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A.N. KOCHARYAN

X-RAY ABSORPTION SPECTRA THEORY IN VARIABLE
VALENCY COMPOUNDS

‘A qualitative theory of X-ray Lm, Mw; My absorption snectra in
anomalous rare-earth compounds with variable valency is constructed, which
explains a doublet X-ray absorption near edge structure (XANES). The model
of electron structure suggested also describes well the character of vari-
ation in relative intensity of two resonance absorption peaks at valency

change with pressure and temperature.
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The experiments on high-energy spectroscopy of deen 2p, 3d levels from
compounds with variable valency on the basis of heavy rare-earth alements
Sm, Eu, Tm, Yb revealed a doublet structure near the X-rav absorption edae
(XAS) as well as in photoemission spectra in the X-ray reafon (XPS) [1].

It turned out that, e.q. the absorption spectrum near the L," ( 2]34/2 )
edge consists not of one [2] as in case of usual metals, but of two well-
resolved maxima spaced by E~ 7 ¢ 10 eV. The recent experiments in vacuum
ultraviolet revealed by means of synchrotron radiation (SR) two resonance
peaks in M,y (3c3,) and My (3d5/,_) absorption spectra from these com-
pounds [3].

Under variation of 4f level occupation number, ng at nhase transition,
there takes place a redistribution of maxima intensities, althouah the vosi-
tions of the maxima themselves correspondina to absorption edges in nure
fonic confiqurations 4f"™ and 4f"™'s are oractically unchanged,

Below we shall give a simple physical interpretation of observed peculia-
rities of XAS and XpS spectra, which takes account of interaction in the final
state of a core hote on 2p shell with sd conduction electrons and with Toca-
Tized f electron on the basis of a simplest spinless model of electron struc-

ture of compounds with variable valency, with partially occupied f level £,
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near Fermi energy ( E, < €, ), initially hybridized with the broad conduc-
tion s band (B s the band width). .

It will be shown that XAS and XPS spectra contain information about the
properties of the ground state at the external conditions variation and
about evfects of screenina and interactions in the final state.

An initial model of electron struciure in the absence of interaction

with radiation can be taken in the form of the Anderson resonance model:

Hi= = €xadan + Eof'f +Ep8'8 * I Vi(axf+H.c.) (n
K

Here the first term is the kinetic energy of sd electrons with constant
density of states _p“'B'1 in conduction band, while the second and third
ones are coupling energies of localized 4f and 2p electrons, respectively,
The last term V; is initial hybridization of s and f electrons.

Under coincidence of f level with Fermi eneray or under hybridization of
s and f states, when electron configurations with different number of f
electrons are close in energy, the assumed wave function of around state with
occupied 2p shell turns out to be a quantum superposition of a state with

occupied f shell (3f" ) and a state obtained from the former one by transferr-

ing f electron to the conduction s-band {af "5 ):
= + +
Wis= (ot T paif) 76" Maklo> i
£ K< Kg

where o/, and B satisfy the normalization condition oc,,a + 7 p: =1:
K>K
2 F

the mez2n occupancy number Ity = oo . From the variational equation we

find out the coefficient g = VK/(EGS- Ek), where E.s s the around
state energy with hamiltonian (1).

The interaction with radiation results in dioole transitions of electron

from 2p core ievel to conduction band:
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W=w2.<:(a:6+ H.c.) (3)

Due to hole formation, there takes place in final state the Coulomb inter-
action of 2p hole with s conduction electrons (g), localfzed f electron (6)

as well as additional hybridization of s and f electrons:

H ={"3 KZ-;,C‘; Qgr =~ Gng+ Avg(a,ff+ H@)}GG* (a

int

As a result the system Hamiltonian in final state will take the form:
° \/ /~t +
= + +M1.C.)~ a
Hp= He * £V @cf +He)-g L adae
°o _ + + E + (5)
H; = §€Kaxak of §

where E, = E;"G and Vp =V, +aAV.
The absorption process can be described by means of the correlation func-

tion [4] (Kubo formula):

