 
mation of ARE values for KL state. 

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

The aboye discussion has proved that tile adia 
batic relaxation energy can be s em i - empiricall y 
estimated by comparing the t heoret i cally alculated 
KL 21Pl+ L2 L1ID2 transition energy with 4 satel 
lite nergy 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 ~3Q4 
spectrum. This shows that the Slater formulas can 
be used for calculating the dou bly ionised KL 
states of atoms, ven in transition metal atoms i n 
which there are many holes in i n n e r d subshell 
while outer s su bshell is full. Further. th.í s equal 
ity of calculated and observed separat ion energies 
confirms Larkins' sugges t ion that for all KL 
states, the adiabatie [elaxation energy can be 
8ssumed t o be invariant . Looking to these in
ferences, t he values of ARE for KL state oí all 
t hose at oms have been calculated , in SP c trs of 
whi ch the satellite Ka 4 has been reported J4 

• These 
values are shown in Tabl e 3 . A comparison of these 
value s with similar values 8 for LL, LM, MM, MN and 
NN states of t hese atoros shows that as the posi tion 
of either hole shifts inwards , t he va l ue of ARE. 
i ncreases. This l s ex peeted due to the f e t t hat 
atome wavefunc t ions arc more susceptibl e to inne r 
vacancies compared t o out er ones. Th i s indi c ates 
that ARE fo r KK s t ates should be highest among all 
doub l y i onised states . Thesc energies s ha l l be 
presented somewhere e l se. 

Another pr operty of ARE, namely a l i near 
increase withincreasi ng Z i s al so shown by the 
k(KL) values present ed i n l ast eol umn of Tab l e 3. 
However. there are some de par tures from th i s l i n
ear itv in case of e1ement s W'ith Z = 15 ,22 and 37 
to 46~ except i ng 39 . This is probably due to WTong 
i de.ntificatíon of the sa t ell it Q4 i n rre'ir spec t ra. 
This can be confirmed on1y af ter a reinves ti g a t i on 
of t hese spectr a . 
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