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Abstract: X-ray absorption spectra at the P and S K-edges are reported for the molegdéSs (@ = 1—4) in the

gas phase. The X-ray absorption near edge structure (XANES) region is shown to be very sensitive to the valency
of the excited phosphorus atom @ and (GHsO)sPS are used as reference compounds corresponding to the different
chemical environments of phosphorus in the investigated phosphorus oxide sulfides. The XANES spectra of the
phosphorus oxide sulfides can be represented by a superposition aOgarfe (GHsO)sPS spectra. Using XANES

as a fingerprint method, the single lines in the XANES region are assigned to molecular fragments. The results are
compared with MS X calculations of the P€$ cluster, which is assumed to contain all the interactions that are
relevant for the P(V) portion in the molecules.

Introduction

The X-ray absorption near edge structure (XANES) can be
used to investigate a selected element within a molecule or solid
and at a chosen absorption edge, as well as to probe the local
chemical environment of the excited atom. Especially at the
K-edge of an absorbing atom, strong resonances appear below
the ionization potential, and they are assigned to electron
transitions from the 1s orbital to unoccupied electronic states
below the ionization limit. Their number, the energy position,
and the intensity of these resonances are very sensitive to the
type and symmetry of the unoccupied electronic states. Hence,
they are sensitive to the valency, the coordination geometry,
and the effective charge of the absorbing atom. For this reason
the near edge fine structure can be used for a qualitative analysis
of the local environment of a particular atom in a molectfe.

An advantage of XANES is that amorphous samples such as

glasses and polymers can be investigated as well as crystals,
since no long-range order is required in the samples. Moreover,

the measurements can also be carried out with liquids, or

samples in the gas phase.

The motivation of this work was to study the relationships
between electronic and structural properties of well-defined
simple molecules, with the view of applying XANES results to (CH50)3PS (Ph=Phenyl-Rest=CsHs-)
more complex compounds. Since similar molecules are found gijgyre 1. structures of the investigated molecules.
to reveal similar fine structure in the near edge region,
information about molecules of interest can be obtained by chemical structures are well known from X-ray diffraction
comparing their XANES spectra with spectra of appropriate studies, and they can all be derived from the same bagg P
reference compounds and thereby using the reference spectr@age (Figure 1), simply by adding up to four terminal sulfur
as fingerprints:* With this in mind, the series of molecular  4toms to the phosphorus atoms. Apart from slight geometrical
phosphorus oxide sulfides®S, (n = 1—-4) seems to represent  changes of the whole basic®; cage, this addition leads
a suitable model system for such an investigation. Their eqominately to modifications of the local environment of the
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formally equivalent trivalent P atoms, the equivalent P atoms was assumed to be a Voigt profile, that is, a convolution of a Gauss
in P,OsS4 are all pentavalent. In the intermediate molecules function and a Lorentz profile. As the Gaussian line width represents

P406S, P06S;, and ROsS; both P(lIl) and P(V) coexist in a  the resolution of the monochromator, this parameter was set to a
varying ratio. constant value of 0.9 eV. The Lorentz profile represents the natural

Hence, XANES spectra at the P and S K-edges of these line width, mainly caused t_)y_th_e lifetime of the electron hol_e. Th_e fit
. . was carried out so as to minimize the number of Voigt profiles within
molecules were obtained. Further, in order to study the

infl f the fi I hiah dinati hell a fit, and thus the Lorentz width was set as a free parameter.
influence of the first as well as higher coordination shells on Consequently, the fitted lines are sometimes quite broad, but this was

the electronic properties of the absorbing atom, an additional gone so as to select the strongest resonances. Especially near the
XANES spectrum at the P K-edge ofg;0);PS was measured.  ionization potential, the Lorentz width is found to increase. This might
This molecule contains the same fZOfragment as the be due to several narrow lines overlapping, e.g., transition into Rydberg
phosphorus oxide sulfides (Figure 1), and comparison with the states. The absorption edge itself was represented by an arctangent
XANES spectrum of this reference compound yields information function with the ionization potential at the turning point of this
about the degree of localization of the molecular orbitals at function.

particular parts of the moleculé. The interpretation of the The values of the ionization limits can be experimentally determined
single lines in the XANES region is corroborated by M& X by X-ray excited photoelectron spectroscopy (XPS), but no 1s photo-

calculations of the P§S fragment present in the reference electron spectra of gaseous(sS, (n = 0—4) have been published
compound (GHsO)PS. until now. However, some 1s and 2p photoelectron spectra©f, P

