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Polarized x-ray-absorption spectra of TiS, TiSe,, and TiTe,
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We studied the anisotropy of the unoccupied electron states of three titanium dichalcogenides by means of
polarized x-ray-absorption spectroscopy. The experimental spectra 9fTifss, and TiTe at the TiK edge
and of TiTe at the TeL; edge were compared with the results of real-space multiple-scattering calculations.
The local angular momentum projections of the densities of states at the titanium sites are presented for
energies up to 25 eV above the Fermi level. Th&3@dge spectra of all three dichalcogenides are quite similar
to each other provided the differences in their lattice constants are suppressed by comparing the spectra in
equivalent energy scales. However, the correspondence between thestige of TiTg and the XK edge of
TiS, is much less pronounced. For most of the spectra good agreement between experiment and theory was
found.[S0163-18208)01336-9

I. INTRODUCTION Il. SPECTRAL ANALYSIS

Here we briefly describe some theoretical foundations of
the extracting of symmetry-resolved partial spectral compo-
nents. We investigate absorption of photons by electrons in
8olids. Within the one-electron approximation, the absorp-
on coefficienty can be determined as the probability of
lectron transition from an initial core stagsith wave func-
ton ¢; and energyg;) to a final unoccupied statvith wave
2f:unction ¢ and energyE;)

The titanium dichalcogenides TiSTiSe, and TiTe
crystallize in the trigonal space group with one formula unit
in the unit cell. Their crystal structure can be considered as
sandwich consisting of chalcogen-Ti-chalcogen slabs. Th
slabs are internally strongly bonded, but only Weaklye
coupled to each other. This feature allows us to create inte
calated sublayers, which could be useful for some techn
logical applications. That is one of the reasons why the ele
tronic structure of titanium dichalcogenides has been the
subject of an intensive study lately. The differences between u(fw,ek)< >, [(le® "e-r|y)PS(Ei—Ei—fw),
the electronic structure of T}Sand TiSe were investigated (1)
theoretically by Fang, de Groot, and HdaBhotoemission
spectroscopy studies were published by Bodicker andvherefw is the photon energy arelandk are the polariza-
Schattké for TiSe, and by Claessest al2 for TiTe,. tion and the wave vectors of the absorbed photon, respec-

For the understanding of this weak bonding mechanisntively. The summation involves all initial and final states that
an analysis of the lowest unoccupied electron states can leve the energy difference éfo.
helpful. Much effort was devoted to x-ray-absorption spec- In further analysis, we concentrate on the cas&-&fdge
troscopy studi€s’ of TiS, or of Li,TiS, intercalate$.How-  absorption, hence the initial-state wave functiris RoY oo
ever, to our knowledge no published study included a comNote that this core wave function is practically nonzero only
parison of results for different titanium dichalcogenides,close to the center of the absorbing atom. The final-state
which definitely must correlate with each other and thuswave functiony; can be angularly projected onto the same
prove or negate the adopted conclusions. atom, hence in the region of interest it can be written as a

In this work we present results of electron state studies bguperposition of atomiclike wave functions with definite an-
means of the polarized TK x-ray-absorption spectroscopy gular momenta,
for a range of titanium dichalcogenid€%iS,, TiSe, and
TiTe,). Because of the site symmetry the lowest unoccupied -
electron states projected on the Ti atom split ipig-, p,- wf(r):;n RiI(D)Yim(T). @
dyzyz Oxyx2—y2-, anddp-like groups in these compounds.

Due to the original experimental technig¥® we were able HereR(r) andY,,(f) represent radial and angular parts of
to separate the spectral components arisen from these diffethe wave function, respectively.

ent symmetry-resolved groups. The spectral components are In Eq. (1) we consider the first two terms of the expansion
considered to reproduce approximately the density of the'*'~1+ik.-r+---, i.e., we take into account electric dipole
lowest empty electron states projected on the Ti atom. Sayand quadrupole terms onlpther terms do not contribute to
ing “approximately” we bear in mind effects such as finite x-ray spectra significantly As the dipole and quadrupole
initial and final states lifetimes, device smearing, and also théerm amplitudes do not interfere, we can rewfitehe for-
influence of radial transition matrix elements. mula (1)
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Inserting the mathematical expressions for the angular parts
of the wave functions, one can obtain the absorption coeffi-
cient as the sum of dipole and quadrupole compongnts b
=up+ug, where
®
MD* pxe>2<+ pye32/+ pzefy
4
1% Oy (€K, + €K ) 2+ Oy €k + €k, ) 2+ dy o ek, defector
+ezky)2+dx2—y2(exk —eyky)2+1/§dzz(ezkz)2. FIG. 1. Scheme of the experimental arrangement. A

