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ABSTRACT

An aternative explanation for the high energy X-ray satellites of 2P ,
main line of titanium and copper halides is being presented with a new
approach by considering both extrinsic and intrinsic contribution simulta-
neously. The values calculated for energy separation and relative inten-
sity agree better with the experimentally observed values. Theimportance
of plasma oscillation is found in X-ray satellite spectra of titanium and

copper halides.  © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

X-ray satdlitesor non-diagramon high energy side
of parent emissionlinesarewd | knownin X-ray emis-
sion spectra. Plasmon theory has been proved very
successful inexplainingtheorigin of al thosehigh en-
ergy satdlliteswhich arefound at an energy separation

of 7o, (plasmon energy) from themainemission X-ray

line. Thistheory has been successfully usedin explain-
ingmany o, B andy satellites. Theinvolvement of
plasma oscillation in X-ray emission spectroscopy
(XPS) data have been studied by many authors and
their origin hasbeen the source of active debatefor a
lingtime. Among them satdlitestructurein hdideshave
received much attention>Y and have been the subject
of controversy for sometime. Severa workerd*? have
explaned satellitestructurein haidesusing plasmaos-
cillation theory, but discrepancy in resultscould not be
removed successfully. In the present work authorshave
applied anew approach to explainthediscrepancy in
the satellitestructures of halides using plasmon theory
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inthenew light. Theexperimentd datafor titanium com-
pounds weretaken form(*>2%, and for copper halides
fromreference®. Thecollective oscillation experienced
by electron density of solid dueto certain chargeim-
balance are called plasmaoscillation and quantum of
energy of theseplasmaoscillationisnamed asplasmon
by Bhom and Pind*2%, Accordingto K.S.Srivastava
et.a .Y during X -ray photoemission processthetransit-
ingvaancedectron excitesaplasmoninvaance band.
Thetransition energy of main lineisthus shared be-

tween plasmon (7o, ) and the emitted photon of low
energy. However, if the plasmon pre-exists, then dur-
ing X-ray photoemission processit cantransfer itsen-
ergy (hop ) tothetransiting valance electron beforeit
annihilatesthe core vacancy. Thusenergy of emitted
X-ray photonwill behigher than theenergy of mainline
by amount ( 7o, ). Theemissionlineowingtothispro-
cessisknown asHigh Energy Satellitesand has been
observed by large number of workers?:-24, According
towhat hasbeen said above, theenergy separation (E)
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TABLE 1: Energy separation of titanium and copper compounds

c d 2 W Calculated ener gy separation (ev) Observed energy
ompounds S hey, hog 2heg Separation™® (ev)

TiCly 6 173 189.71 4.76 4.0

9.5 9.7
TiO, 8 4.23 79.87 13.3 13.3
CuF, 3 4.23 101.54 7.2 7.0
CuCl, 3 3.39 134.44 7.9 8.8
CuBr; 3 4,71 223.31 10.0 10.0

of highenergy satdllitesfrom mainemission lineshould
be equal to quantum of plasmon energy (either bulk
plasmon, single surface plasmon or doubl e plasmon)
which can becal cul ated by theformulagiven by Marton
et.a® as- Bulk plasmon energy = 28.8 (Z’6/W)*2 (ev)
Where Z’ = effective number of electronstaking placein plasma
oscillation, s= specific gravity, W = molecul ar weight of com-
pounds. And surface plasmon energy using formula given by
Ritche® ascalculated in TABLE 1.

ho
Surface plasmon energy = sz(ev)

Thisequationisvalid for freeelectron modd, but
toafairly good goproximation, it can beused for semi-
conductorsand insulators. The present cal culated val-
uesof surfaceplasmon energy in TABLE 1 arein bet-
ter agreement with experimentally observed!*16
values.

Relativeintensity calculation

Hence, from energy considerationsa one, the sat-
ellite can beregarded asbeing dueto excitation of plas-
mon, but in order to further confirmtheinvolvement of
plasmon authorscal culated therelativeintensity (1/1 )
of thesesadlitesusngplasmontheoryinnew light. There
aretwo typesof plasmon excitation-extrinscand in-
trinsicl?’). In extrinsic process, excitation of plasmon
occursduring transport of eectronsthrough solid (fast
€electron process); whileinintring c process excitation
of plasmon takes placesmultaneoudy with thecregation
of hole(dow dectron process). According to Bradshaw
(28 inintrinsic process sl ow e ectronsarenot isnot con-
served; plasmon satdllitesare strong. Now in the present
work author hastried to incorporate both the processes
i.e. therelative contribution of extrinsic processinas
well asthesecond intring ¢ caseinwhichthenumber of
slow electronsis conserved. The authors have gone
through detailed survey of theliteratureregarding this
and found that Pardee et.al > have done the remark-

ablejob in combining both extrinsicand intrinsic ef-
fects?” in one equation simultaneously with somein-
eladtic effectsand have given formulafor the combined
reldiveintengty as-

. n /o)™
oy BIO M

Wherea = (1+1/L)* )
isinelagticlossfactor, which givestherdativeintensty
for extrinsic satellites. Herel = mean free path for ex-
tringc plasmon excitation, L = mean attenuation length
for electrons dueto processes other than plasmon ex-
citetion.