P4O10, PsS10, (CH30)3PS, and NgPG;S exist!1° The photoelectron
energy of a particular compound is smaller in the solid than in the
vapor phase, because the photoelectron loses kinetic energy while
Experimental Details. The XANES spectra were obtained at the leaving the solid (work function). As the reported photoabsorption
beamlines BN2 and BN3 using the synchrotron radiation of the Electron spectra were made with the samples in the gas phase, the 1s ionization
Stretcher Accelerator ELSA in Bonn, operating in storage mode at 1.9 energies of the vapor samples would be helpful for the data analysis,
GeV with an average current of about 50 #fAThe X-ray-beam is but only the 2p potential of #0s was measured in the gas phd%és
monochromatized by a double crystal X-ray monochromator of the outlined by Kiper et al2 many 1s and 2p binding energies of gaseous
Lemmonier typ# equipped with two InSb(111) crystals. They have phosphorus molecul&®225 show a remarkable linear dependence
a 2 of 7.4806 A and a resolution of 0.8 éVat the P K-edge. The  between the 1s and 2p binding energies. Thus, the 1s ionization
monochromatic photon flux rate is about®Jthotons per second and  potential of ROs can be estimated from the 2p shift in accordance to
per energy interval. The monochromatized beam first passes throughthe correlatio®® AE(2p) = 0.88AE(1s) — 0.347.
areference ionization chamber, then through a heatable sample chamber, ap, jonization potential of 2153.7 eV was measured fgD§! and
ar_1d finally through the detecto_r ionization ch_amber. In accqrdance this value was used for this molecule as the energy position of the
with Lambert's law the absorption cross section can be obtained by 4y ctangent function, representing the ionization limit in the fit. With
recording the logarithmic ratio of the current of the reference and increasing P(V) portion in the molecules, the ionization potential is

detector chambers as a function of the incoming photon energy. The assumed to shift to higher energy, and this was also observed for the
photon energy was scanned from 2130 to 2190 eV at the P K-edge phosphorus oxide sulfides (Table 3).

and from 2450 to 2510 eV at the S K-edge, in steps of 0.03 eV and . . 17

with an integration time of 0.2 s per step. The experimental setup was M.S Xa c.:aICUIat'On' T.ha” et aI._ rewew_ed the MS X methOd’ .

calibrated to the maximum absorption of JR0; (2152.4 V) at the and in particular they pointed out its special usefulness in modeling
the electronic structure of such phosphorus compounds as studied in

P K-edge and to the maximum absorption of Zng24181.44 eV) at . . -
the S K-edge. These substances have been chosen as energy standar%l‘éS \_/vork. Details on the MS ¥ program an_d the calqulatlon method
applied here have been presented in previous publicatiéhs.

because of their high chemical stability. The calibration could be
reproduced with an accuracy of 0.05 eV. Higher orders were checked, The actual phosphorus oxide sulfide molecules are quite large and
and no influence was found. As the phosphorus oxide sulfides POssess a relatively low symmetry. This symmetry is reduced further
immediately decompose on exposure to air or moisture, a special samplevhen the specific phosphorus atom that has been excited is explicitely
chamber was constructed so as to keep the samples under an inertéken into account. Therefore, not only would tackling this problem
atmosphere (400 mbar of helium) during the measurements. In orderin @ direct way by modeling the complete molecules in their various
to minimize intermolecular interactions, the measurements were carried €xcited states require an excessive effort, but moreover the prospects
out with the samples in the gas phase. Therefore, they were vaporizedfor attaining a plausible picture through such a complex approach appear
by heating the sample chamber@, 30 °C; P,OsS, 22°C; PyOsS,, to be quite small. Thus, in the present study M& &alculations of

90 °C; P40sSs, 95 °C; P,OsSs, 140 °C). The purity of the prepared  the PQS cluster are reported. It represents a small constituent cluster
samples was investigated by X-ray diffraction measurements and wasof each of the phosphorus oxide sulfide molecula®¢B,, n = 1-4).

found to be better than 999611 Both before and after the XANES  This PQS fragment is assumed to contain all the interactions that are
experiment3P-NMR measurements of the samples were carried out relevant to the P(V) portion in the molecules. The structural data used
to check that no decomposition or oxidation had taken place. in the calculation are listed in Table 1.