Ti-chalcogeg cluster is shown for thg0,0,0 position of the
This means that each polarized spectrum can be interpretsdmple.
as a weighted sum of partial symmetry-resolved components.
Each of the components is formed only by the transitions tcount the symmetry degeneration of electron states, which is
orbitals with a definite angle momentum. The factms equal for all three investigated compounds. As it will follow
Py, Pz» Oxys Oyzo dyy, dy2—y2, andd,2 represent the so- from Sec. V, it is perfectly justified to neglect allcompo-
called partial spectral components, i.e., the densities of staté¥nts here.
with a definite orbital symmetry modulated by the radial
transition probability. We assume the radial matrix elements . EXPERIMENT
are equal for all states with equal quantum numbeand Lo . . : .
change with energy only insignificantly. The expressions in 11N Ti-dichalcogenide platediS,, TiSe, and TiTe) of
parentheses in Eq4) (combined from the projections of the 2Pout 2<2x0.02 mn? with the trigonal axis oriented per-
vectorse andk and taken in the power of) Zire the coeffi- pendicular to the cleavage planes were used as the single-

cients by these components and are determined just by tHﬁéystal absorption samples. The orientation and crystal qual-

actual experimental setting. We call these coefficients partidfy Were verified using the Laue pattern. ,
spectral weights. The experiments were carried out at the beam line E4

Therefore, by measuring three spedteach of them rep- (HASYLAB, Hamburg equipped with an x-ray focusing

resented by the absorption coefficignt with different ori- ~ Mirror and a Sil1l) double-crystal monochromator. The
entations I, Il, and Il of vectoe relative to the crystal struc- sample plates were positioned in a personal computer con-

ture, one can use the expressi@ to set up an appropriate trolled goniometer allowing three perpendicular rotatigns

system of linear equations and extract the partial-density» @"d ¢ (see Fig. 1 so that any sample orientation with
components,, py, andp,: espect to the andk vectors of synchrotron radiation can be

achieved.
M'ocpx(e!()z-}— py(e|y)2+ pz(elz){ The partial spectral weights q, ,, p,, an_d alld com-
ponents are calculated. As an example their dependence on
p"ocpy(ey)?+ py(e;})2+ p,(e)2, the angley with ¢=0 and6=0 is presented in Fig. 2. Our

5) goniometer construction makes the rotatipas independent
one, the rotationd dependent ony (the 6 axis turns by a

1] e||| 2+ e||| 2+ e||| 2’
KRBT Ry(8y )T Pal ;) rotation abouty), and the rotationp dependent ony and 6.

B\ [ (87 (e)?  (eh?\ M 4
Py || (e (e))? ()2 "
o el el i) L)

hts

provided the quadrupole contributions can be neglected. Theg
superscripts in Eq5) distinguish between three independent
spectra recorded for different sample orientations. In the case
of titanium dichalcogenides, the statgsandp, are degen-
erated and the linear syste®) has an order of 2.

Thus, if linearly polarized radiation is absorbed, then in
the process of dipole transitionss+p,,,p,, the partial
spectral weights of the twp states will depend on the ori-
entation of thep, , or p, orbitals with respect to the polar-
ization vector of the absorbed radiation. In the case of quad-
rupole transitions 4—dyzy;,dyy,x2-y2,d2, the partial FIG. 2. Partial spectral weights of different Fandd orbitals in
Spectral Weights will depend on the orientation of the orbitalshe K absorption process depending on the rotation anglef the
with respect to the polarization vector and the wave vector agigonal crystal structure around thie axis (see Fig. 1 for =6
well. The electron transitions described above take into ac=0.

partial spectral
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TABLE |. Weight coefficients in the absorption process of all symmetry-resolved orbitals for different
sample orientations.