F(t)= -1 <YW | TW()W(O) ¥, > (6)

where operator W ('L') is calculated in the Heisenberg representation with
Hy

The contribution to singularities near 4f" and 4F"°§  absorption
thresholds s made by processes with excfted ir final state one and two s-
electrons, respectively. Accordingly, for photoemission spectra of alectrons
from deep levels the contributions near ar" and 4‘F"-15 thresholds will be
made by processes without excitation of s-electron and with excitation of only
one s-electron.

After transformations, Eq.(6) 1s reduced to:
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F(t)=-in 8 (t)w exp (-i(Ep'e))-Z,e"iE“"t<31:Fanfsf’f) alf|g>-

“(EK’*GK')t | (7)

-L(-ne(t)a’exp (-iEpt) >__¢€ <glag aws(yacag lg>

0K, K\,

’

Here S(t)-exp(tH;t)exp(-let) is scattering matrix in final
state and '3> =6 r'la.([o> ] ‘

The correlation function F(t) we considér in most d1verqent “term
approxmation at. t—-o° [4] and finally obtain &fter Fourier transfoma-
tion the spectrum F(E) near the absorption edge'

-

2npwing B % - 2nped(1~ny) E-E ;
F‘-E)=—r(%€f £-E,) OCEED (e %),( £) o(E-E) 8

Here (@) 1s the gamma function, E.=Ep-G +E;, , E, = Ept &
P, and P, are connected with scattering phase O by the relations:

¢,=%§-(§;)2 P=-1e 22 - —) (9

where tg 6= §f and §=8— V}(BF"E:) .

At deriving (8) we neglected in final state the transitions of f-electron
from the level to the hand as well as backward transitions of s-electron to
unoccupied f level. Thus we neglected the so-called “;hake—up" and "shake-
down® processes which give small corrections of V:/ Gx<{ c;rder. How- ,
ever these contrii:ut'lons, as will be published elsewhere, turn out rather
essential at investigation of the processes of resonar;ce photoemission of
f-electrons from the 1ight rare-earth compounds 1ike Ce, Ce0 , CeN, etc.

The absorption spectrum _contains at (2--.’3"):! <6< T power-law sinoula-
rities near absorption edges in configurations 4f " and 4Af ,,-,s . The

6
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first maximum in position of Eq refers to af" configuration, in Which
p-hole 1s well screened by loca]ize«i f-e'lectron. The second one spaceo .
farther by energy .Q.=8,=-E +G corresponds to 4f "-'s confiouration
with unscreened p-hole. As 1s seen from (8), intensities of both peaks enter
with corresponding weights dependent on n* and 1 - ng . The additional
unscreened core-hole potential for 4f electron (G) turns out to he' near1y

5 ¢+ 10 eV, which s by an order of magnitude higher than for s-electrons (q)
since f electrons are localized nearer to the ‘nucleus [1] This circumstance
may account for the fact that the two configurattons 4f" and 4f s which
.are close in energy in the ground state 0.1 -1 eV) turn out appreciablv
spaced 1n the absorption spectra- G~5 + 10 eV (se2 Fig.1). Attenuation of
the hole results in p level broadening Y~ 3ev[1] . The attenuation

¢an be taken into account by transition from EP""EP -i,af H i’inal'ly'
from (7) we obtain: ‘ 4

dt exp(-it (E,~E~iy) dtexp(-ltht'E-v)
F(E)=2Bpain, S (':i;),_;, & « 28pote- n,)j T (10)

~Then, i tep i'_ntegration we. have:

-

- 23['_P&)'n§ [ (Py) . N PR i E v+
FO8)= T (E-Ent+ 17 1% s ‘ ()Tl ')J_

| ()
2xpa(1- ng) r(P.) D
[(E-E2)* +y® [P

cos [ (1-R)+ P2 (E)]

where

Piz(E) =@, a'z.ctg( Et.z).
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In the 1imit Y—o0 " we arrive at (8). As seen from Fia.1, this leads
to partial smearing of the picture and occurence of two resonance maxima,