Theparameter 3 isameasurefor theprobability P
(n) for intring c excitation of n plasmons-

Pi (n)=eP i—l 3

Thevalueof pB** istaken as=0.12r, (4
which hasbeen usedfor intrinsic relativeintensity by
K.S.Srivastavaet.d ¥ and dearly an goproximation and
onetermof (1).

But in the present case Pardee’s equation (1) di-
rectly with the samevauesof o and 3 given by equa-
tions (2) and (3) respectively could not be used be-
cause it does not give satisfactory results, so it need
somemodification.

Thereforein theway of modification wefor the
first time, modified o. We havereplaced o fromin-
elasticlossfactor totheratio of cut- of wavevector K
to the Fermi wave vector
asa =K /K_anditsvalueistaken® as-a =0.47r > (5)

Herer_isdimensionless parameter and issameas
used in equation (4); given by as-
rs=(47.11 ha,)?* (6)

For volume plasmon and for surface plasmon
rs=(47.11 ha,)?* @

Using thisnew value of a (egn.-5) along with 3
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TABLE 2: Reativeintensty of titaniumand copper compounds

Calculated relative Intensity (I4/1,) Observed
Compounds  rs a Relative intensity**°
B P2a  Pl2a+BY6a’ P+ pr2a+ p6a’  B-0.1 y

TiCl, 4.6 101 0.15 0.12%
0.18 0.28

0.45 0.41°

TiO, 2.33 0.72 0.34 0.40
CuF, 35 0.88 0.54 0.80
CuCl, 3.3 0.85 0.49 0.60
CuBr, 4.39 0.99 0.50 0.50

a- experimental results form solid state measurement(*®, b- experimental results form gas phase measurement(*

(egn.-4) in equation, we have cal culted a number of
excellent resultg>29,

Theeguation (1) containsaseriesof terms, which
includeboth extrinsicand intrins ¢ contributionsa ong
withtheir rlaivecouplingterms. Thefirs termispurdy
extringc, whilesecond termispurdy intringc. Theother
termsare contai ning therelative contributions of both
extrinsgcandintrinsic. The specidty of thisformulais
that each term a one or simultaneously*® with other
termsisableto givetherdativeintensty. It isthetype
o\f excitation, which decideswhich and how many terms
will beused. Thisformulaalso includesboth the cat-
egories mentioned by Bradshaw and givesbetter re-
sultsascompared to that and than traditional methods
for cdculation of there aiveintensity. Using equations
(2), (3), (4) and (5) the calculated values of relative
intengity aregivenin TABLE 2 smultaneoudy with ex-
perimentally observed vaues. Earlier workers**2 have
used varioustermsof thisformal aoneto explain suc-
cessfully thereativeintensity of many satellitesupto
certain extent. But, using varioustermsof thisformula
weareableto caculatenot only therd ativeintensity of
existing satellitesbut so it ispossibleto predict those
satelliteswhich areyet to bediscovered. Itisasothe
beauty of themethod that the rdl ativeintensity of higher
order satellitescan easly beca culated without goingin
much mathematical details. Itisalso possibleto sepa
ratetherelative contributionsof extrinsgcandintrinsic
excitationsintotd intensty. Nomethodispresentinthe
literature whi ch provesthe strength of much higher sat-
ellitesand separates these contributionswith such ac-

curacy.

Hnalytical CHEMISTRY o

CONCLUSION

Authorscal culated valuesof plasmon energiesare
in better agreement with the experimentally observed
vauesof energy separation. Now for the ca culation of
relativeintensity compounds aretreated microscopi-
caly“d, When treated in thisway, the satdllites of dif-
ferent compoundsdightly differ inassgnment fromone
another in natural way astypesof halidesdiffer. But for
thesmilar typeof hdidesthe contributionsof extrinsic
andintrinsic plasmon coupling processesarethe same.
Thereisonly difference between CuF, and CuCl, in
showing low intensity. Thismight be dueto any other
reason. SO, it can be established beyond doubt that the
satellitesof 2p,,manlineintitanium and copper com-
poundsaredueto plasmon gain processes and the con-
Sderation of rel ative contributionsof bothextrinsicand
intrinsic playsanimportant roleintheca culaion of rela
tive strength of satellites.
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