Sample position Px.y P, dyzyz Oyy x2—y2 d,2
¢=0, =0, y=0 1 0 1 0 0

¢=0, 0=45,y=0 1 0 0.5 0.5 0

¢=0, 6=0, y=45 0.5 0.5 0 0.25 0.75
¢=0, =0, y=22.5 0.854 0.146 0.5 0.125 0.375
¢=0, 0=36, y=29 0.846 0.154 0.346 0.423 0.231
¢=0, 0=32.7,4=32.7 0.793 0.207 0.294 0.396 0.310
¢=0, =0, y=30 0.75 0.25 0.25 0.188 0.562

In the zero position =0, #=0, y=0) the threefold axis of was taken into account while calculating atomic charge den-
the trigonal crystal structure coincides with the x-ray beansities by removing one electron from the core level and put-
direction k. All spectra were normalized on the equivalentting it into the lowest unoccupied atomic levgtelaxed and
effective sample thickness. screened approximation”; see Ref. 16 for a more detailed

In order to separate the absorption resulting fidrtran-  analysi3. Again, for TiS, we checked that there was practi-
sitions exclusively, we used a background subtraction. Theally no difference between our XANES spectra calculated
background functiorf (E) =a/E*+b/E3+c after Victoreen with and without a core hole.

shows acceptable results. Theoretical results presented in this paper include broad-
ening by an energy-dependent Lorentzian of full width at
IV. THEORY half maximumw=w,+0.10E—Eg). The constant pamv,

accounts for the core hole lifetime and is 0.94 and 3.32 eV

Polarized TiK-edge.x-ray absorption near-edge structurefor the Ti K edge and the Té&, edge, respectively. The
(XANES) spectra of Tig, TiSe,, and TiTg as well as po-  energy-dependent term represents inelastic energy losses of
larized Tel,-edge XANES of TiTe were calculated em- the photoelectron of energl (the “Fermi energy” Er is
ploying the real-space—multiple-scattering(RS-MS  jdentified with the onset of a prepeak for our purpodéis
formalism:* We used a modified ICXANES computer code simple ansatz formula proved to be efficient both in
of Vvedensky, Saldin, and Pendt§The calculations pre- metallict® and in nonmetallit® materials. We will return to
sented here were performed for clusters of 135 atoms for thge question of inelastic energy losses in Sec. VI.
Ti edges and of 138 atoms for the Te edge, implying that the
radii of these clusters varied between 8.3 and 9.6 A accord-
ing to the compound and/or selected edge. Exploratory
XANES calculations for a whole series of smaller cluster To study the contribution of Ti4—d transitions, we per-
sizes were performed to verify that a convergence with reformed several measurements in such experimental settings
spect to the number of included atoms had been achieved.in which the dipole contributions to the spectdetermined

The largest angular momentum included in the single-sitdy their partial spectral weightswere always the same,
scattering wad. ,,,=4. Test calculations for all four edges while the quadrupole contributions varigdhe differences
with L. as large as 6 were done for clusters of 25 atomsetween spectra recorded for these sample orientatsmes
with hardly any difference visible. for example, the first two orientations in Table did not

Non-self-consistent muffin-tin potentials were generatecexceed the experimental error limits of about 1% of the total
via the so-called Mattheiss prescriptideuperposition of intensity. Therefore, we suppose that the contribution of Ti
charge densities of isolated atom#n energy-independent 1s—d transitions is too small to be detected with the avail-
X, exchange-correlation potential with the Kohn-Shamable equipment in all three investigated compounds. With
value of a=2/3 was used® Structural data for Tig§ TiSe,, this assumption we interpret the spectra as a composition of
and TiTe were taken from theRrySTIN databasé? merely the Ti 5—p,, and Is—p, absorptions. If the as-

