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Correlation between x-ray absorption edge shift
and Fermi energy
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Abstract. The rhemica! shift of x-ra)' absorption edges of various
compounds of Co, Cu, Ga, As, Mo and W has been ealeulated using
Fermi encrgy data. The calculated and experimentally observed values
agree fairly wcll.

PACS: 78.70.Dlllj 71.45.Jp

1. Introduction

The x-ray aosorption cdge corresponds lo a transition of a eore electron to the
first uIIoecupied ¡evel aho\'(' lhe Fermi level. During ehemical eombination \\'hen
metal forrns a eompound, tlw energy oí x-ra)' absorplion elige ehanges. The energy
dilrerence betwcen the ahsorplion cdge of metal ami its compound is called the
(hcmical ,hift (~Ecl.

Several wOl"kcrs [1-,ljlH'I"Sllcd the rt'seareh work OH lIJe chemieal shifts of K or
L ,\hsorptioll edges in t1w ,r-my spcctl"a of metals ami lhcir cornpouncls. Various
possihle pI1ysit'o-ehcIIlical, I>oth <¡ualitativc and qUñntitative explanations based on
oxid,\tioll state [5]' electl"ollegativity (fi.7j. eiTeclive ionic charge 18-11], relaxation
euergy [12,13]. ianieily [J.ij and (,ool"dination numher {l5,IG] etc. have been pul
fon •...ard lo account for lhes(' sIJifts. bul without mueh sucecss, Heeently [17-20]
Srivastava rt al. have put forward lwo methods lo ealculate the chemical shifls of
the .T-ray absorption edgcs, The firsl IIlcthod ¡I9,20] is the Fcrmi cnergy shifl method
and tile second melhod is the inller Icve! 117,18] shift rnethod, These rnethocls do
lIot givt' only the numerical ordcr bul also gi\'e lhe nature (¡.('. sign) of the chernical
sltift.

In the pl'cscnt papel" wc il¡\Vc IIsed lhe Fermi encrgy sIJift lIlethod for the cal-
cu1<üioll of the chemic>tl sllift alld the ealculat.ed values agrec faidy well with the
o!Js('rved valucs_

An j-.ray " 01' L -absorptioll edge corresponds to the transition of K or L eore-
e1cclrolls lo liJc lowcsl part oí lhe condllclion band (Ec) ahovc tile Fermi leve! (Er).
Tlw erll'rgy diffcrence betwl't'n lhe (~dge rol' the compoulld alld lhe metal is caBed
lhe chclllical shift (~Ec). In lhe x-ray absorption curve lhe t.'¿gc corresponds to
the first inflcction point. Thus lile chernical shift is a shift in tile inflection points
01" shift in lhe bottoITl of ti\(' ("(mdllclioll bands of a metal alld ils compounds wher
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they undergo chemical combinatioll. Thus the chemical shift can be ddillCd as

A ~ ,,5 ~"ur,c = LC - DC' (' )

where E~ and EEf are the cnergies at the bottom of the conductioll bands of a
semiconductor and metal respectiYcly. Iloweycr for rnctals, we kllow tllat

~~I_ r."LC - I~F

In the C(L'-;('of ~(,IlIiCOlldllclors the Fermi level is ddilll'd as

Es + '..s
EF::::;::-C-~

2
(:l)

where E~,is the ellcrgy at the top of the yalcnce balld of a sellliconductor. The t'lIergy
gap ~EG betw('cn condllctioll band and valence hand in case of SCllliCOlllluclors is
given by

(1 )

On combining e<¡uatiolls (:n ami (.t) Ollf' can gel the expn'ssioll

(5)

For most of tlle semiconductors. ~EG is a slIlall qlli'llltily and lo a ¡¡rst applOX-
imation can he t1eglected. Tlius eqllation r» giw's

((i)

or using cquations (1), ('2) and (6), we can write

(7)

Thus, to the first approximatioll, the chemical .shift call Iw ealclllall'c1 frolll the
cnergy differcllce bctw(,cll Ihe Fermi encrgy of a cornpolllld (/::~)alld tl](' Illdal (Rfl).
In other words, wllcn a metal forllls a eompound its Fnllli ('ncrgy challgl's. As a
result the x-ray absorptioll elige in lhe cOlllpoulld shollld IH' :'ihift('d wit.h rC:'illl"ct lo
its positioll in the metal Applcton [21]' Ulmer [22] allll several otl)('r \\'orkl'l's [2:~,'2~)]
reportl'd this fad long ago.

The Fcrrni cnergy of a compound can be ealculated l,y lIsing tl)(' rclalioll iJctweell
Fcrmi energy and plasmon cnergy as defined by Pilles [25].

,
RF = 0.2918.' (h~'pl' eVo (8)
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wherc nl";,,,'p is the plasmon cllcrgy. which is defincd [26,27]

rz;;
/'wp = 28.8 V IV eV, (9 )

wherc Z stands for thc effcetiv(~ Illllllbcr of e1cetrons taking part in plasma oseilla.
tions, (1 is the dCllsity aud 11' represellts the molecular wcight.

E(luatioll (9) is valid 0111)' ror the free eleetron gas lllodel, hut to a first approx-
imatioll this can be used also rOl' dielcctl'ics [28]. Aceording to Kittcl [29], plasma
oseillations in dicleetrics aul! in IIlctals are the same; Haether [30}, Philipp and
Ehrenreich [31] have givell a relatioll for plasmon frcqucne)' of dielcctrics as

IV'p

(1-8<0)' (10)

whcrc &0, hcing a srnall qualltity, can he neglectcd. Ca!Clllatcd villues of hWpd

ilnd hwp are in fair agreclTlcllt with the ohscrved vallles of plasmon energy for
diek-ctrics [31).