Data Analysis. In order to analyze the near edge region, a linear
background due to L-shell absorption was subtracted from the raw data.Phglngr;rggg,l\(égcgifmeﬁe, H.; Hollinger, G. Electron Spectros®elat
After that the spectra were normalized to the absorption at 2190 eV. O . .

This enables us to directly compare the relative oscillator strengths of Stétlu? gg?iglf%lgé’qcfgésﬂéél_p‘ra]' B.; Streubel, P.; Meisel, APhys
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resonances within the near edge region, a least-squares fit of the XANES1986 41, 25.
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Table 1. Structural Data Used in the MSaXCalculation of the Table 2. Weighting Factors of the Reference Spectra Used for the
PGS Cluster Simulated XANES Spectra
Bond Lengths (pm) reference spectrum
P(V)-S 187.7 ;
P(V)-0 161.1 simulated spectrum Pe (CeHs0)sPS
P40sS 0.75 1
Bond Angles (deg) P,OsS, 0.50 2
S—-P(V)-O 116.86 P,06Ss 0.25 3
O—P(V)-0O 101.20
——— o e both compounds. Hence, this resonance can be assigned to a
i _ ) P(Il) 1s — o*(P(Ill) —O) transition?* Looking at the spectra

of P,O6S,; and ROsS;, a corresponding resonance (1) can be
I ] observed. In accordance with the decreasing P(lll) portion in
' (CsH;0);PS the molecules the intensity of resonance 1 declines and totally
disappears in thes®sS,; spectrum, due to the lack of any P(llI)
atoms. These observations indicate a high degree of localization
of the molecular orbitals at the P(lll) atoms in each of the
molecules. The remaining effect of delocalization, and the
influence of the second coordination shell on the P(lll)-ts
o*(P(ll) —0O) transition, can be observed in the slight shift of
resonance 1 to higher energies with increasing P(V) proportion
(P40s, 2147.44 eV; BO6S;, 2148.2 eV), but this effect is
comparatively small.
Considering the second resonance (2) in th@sB, ROsS;,
and ROsS; spectra, it is striking that they appear at nearly the
same energy position as the white line (resonance 2) in the
spectra of EFOsS; and (GHsO)PS. This correspondence
indicates that these resonances are due to equivalent electron
transitions from the P(V) 1s orbital to similar unoccupied
o electronic states in each of the molecules. It also indicates a
2140 2150 2160 2170 2180 high degree of localization of the molecular orbitals at the
ENERGY corresponding P(V) atoms. However, in this case no influence
eVl P
) ) ) of the second coordination shell (P(lll)) can be observed.
Figure 2. P K XANES spectra of the investigated molecules. Furthermore, comparison of the spectra shows that4Q)s-
PS is a suitable model compound for the P(V) part in the
molecules, as it contains the samezBG@ragment.

A Qualitative Discussion of the P K Near Edge Region. Simulated XANES Spectra of ROeS, (n = 1—4). Ac-
Figure 2 presents the XANES spectra @O, P40sS, P,0sS,, cording to the arguments above, the absorption spectrzOasP
P40sSs, P406Ss, and the reference compoundsEGO)sPS. For P40sS,, and ROsS; can be regarded in a first approximation as
a better comparison of the relative oscillator strengths each @ linear superposition of the B@agment (P(111)) available in
spectrum in this figure is normalized to the maximum intensity. the POs spectrum and the RS fragment (P(V)) available in
The lower energy peaks {B) are assigned to electron the XANES spectrum of (€Hs0)sPS. This can be achieved
transitions from the 1s orbital to unoccupied molecular orbitals Py simply adding the suitably weighted reference spectra©§ P
below the ionization potential, whereas the so-called shapeand (GHsO)sPS. In order to retain the relative ratio of the
resonances above the ionization energy not marked in the spectresonance intensities, all spectra are usually normalized to a
are due to multiple-scattering resonances in the contint#lm. point far above the edge. Since the number of absorbing P

A comparison of the XANES spectra of®s, P:0sSs, and atoms in the reference molecules is differeR{Og hgs four_ P
(CeHs0)sPS first of all reveals the influence of the valency of atoms, whereas the {850)sPS molecule only contains a single
the absorbing atom. It has been found empirically that the P atom-—this mu_st b_e taken into account in the wglghtlng factors.
energy position of the first strong resonance in the near edgeFurther, the weighting fa_ctors also reflect the_ran_o of th_e number
structure (the so-called white line) shifts to higher energies with of P(Ill) and P(V) atoms in the molecules, which is 3:1 k06S,
increasing valency of the absorbing até#32728 This is in 2:2 in PO, and 1:3 in BOS;. The weighting factors
good agreement with the spectra ofg containing P(Ill) and necessary are listed in Table 2. In addltlo_n to this, th@sP
of P,0sS; and (GHsO)sPS, both containing P(V). The energy SPectrum has been shifted to higher energies by about 0.4 eV
shift between the white lines in the absorption spectra amounts (P406S), 0.6 eV (R06S,), 0.8 eV (ROeSy) in order to account
to 2.6 eV. for the influence of the second coordination shell. A striking