Here the relative shift of maxima is:

: s T
a =Y (315, ~ 37w, 1)

The dependence of ry; on external parameters is to be found from the
corresponding consistency equations [5] . This dependence allows to analyze
also the character of changes in absorption svectra at variation in tempera-
ture, pressure and composition of compounds, The phase transition from diva-
lent to trivalent state ( My varies from 1 to 0) at v;}iation in composition
of Tm, YH Se results in intensity decrease for the first maximum and
increase for the second one [3] . Experiments under pressure {n SmSe at tran-
sition from divalent to trivalent state revealed also a direct correlation
between the decrease of Mg (P) and redistribution of intensitv maxima
(see Fig.2), in the pressure range up to 60 kbarn [6] . The direct dependence
of the absorption spectrum variation on Mg follows also from the anaTvsig

of its temperature variation in EuPd, Si, [7] .

The author 1s thankful to A.Ts. Amatuni and S.G. Matinyan for sunport,
and also to H.N. Eritsyan and participants of the seminar for helnful dis-

cussions.
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Fig.1. The doublet structure of absorption spectrum in the variable
valency state with ) = 0 (solid curve refers to the

case ¥ f'o).
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Fig.2. The varfation of the absorption spectrum coefficient and ng
under pressure in SaSe,

10




REFERENCES

1. Wohlleben D., Rohler J. Thg valence of cerium in metals. - J.Apn1.Phys.,
1984, v.55, p.1904.. - ' |

2. Mahan G.D. Excitons in metals: infinite hole mass. - Phys.Rev., 1967,
v.163, N.3, p.612. : '

3. Kalkowski G. et al. Mean valence from M, excitations in Tm, Y., Se.
Ibid. p.181. 4f occupation and hybridization from M-shell excitatfons in

_ rare-edrth materfals. - J.Magn.Magn.Mat., 1985, v.215, p.47-48,

4, Noziers P., De Dominicis C.T. Singu]ariﬂes in the X-ray absarption and
emission of metals. IIl. One-body theory exact solution. - Phys.Rev.,
1969, v.178, N.3, p.1097. |

5. Komapae A.H.,Ommaman I1.C. ,Xoworuf J.M. [lepeweHEAT WHpRES yPoB-
EA ¥ DepexomH ¢ HSMeHEHWeM BAXGHTHOCTH B CoeymHeHmax Ce .
[mcrma XOT®,I98I,7r.34,0.25-28

6. Ingalls R. et al. X-ray absorption at high pressdres. - SSRL Report
N. 85/01, 1985, _ '

7. Kemly E. et al. Méssbauer effects and L, absorption measurements on
EuPd, S, . - J.Magn.Magn.Mat., 1985, v.47-48, p.403.

The manuscript was received 18 March 1986

11




e

Crgm ot 10° AT

A_H.KQUAPHH
TEOPYIA PEHTITEHOBCKIX CHOEKTPOB HOIVIOMEHNMA
B COEMMHEMIAX C OEPE/EHHOR BAIEHTHOCTEHD

( Ba aErmefcroM msuKe, mepesox Acmamss 3.H. )

Pemarrop J.I.Myxagn
Texumaeckull pemarTop A.C.AGpamas

g&mmaao B qla;eqa? 3I/YIIO c m-cssazggﬁomamnsgxM/IG
m ne TB q.lu.l- ? Ill‘m SKSQ . K‘
X THI. B 453 Usnerc 3624

o r emr

JTueyaTaHo B Epenancnou (MSHICCKOM HHCTLTYTE
‘vpapan 36, MaprapsaHa 2

e




uHaekc 3624

EPEBAHCKMA OU3VYECKMA MHCTUTYT