Blokhins [32], using SOITlllwrfidd formula for the Fermi cllcrgy

/, (3")'/3I~'F= -,- -
t'im 1r

(11 )

ha...~also showII that the chclllical shift is direetly proportional to the number of
electro liS in the Fermi level. Several workcrs [1..t,33-:J8] have rcported tbis faet also.

Now, differentiating e<¡llat.ioll (11) \Ve get

[ I ('l)'f.J ]t::.EF = -'-:.. 7l-1/3 un
12m TI

(12)

or tlEr = constant un.
This ehange in Fermi energy should eorrespond to thc chemical shift. Thus

t::.F;F = t::.Ec = eonstant D.n

= COllstant uZ.

Thus the chemical shift varies lineady with the change in thc lI11mber of e1ectrons
(~Z) in the Fcrmi surfacc. This also suhstantiates om hypothesis mentioned abovc.

~Et' ma)' be positive or Ilcgativc depcnding upon whetber E~ < Efl or Ef >
E~l. This explains the nature of the rhemical shift. On these lilles one can correlate
the chemical shift data and makc predictions regarding the lIaturc of the chemical
shifts in various compounds of a metal with the hdp of tlwir F'crmi enel'gies only.
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Compound/ Z " W EF ó.Ec :>Ec Ref.
Element Cal. (,V) Ob, (,V)

Co 2 8.9 58.5 Il.ii47
CoaGd 7 9.15 33H 8.6434 -:l.l313 -3.6 +.5 [45J
Co,Gd 11 8.80 451.7 9.3209 -~.U!)38 -2.79 [46J
Co~Dy 11 9.05 157.0 9.4221 -2.:1248 -2.31 [47J
C~Er 11 9.27 461.7 9.4621 -2.3125 -1.87 [47J
Co~Ho 11 915 459.7 9.4542 -2.3205 -2.11 [47J
Co,Tb 11 8.93 453.4 93880 -23867 -2.59 [47J
Co,Nd 11 838 438.7 9.1983 -2.5487 -3.31 [48J
Co,P, 11 8.34 435.4 9.2153 -2.5594 -3.41 1,'6J
C~Sm 11 8.58 444.9 9.2571 -2.4829 -3.0 149J
CU 1 8.92 63.9 7.0325
CureS:: 11 440 183.8 10,6921 3.6596 2.6 150J
CuGa 4 7,24 133.2 9.4097 2.:1772 30 151]
CucaS:! 9 4.40 197.2 8.9246 1.8921 2.28 I,\OJ
CU:zGeSe:z 12 5.57 295.5 9.6618 2.6293 1.56 [,\OJ
CulnS2 8 4.71 178.3 9.2333 2.200 2.15 [50J
CuS 7 4.68 95.5 12.7592 5.723 3,5 [52J
CU2Te 4 7.27 25.1.6 6.1264 -0.9060 -1.0 [52J
Ga 3 5.90,1 697 10,535
Ga2Se2 10 492 297.2 7.8462 -2.6886 -1.5 [52J
S, 2 HO 78.9 6.1219
SeO:! 14 395 110.7 16.38,1,\ 10.263,\ 11.8 [53J
Ge 4 5.35 72.5 11.5372
CeSe:! 16 ,'68 2303 12.3059 -0.7687 -0.6 [53J
As 3 5.727 71.9 9.7502
GaAs 6 3.69 IH6 7.4482 -2.302 -1.1 [54J
Nb 2 8,57 92,9 8.4342
NbSe2 6 63 250.7 7.3724 -1.0617 -2,0 [52J
NbO 4 7.3 108,8 10,8281 239:19 3.8 [52J
NbO, 6 5.98 124.7 11.3424 2.9082 61 [,\2J
Mo 2 10.2 959 9,2738
MoSe:! 14 6.9 283.7 12.6900 34162 1.9 [52J
MoTe:! 14 7,681 351.1 11.8248 2.5510 1.6 [52J
N; 1 8.90 5871 7.3999
NiSe2 13 6.79 216.5 14.3089 6.9089 6.7 155J
W 2 19.35 83.8 9.2107
WO, 8 7,29 231.5 10,3807 1.1700 2.7 156J

TABLE I.

In case oC some compounds the differcncc betwt..-'CII our theorctical ealculated values
and cxpcrimentally obscrvcd valucs may be duc to tlll' following rcasaos:

i} An approximate hut simple mclhod ror calculating Fermi cnergies EF has h('Cfl

used, bt-'Causc we have ncglcctcd ü'EG, \\'C have also not taken into account the
relaxation energy, screening effect etc. as their contribution to chernical shift is
small and cornplcxitics are involved in their calculations.
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ii) In some cases experimcntal values of the chemical shift (~Ec) for the sarne
compounds observeo by different workers [7,39-44] vary as much as upto 40%.

Using cquation (7) aulhors have ealculated the chernial shift for various com-
pounds of Co, Cu, Ca, As, 1\.-10 ctc. and compared it with the experimentally observed
values of chcmical shift. 11 has !lcen found both agree fairly well (see Table I).
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Resumen. Se calcula el corrimiento qUlmlco de las bandas de ab-
sorción de rayos x para varios compucstos de Ca, Cu, Ca, As, ~\itoy \V,
usando los datos existentes para la energía de Fermi. Se encuentra que
los valores calculados y los experiment.ales coinciden satisfactoriamente.