Considering the XANES spectrum of @S, the first similarity between the resulting constructed spectra and the

resonance (1) occurs at nearly the same energy position as th@ctual measured absorption spectra can be observed in every
corresponding resonance in thedg spectrum. This agreement  case (Figure 3).

indicates a transition from the 1s orbital of a phosphorus atom _ 1he observed localization of the resonances within the
with valency Il to a similar unoccupied molecular orbital in  XANES spectra and the obvious similarity of the measured and

simulated spectra strongly support the assumption that the
(27) Wong, J.; Lytle, F. W.; Messmer, R. P.; Maylotte, D.Rfiys Rev. observed transitions are localized within defined parts of the

B 1984 30, 5596. C : .
(28) Mande, C.: Sapre, V. B. Idsances in X-ray Spectroscapy molecules. The weighting factors correspond nicely to the ratio

Bonnelle, C., Mande, C., Eds.; Pergamon: New York, 1983; Vol. 17, p Of P(lll) and P(V) atoms, while the shift to higher energies of
287. the P(lll) resonance can be attributed to a slightly modified
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Figure 3. Simulated XANES spectra ofs8sS, P,.OsS;, and ROsSs: P,0¢Ss | (C6H5O)3PS

(a) measured data, (b) constructed spectrum, (c) difference between
(@) and (b).

electron density at the absorbing P atom (an influence of P(V)
in the second coordination shell) and to small geometrical
changes in the basi® structure.

A More Detailed Discussion of the P K Near Edge Region
and Comparison with the Results of the MS X Calculations.
Looking at the XANES spectra of the investigated molecules
(Figure 2), the absorption in the energy region above 2149 eV
which corresponds to the P(V) part in the molecules is very
broad. Obviously, this originates from a superposition of several
narrow absorption lines that cannot be resolved. In order to Figure 4. Least-squares fits for4S, (n = 0—4) and (GHsO)sPS.
obtain information about individual resonances within the near The bold lines in the latter spectrum represent the results of the MS
edge region, least-squares fits of the spectra have been mad@® calculations and are assigned with increasing energy to the

. ; ) fansitions 1s— 6a, 6e, 7e, 8g and 9a
by using several Voigt profiles. The energy range between 2145
and 2160 eV of edtP K XANES spectra is shown in Figure
4. The values of the ionization potentials (IP) obtained from 9a. Thus, resonance 2 can now be attributed to a transition
the least-squares fits and the energy positions of the absorptiorfrom the 1s to the unoccupied molecular orbitals &ad 6e.
maxima of the various resonances marked in Figure 4 and theThe calculated charge distributions of these orbitals reveal a
Lorentz width obtained are listed in Table 3. A detailed high electron density in the P and S spheres. This localization
discussion of the XANES spectrum of® is given in a paper and the particular I-type charge fractions in the P and S atoms
by Kuper et al2 who assign resonance 1 to the transitions 1s furnish evidence that the transitions of 1s electrons into the 6a
— 5e and 5@ which correspond to the P(Ill) part in the and 6e states can be attributed to theeSbonding. Comparison
molecule. with the P K XANES spectrum of 0;¢?* which contains four

Considering the P(V) component in the XANES spectra terminal P=O bondings, shows that the assignment of resonance
(energy region above 2149 eV), some new aspects now become to an electron transition in a molecular orbital that is mainly
obvious. The assignment of resonance 2 to an electron transitionbuilt by P(V) and S is to be expected, since this resonance
from the P 1s orbital to an unoccupied molecular orbital mainly appears at a lower energy position (1.7 eV) than the corre-
localized at the P(V) atom and the terminal S atom is confirmed sponding absorption line in they®;o spectrum (2151.7 ).
by MS Xa calculations of the P¢5 fragment, which models ~ Oxygen is more electronegative than sulfur, and it has been
the P(V) part of the molecular phosphorus oxide sulfides. The found empirically that increasing electronegativities of neigh-
results of the MS X calculations are depicted in the portion boring atoms tend to shift the resonances to higher enefjies.
of Figure 4 showing the XANES region of the reference By analogy, this assignment for resonance 2 also applies to the
compound (GHsO)sPS. The transitions are assigned with XANES spectra of the other molecular phosphorus oxide
increasing energy to the transitions-*s6a;, 6e, 7e, 8g and sulfides (Figure 4).