Muffin-tin radii of nonoverlapping spheres were deter-sumption is not valid then extraction procedures according to
mined so that the “matching potential condition” is satis- the relation(5) performed for different combinations of spec-
fied. The muffin-tin zero was set to the average interstitiatra will provide inconsistent curves of partial components
potential. We verified for the particular case of the J$Bec- Py Or p,. On the other hand, the coincidence of all curves
trum that identifying the muffin-tin zero with the value of the in the groupsp, , and p, can serve as a criterion of the
inner-sphere potential at the boundaries of muffin-tin sphereeeliability of the technique as well as of the validity of the
(minimizing thus the step in the potential, as suggested, e.gsimplifications and assumptions used. The partial spectral
in Ref. 15 does not change the results significantly evenweights in the absorption process f@ ., p,, dy,y;,
close the absorption edge. Hence we believe that the resulti, 22, andd,2 are displayed in Table | for all sample
presented here are sufficiently robust with respect to therientations used in the experiments.

V. RESULTS

technical details of muffin-tin potential constructignote The results of the TiSanalysis show rather good consis-
that the opposite case would point to the unsuitability of thetency. Four spectra by different sample orientations were
muffin-tin approximation itsejt measured and are displayed in Figa)3

The influence of the core hole left by the excited electron In Fig. 3(b) we present the partial spectral components
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FIG. 3. (a) Polarized TiK absorption spectra of TiJecorded FIG. 5. (a) Polarized Te_; and TiK absorption spectra of Tife

for four different sample orientations, together with) the partial  recorded for four different sample orientations, together jtthe
spectral components extracted from three different alternative sefsartial spectral components extracted from two alternative sets of
of the experimental spectra. In the “zero position'e€ 6=  the experimental spectra. The zero position of the sample is defined
=0) the trigonal axisc coincides with the wave vectdr and the  as for TiS. The TelL, absorption begins at about 4930 eV, while
axisa is parallel to the polarization vecter(see Fig. 1 the Ti K absorption begins at 4960 eV approximately.

Pxy andp, extracted from three independent sets of spectr&xtraction of partial components from the common spectrum
measured at different sample orientations. The equivalerifivolving both the Tel; and the TiK absorption edges will
curves obtained from the alternative sets are displayed aRrovide the summarized components pli,+Te py, and
together in order to emphasize the reproductivity of the techTi p,+ Te p,. The absorption edges are situated so that the
nique. Ti K absorption begins at about 4960 eV where the XANES
Analogously to Ti$, five different TiK absorption spec- Of the TeL; absorption is nearly ovgsee Fig. £a)]. In Fig.
tra were recorded for Ti$¢Fig. 4@)]. The resulting, , and ~ 5(b) we present the partial spectral components extracted
p, components are very similar with those of JiShe only ~ from the common TeL, and Ti K absorption spectra of
difference is that a better sample quality allowed us to perliTe,.
form one more additional independent measurement and thus All the investigated compounds have nearly identical geo-
to reach a better statistics. In order to compensate for th&etrical structures; they differ just by a uniform bond-length
influence of thickness effects, we applied such sample orierscaling. Hence, in comparing spectra of JiJiSe, and
tations that provide equal or similar effective sample thick-TiTe,, one can make use of the fact that interatomic dis-
nesses. The curves of tipg , or p, components, extracted tancesR;; enter the XANES formula only in combination
from alternative combinations of experimental data, coincidevith energyE measured from the muffin-tin zeNyyrz, viz.,
perfectly with each othefiFig. 4(b)]. as arguments in free-electron propagatgB—VyrzR;; . ™
TiTe, offers a more complicated situation. Here thelLTe ~ That means that if XANES spectra in consideration are
absorption edge lies very close to that of theKTabsorption.  scaled appropriately, any differences due to different lattice
Nevertheless, the Tk, absorption must be predominantly constants will be removed: One can immediately see that if
formed by the dipole transitionss2+p. From the trigonal two particular spectral features occur at energigsand E;
surrounding of the Te atom one can expect a similar polarfor one compound and at energiEs and E; for another
ization dependence as for K absorption. Therefore, the compound, then neglecting differences in phase shifts one
gets

(E;—E}RI=(E;—E})RS, (6)

whereR; andR, are characteristic interatomic distances in
the first and in the second compound, respectively. Any de-
viations still remaining after such a scaling can be attributed
to differences in phase shifts, i.e., in the electronic structure.
In Table Il nearest-neighbor distances and corresponding

-
(3]
s

N
:

absorption (arbitrary units)