ABSORPTION [g.u.l
ABSORPTION f(o.u.]
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Table 3. Results of the Least-Squares Fits Shown in Figure 4

peak energy Lorentz absorption

no. (eV) width (eV) (arb units) assignment
P4O¢ 1 2147.44 0.7 6.6 1s- P(II)—O
2 2149.77 0.9 2.0
3 2152.09 31 1.7
IP 2153.70 0.9 1.3 1s- Kont
P4O6S 1 214787 11 29  1so*(P(Il)—O)
2 2149.70 0.9 2.3 Is- o*(P(V)=S)
3 2150.48 0.9 1.9
4 2151.55 1.7 1.7 Is- o*(P(V)—0)
5 2152.90 1.8 11
IP 2153.70 0.9 15 Is- Kont
P:OsS, 1 2148.07 1.2 1.0  1s o*(P(ll)—0)
2 2150.00 0.9 3.3 Is- o*(P(V)=S)
3 2150.80 0.7 15
4 2151.80 15 2.0 Is- o*(P(V)—0)
5 2153.00 16 1.0
IP 2153.90 12 15 1s- Kont
PsOsSs 1 214823 05 05  1s o*(P(l)—O)
2 2150.10 0.9 3.8 Is- o*(P(V)=S)
3 2150.91 0.7 1.8
4 2152.08 16 1.9 Is- o*(P(V)—0)
5 2153.35 16 1.0
1P 2154.20 1.2 1.5 1s- Kont
P40sS4 2 2150.05 0.9 5.1 1s> o*(P(V)=S)
4 215253 15 21  1s o*(P(V)—O)
5 2153.57 12 0.9
IP 2154.30 1.3 11 1s- Kont
(PhO}PSs 2 2150.08 0.9 47 ts o*(P(V)=S)
3 2151.01 1.0 1.8
4 2152.25 16 2.2 Is- o*(P(V)—0)
IP 2153.50 1.3 1.2 1s> Kont

By comparing the relative intensities and energy positions,
resonance 4 in thesPsS, and the (GHs0)3PS spectra seems

Pantelouris et al.
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Figure 5. S K XANES spectra of FOsS, (n = 1-3).
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by P(lll) and O are also expected to be above 2149 eV. Asthe
fits have been carried out with the aim of detecting only the
strongest resonances, it is not surprising that the fitted lines in
the ROgS spectrum possess different relative intensities than
those in the FOsS; and ROsSs spectra. Besides, their energy
positions have changed. Compared i0§%5,, resonances-24

are shifted about 0.3 eV to lower energy (Table 3).

Finally , P4Os does not contain any P(V) atoms, and hence,
the respective absorption spectrum is totally different. In
particular resonances 2 and 3 do not correspond to resonances
in the phosphorus oxide sulfide molecules. According tpé&u
et al.2! they were assigned to P(lll) s ¢o*(P—O) electron
transitions.

to be caused by electron transitions, which possess analogous Thus, with increasing P(V) portion in the molecules resonance
features. Since it appears at higher energy than resonance 2 (P(Il)—0) decreases in intensity, is shifted to higher energies,

(due to the P(\A4S part), this resonance is related to the

and totally disappears in the spectrum gdES4, where no P(lll)

P(V)—O part in the molecules, because of the higher value of part is present. On the other hand, resonance 4 (PQ))is

the electronegativity of oxygen. Accordingly, resonance 4 can
also be related to the P(MJO portion in the XANES spectra
of P4OgS, ROsS,, and ROsS;. It shifts slightly to higher energy
(Table 3) with increasing P(V) content within the molecule, but

shifted to lower energies with increasing P(lll) part in the
molecules, whereas resonance 2 related to the=P$vpart
exhibits no significant energy shift.