0.5 scaling factors according to the relatitB) are presentetive
®) Pxy TABLE Il. Scaling factors leading to equivalent energy ranges.
P:
] t t t .
4960 4970 4980 4990 5000 Nearest-neighbor _
Energy (eV) Compound distance(A) Scaling factor
FIG. 4. (a) Polarized TiK absorption spectra of Tigseecorded  TiS, 2.42 1.000
for five different sample orientations, together with) the partial  TiSe, 2.53 0.915
spectral components extracted from four alternative sets of the exfiTe, 2.73 0.786

perimental spectra. The zero position is defined as fog. TiS
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LAML ANEL A S ML AL R At N EEL B S

choose a unity scaling factor for Ti®y definition. These L
scaling factors were employed to determine equivalent en- TiS2
ergy ranges used for displaying experimental as well as the- &
oretical results for Tig TiSe, and TiTe Ti K-edge spectra

in Fig. 6. The positioning of theoretical spectra in the abso- g
lute photon energy scale was set by convenience for eachE . p .
edge, so that the best agreement with corresponding experi '8 ~~~~~ NP =N .
mental curves is achieved. g 7" )

In Fig. 6(c) the theoretical TK edge of TiTe is super-
posed onto the Té,; EXAFS (see below. It barely differs = { /=
from a “pure” Ti K edge; therefore, a separate Riedge 4
calculation is not presented here. The only feature introduced

experiment

>,

... RS-MS calculation

polarize

4970 4980 4990 5000

by the presence of the Tle; edge is the occurrence of the
low-energy tail below the prepeak in the, component AN R AN DAL AL ANL RSN B
(aroundE=4962 e\j. For all three compounds, a full con- TiSe, experiment

vergence of the calculation with respect to cluster sizes was &, / T T e
achieved at 99 atoms; however, gross features of the full- g R
cluster theoretical spectra were reproduced for 51 atoms al- ><
ready.

Experimental and theoretical Te-edge polarized spec-
tra of TiTe, are compared in Fig. 7, together with analogous
data for the SK edge of Ti$ taken from the literaturg’
Note that both of these spectra probe unoccupistatesas =} /...
“seen” from the anion site. Again, energy ranges of the !
plots were scaled according to Table Il. As the experimental
and theoretical ¥X-edge spectra of Ref. 5 are not polarized,
we included in Fig. 7 also calculated projected densities of I B A L
unoccupied states published birsnek et al.” TiTe experiment

The onset of the TK edge is shown in the figure as well. g 2 -
The energy separation between the theoretical Ti and Teg
edges(27 eV) was taken over from the measured spectra, X
while the ratio between the calculated intensities of the Te g:
and Ti edges was provided by the theory itself.

The two main peaks at 4941 and 4950 eV can be repro
duced(with a correct polarization dependender a cluster .3
containing 16 atoms. On the other hand, even 57 atoms was &
not enough to generate the second peak splitting, which ap-
pears only for yet larger clusters.

RS-MS calculation

polarized T4 !

4970 4980 4990 5000

4970 4980 4990 5000
energy [eV]
VI. DISCUSSION
FIG. 6. Experimental and theoretical polarizedKFedge spec-

Titanium dichalcogenides TiSTiSe, and TiTe show a  tra of (a) TiS,, (b) TiSe, and(c) TiTe, within equivalent energy
very similar behavior with respect to the process of the poranges obtained by extending the energy scale by the scaling factors
larized x-ray absorption. There is an apparent correlation besf Table Il. Experimental curves represent averages of several po-
tween spectral features of the three compounds and nearlyrization decomposition®r partial spectral componentss shown
each qualitative conclusion is valid in all three cases simulin Figs. 3b), 4(b), and 8b). Theoretical curves are the results of
taneously. In particular the energy separation between theal-space multiple-scattering calculations for clusters of 135 atoms.
prepeaks and the main peaks as well as between the mafnbroadening by an energy-dependent Lorentzian to account for the
peaks and the second peaks are roughly identical for all thregore hole lifetime and inelastic photoelectron losses was included.
compounds, provided the energy scaling according ta&q.
is taken into accountsee Fig. 6. pseudopotential methbdor by a full-potential linearized