Discussion of the XANES Spectra at the S K-EdgeThe

this can be assigned to the electron-withdrawing tendency of sulfur atoms in the moleculess®sS, (n = 1—4) are always

the second neighbor shell. In the spectrum gbdno such

terminally bonded to one of the phosphorus atoms in the basic

resonance 4 can be observed, which is expected because of thB4Os cage. If one also considers the three neighboring oxygen

lack of any P(V) atom in the molecule. This interpretation is
also corroborated by the results obtained from the M& X
calculation of the Pg5 fragment. Resonance 4 in the{g0)s-

PS spectrum can be attributed to the electron transitior>1s

atoms in the FOg cage, the sulfur can in a first approximation

be regarded as being at the top of a regular trigonal pyramid
with phosphorus in the center and oxygen at the base. In doing
so, one disregards the results of structure analysis by X-ray

8a, and as indeed expected, the calculated I-type chargediffraction method$; ' which discloses slight geometrical

fractions of the 8aorbital indicate a corresponding localization
at the P(V) and O atoms.
The similarity of the P(V) portion in the®sS; and (GHs0)s-

changes in the basics®s cage and minor S bond length
variations: 189.0 pm (®eS), 188.5 pm (FOsS;), 188.2 pm
(P406S3), 188.6 pm (RO6Ss).1°

PS spectra is striking. The intensities and the energy positions Figure 5 presents the XANES spectra gO8S, P,0sS,, and

of the resonances are nearly identical. In comparison to the P,OsS; at the S K-edge.

P40sS4 spectrum, resonance 4 which is related to the PQ)
part is shifted slightly to lower energy (0.5 eV) in thg(RS;

It appears quite plausible that the
differences in the otherwise similar XANES spectra result from
the slight geometrical changes in the representatiySRDster.

spectrum. This can obviously be traced back to the influence In all cases a dominant resonance is followed by two weaker

of the second coordination shell, i.e., the increasing P(lll) part
in the molecule. An inspection of tha®:S; spectrum discloses
the same trend.

In the ROsS molecule only one P(V) atom exists, in contrast
to the three formally trivalent P atoms. The total intensity at
the energy region above 2149 eV (which is mainly related to
the P(V) part) is comparatively high, indicating a relatively high
oscillator strength of the pertinent electron transitions. Never-

absorption lines at about 2475 and 2478 eV. Analyzing the
energy positions of the intense main resonance for the various
systems discloses an energy shift to higher energies with
increasing sulfur content {BsS, 2471.35 eV; F06S,, 2471.85;

eV; Py0sSs, 2472.24 eV). In principle, both the slight=5
bond length variation and the varying content of pentavalent P
in the ROg cage could cooperate in causing this observed energy
shift. In order to discriminate between these two possibilities,

theless, strong resonances that are due to electron transitiongreliminary calculations were carried out with the model cluster

from P(Ill) 1s to unoccupied molecular orbitals mainly built

PGS with (i) varying P=S bond length and (ii) the three
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peripheral O atoms slightly charge-depleted in O 1s. The latter of the XANES spectra by using a minimal number of Voigt
charge depletion was introduced in order to simulate the profiles allow an assignment of individual lines to specific parts
effective electron affinity of the outer surroundings which of the molecule (P(IIB-O, P(V)=S, P(V)—0O) and indicate a
increases with increasing pentavalent P atom content. Thehigh degree of localization of the molecular orbitals within
results of these calculations lead us to conclude that the Pconfined subregions of the phosphorus oxide sulfides. These
valency prevails in producing the observed energy shifts of the assignments are corroborated by M& Xalculations of the

main absorption line. PO;S fragment, which represents the P(V) portion in the
' molecules FOsS, (n = 1—4) and in the reference compound
Conclusion (CeHsO)3PS. The effect of the second coordination shell
The molecular phosphorus oxide sulfide©BS, (n = 1—4) manifests itself mainly in causing only slight changes in the

represent suitable model systems for demonstrating the useful-8Nergy positions of certain lines. The results obtained by
ness of XANES measurements for investigating the local @nalyzing tie P K near edge region agree with the corresponding
environment of a particular element within a molecule, if XANES spectra at the S K-edge. As the results have been
appropriate reference compounds are available. Using XANES Supported by MS X calculations, a semiquantitative picture
as a qualitative fingerprint method, information can be obtained Of the XANES spectra of the complex phosphorus oxide sulfides
about the valency of the absorbing atom (P(lll), P(V)). By has been obtained.

regarding tie P K near edge structures as an additive superposi- ~ Acknowledgment. This project was supported by the
tion of the reference spectra of® and (GHsO)sPS, the Deutsche Forschungsgemeinschaft (DFG) within Suader-
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