The real-space multiple-scattering calculation reproduceaugmented-plane-wave metiBdlisagree with the results
the measured spectra quite well both in peak positions and ipresented by Antonangedt al* as well.
polarization dependence. For }jSt compares better than The prepeak at 4968 eV in K-edge spectra of titanium
the calculations of Antonangedt al? This contradiction is a  dichalcogenidés’ and related compountlshas been the
bit surprising, given the fact that Antonangei al. use a  subject of an intensive study. Our analysis clearly demon-
method similar to ours. Nevertheless, it is difficult to identify strates that the quadrupole contribution to this prepeak is
the reasons for this as no details regarding the size of theegligible for all three investigated compounds. Otherwise,
cluster or scattering potential are given in Ref. 4. Note, how-one would never reach such a good coincidence in the polar-
ever, that angular momentum projected densities of both odzation decomposition performed for different “sets” of
cupied and unoccupied states of Ti@lculated recently by a spectra, taking into account the dipole-p transitions only
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HLIMAMREM SR IR ML MM I Regarding the polarization dependence of the prepdaty-S
nek et al.” argue on basis of self-consistent electronic struc-
density of states ture calculations that in TiShe first subpeak appears in the
FWHM =3.32 eV Pxy Polarization only, while the second one is isotropic. Our

Simunek et al ; i i i
(Simunck et al) experimental data for TiSeand TiTeg suggest that this con-

clusion might be valid for the other two layered dichalco-

— zy-plane .
..... Zaxis genides as well.
-+=+ unpolarized The largest discrepancy between the theoretical and ex-

perimental curves occurs within the region above the main
peak for all three compound the region 4980—-4985 gV

density of states The occurrence of a redundant structure at this energy seems
FWHM = 0.59 ¢V LT ;
(Simunck et al ) to be a general drawback of all calculations: for Ji%

appears in the RS-MS results of Wai al® as well as in
self-consistent band-structure calculations wh&hek et al.’

The disagreement is most prominent for thecomponent
experiment | in TiS,, where it is hardly.possible to find any experimental
(Wu et al) counterpart to the theoretical peak at 4982 eV. Interestingly,
the same feature, which is apparently redundant in, Tap-
pears both in the calculated and, less pronounced but still
distinct, in the experimental spectrum of TiSélence there

unpolarized S K edge / polarized projected DOS

i
i !
;i ,' . ™ RSMS caloulation 1 seems to be a sufficient reason to believe that the suppression
il (Wu et al) of the fine structure around 4981-4983 eV in JiS a
,’ ! ’. many-body effect and that this effect is not the same in
e :, o TiS, and in TiSe. The simple linearly energy-dependent
2460 2470 2480 2490 2500 2510 Lorentzian broadening clearly is not good enough to account
for this fact.
I BLRLLALA B B B The TeL-edge polarized spectrum of TiJ&s compared

with the unpolarized 3K-edge spectrum of TiSin Fig. 7.
The energy range available for comparing the two spectra is
quite small in comparison to the K spectra in Fig. 6. As a
consequence, one cannot judge unambiguously whether or
..... / not there is an overall similarity between the J&hd TiTe
anion spectra. The spectra resemble each other in the begin-
ning: The separation between the first peak at 2468 eV
(TiS,) or 4941 eV (TiTe) and the second on@t 2476 eV
for TiS, and 4947 eV for TiTg is very similar in both
compounds, provided the energy scaling of E).is taken
into account(cf Fig. 7). Also the polarization dependence of
the TeL, edge in TiTg is the same as the computed polar-
e ization dependence of the IS edge in TiS,” i.e., the first
4950 4960 4970 o S
energy [eV] peak is higher for the, , polarization than for the, sym-
metry, while the second peak is more or less isotropic. This
FIG. 7. (a) Experimental and theoretical unpolarizecKSedge  polarization feature ought to persist at the Te edge as well:
spectra of Tig (from Ref. § and partial DOSfrom Ref. 7 together  We display in Fig. 7 the polarized densities of states broaden
with (b) the measured and calculated polarizedLTeedge spectra by a Lorentzian with a full width at half maximugFWHM)
of TiTe, within equivalent energy ranges. The DOS is displayedequal to both 0.59 eVlower curves, corresponding to the S
broaden by a Lorentzian with a FWHM of 3.32 d\pper curves K edgé and 3.32 eMupper curves, corresponding to the Te
and 0.59 eV(lower curve$. The experimental spectra of TiJe L, edge. On the other hand, the third pealet 2487 eV for
represent averages of two polarization decompositi@nspartial TiS, and at 4952 eV for TiT# differ in their positions quite
spectral cgmponerﬁtsis shown in Fig. &). The theoretical Curves oot so they do not seem to be analogous to one another.
for ttthe. T'Tezl Sret.Ctru][n arel a treSl]fltlég at reaI-Zpgce dmu!t'pk; The first peak is distinctly split in TiSboth in the experi-
scattering calcuiation for a cluster o atoms. A broadening By, ot and in the theory? The separation of sub-peaks is 2
an energy-dependent Lorentzian to account for the core hole life- - I : .
time and inelastic photoelectron losses was included. ey. A similar splitting occurs In our RS-MS calculation for
TiTe, for very large cluster size@more than 60 atomsas
(Figs. 3—5. Hence any participation of the Tid3states in  well and the same is true also for projected @density of
this transition can arise only througld3ip hybridization. states derived from the self-consistent band-structure calcu-
The double structure of the prepeak, predicted by thdation of Claessert al2 However, due to different core hole
theory’’ for TiS,, appears in TiSeand TiTe theoretical widths(3.32 eV for the Te & level compared to 0.59 eV for
curves as well. These two subpeaks are not fully resolved ithe S I level'’), such a splitting cannot be present in the
the experimental spectra; nevertheless, there is clear eviiTe, experimental spectrum.
dence that there is a complex structure involves. 3—6. A not-so-perfect coincidence between the experimental

TiTe2
(b)

experiment

RS-MS calculation

polarized Te L, edge

O
4940

4930
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polarized curves extracted from different data sets at Te in the equivalent energy scales. This is really true for the
absorption edgécf. Fig. 5 could be caused by experimental trends in polarization dependence, in particular in the case of
errors or(less probablymay indicate the presence of a non- the prepeak. Some quantitative differences between spectra
negligible quadrupole contribution. The fact that there is les®f different compounds still persist after the scaling, thus
of a correspondence between anion edges than between catanifesting differences in the electronic structure. Specifi-
ion ones is not surprising: When comparing cation edgesally there is evidence that many-body effects underlying
(Fig. 6), the absorbing atom is always the same, viz., titaphotoelectron inelastic energy losses are different in, TiS
nium, while it changes from S to Te for anion eddBfy. 7).  and TiSe and are responsible for suppression of the fine
Hence it is natural to expect that the differences in electronistructure between 4980 and 4985 eV inKFedge XANES
structure would have a better chance to get revealed througif TiS.,.

anion edges than through cation ones. As far as the Ted.;-edge spectrum of TiTeand the S
K-edge spectrum of TiSare concerned, again some similari-
VII. CONCLUSIONS ties between them can be seen. However, clear differences

) . . between them persist even after energy scaling, especially
The results of the comparative analysis of the three t'tabeyond the absorption edge.

nium dichalcogenides could be summarized in the following
points. The main spectral peaks and polarization features in
x-ray-absorption spectra of TjSTiSe,, and TiTe can be
reproduced by a real-space multiple-scattering calculation
within a one-electron theory. The good agreement between The experimental work was supported by the Hamburger
polarized spectra obtained from different data sets as well aSynchrotronstrahlungslabor HASYLABProject No. 11-95-
between the experimental and the theoretical curves for eadsv). The theoretical work was supported by Grant No. A
compound demonstrate the suitability and usefulness of out010608 of the Academy of Sciences of the Czech Republic
procedure for the polarization decomposing. and Grant No. 202/97/0566 of the Grant Agency of the

The Ti K-edge spectra of all three compounds are quali-Czech Republic. The use of therYSTIN crystallographic
tatively quite similar to each other, especially if the differ- database was supported by Project No. 203/96/0111 of the
ences in lattice constants are diminished by comparing ther@rant Agency of the Czech Republic.
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