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Fourier filtration of XANES as a source of quantitative information of interatomic distances
and coordination numbers in crystalline minerals and amorphous compounds
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The method for quantitative determination of interatomic distances and coordination nu@bérsn
minerals and amorphous compounds by their x-ray absorption near edge st(X&MES) is proposed. The
generation of the method and the proof of its main points are based on the revealed theoretical description of
XANES for crystalline compounds and minerals as a sum of different photoelectron scattering processes on
two- and approximately linear three-atoms chains, originated at the absorbing atom. The method consists of the
Fourier filtration(FF) of the experimental XANES within the short range of photoelectron’s wave numbers and
the following fitting, with three varied parameters, of the first shell term extracted by the FF procedure. The
accuracy of the obtained local structural parameters is illustrated for the reference crystalline minerals, which
are used also to simulate the XANES formation in glasses. The application of the method to Mg XANES in
diopside-glass and its crystalline equivalent, Diopside, permits one to determine the Mg-O distance and CN for
the first oxygen shell around the Mg atom and to reveal the change of these parameters between the glass and
the crystal with similar chemical composition.
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[. INTRODUCTION the atom’s absorption cross section in compound as a sum of
different contributions from photoelectron scattering pro-

For a great number of poorly crystallized and amorphousesses on the atoms of environm&hThe validity of this
compounds the x-ray absorption near edge structurdescription is proved via XANES calculations for a wide
(XANES) appears to be the most available source of infornumber of crystalline compounds and minerals, which con-
mation on their local atomic structure, when extended x-rasist of low-Z elements:**®With its help the frequency sepa-
absorption fine structurdEXAFS) oscillations cannot be ob- ration of the first shell term from the others is revealed to be
served. However the analysis of the unknown structures bgufficient for applying the Fourier-filtratio(FF) procedure
XANES provides now only indirect and qualitative informa- to XANES and to extract the first shell term from the experi-
tion since it is usually performed comparing the XANES mental spectrum. The fitting of the extracted term is per-
features of the compound studied with that of the referencéormed within the short XANES range of photoelectron’s
ones'™ One of the main problems here is to choose thewave numberk to determine the structural parameters of
appropriate references and to reveal for them the charactepolyhedron, which coordinates the absorbing atémin the
istic XANES features, which reflect the type of the atom’scompound:R,, the distance fromA to the polyhedron’s at-
local environment. Thus, during last years the XANES ofoms andN,, the coordination numb€giCN) of atomA. The
low-Z elements(Mg, Al, Si) in crystalline minerals, with proposed method for quantitative determination of local
known site symmetry and site occupancy, were studiec@tomic structure by XANES, as well as the accuracy of the
extensively~° and used as references for the XANES studyparameterR; andN; obtained by it, are illustrated for the
of disordered compounds, such as glasses, clays, gels witeference crystalline minerals with different coordination of
similar chemical composition, where Mg, Al, and Si environ- Al and Mg atoms using their Al and Mg XANES spectra.
ments are unknown. The limitations of this approach are obThe application of this method to Mg XANES in diopside
vious and the origin of such a qualitative analysis arises fronglass (CaO-MgO-2Si§) with unknown Mg local environ-
the traditional theoretical description of XANES in terms of ment and in diopside crystal (CaMg8)), permits one to
the full multiple-scattering method*3This method permits  obtain theR; and N; values and to reveal their changes
one to reproduce the XANES features in agreement with th&etween the glass and its crystalline equivalent.
experiment for compounds with the known atomic structure,
exactly determined by the diffraction methods, but appears to
be of s_mal_l use to solve the inverted problem—quantitative || THEORETICAL DESCRIPTION OF Al AND Mg
de_te_rmlr_latlon of_IocaI_structuraI_ parameters, when the unceig ANES IN CRYSTALLINE COMPOUNDS AND MINERALS
tainties in the diffraction data interpretation occur or these
data are unavailable. The inverted problem—determination of structural pa-

In this paper, to solve the inverted problem, the theoreticatameters by XANES—can be solved within a mettod
description of XANES is proposed, based on the treatment ofvhich considers that the absorption cross secitf#) of an
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atom in compound is constituted of a sum of different pho-the following (Secs. IlI, IV) the obtainedEy; values are
toelectron scattering contributions used also for the Fourier-filtration procedure.
Within the proposed method the accurate knowledge of
o(e)= a1+ xL(e)+ xR () + yus(e)], (1) the function og(e) in the near edge region &(
at SS SS MS =<30-50 eV) is important especially for the extraction of

wheree is the photoelectron energy started from the intersti—the first shell termXSS(s)_from the experimental XANES.
However the MT approximation normally used, as well as

tial potential(EMT) called muffin-tin(MT) zero in the pho- ) ; o R
ton energyE scale, i.e.s = E— Eyr; ou(#) is the factorized the accounting for multielectron excitations—intrinsic losses
part of the absorption cross section, which contains the ma2n!y by the undetermined energy-dependent reduction factor

trix element for & photoionization|(1s|V|e,p)|? and the S3(s) (Ref. 20—make unreliable the theoretical function
contribution of the accompanied intrinsic processes withinoai(¢), obtained through the direetb initio calculations in
the absorbing atom. Thekl(e) andy{R9)(s) are the terms  the near edge energy region. Therefore thg(e) was ob-
which correspond to the photoelectron single-scatte(8% tained from the experimental XANES spectrum of the com-
from the first shell and from the more distant shéftéddle-  pound studied by the generated procedure consists of the
range order(MRO) term|, respectively*!® The multiple two steps. At first, the convolution ofF®**®{e) with the
scattering(MS) term yus(e) consists of the photoelectron Lorentz function under the large, nonphysical value of
double- and triple-scattering processes on atomic chainigs energy width" (the parameter used to account for
A-F-S originated at the absorbing atofnand chosen under the photoelectron inelastic losses and experimental resolu-
the empirical “selection rules,” wher€ is the intermediate tion) is performed, which suppresses the oscillateterms
atom betweerA andS. The “selection rules** are obtained in Eq. (1) and converts it into the parityo®P*{ &) ]convoluted
as a result of theoretical spectrum adjustment to the experi=[ o,(e) lconvolutes 1-€-» the [T ai(€) lconvoluea—the convo-
mental one, performed by theELcompcodé” which selects  |uted or “smeared’o (&) is obtained from the experimental
the scattering contributions from the two- and three-atomsXANES spectrum by this step. The final step of the proce-
chains, necessary to be considered for experimental spectrugiire is the solution of the inverted problem—the recovery of
description. These “rules” consist in the maximum value of g, (¢) from the [ o4i(&) Jconvoluted UNder the used” value,
scattering pathway lengthR(,,,) on atomic chains and in the performed by the generated recovery cétiéhe accuracy of
minimum value of angle parametdl=|cos@F,AS| for  the proposed procedure was tested for the studied reference
these chains. So the chains, considered for XANES calculaminerals comparing their theoretical XANES with the ex-
tions must have their C values with@®,,,,<C<1.0 and the perimental ones and comparing the values of local structural
scattering pathway length on them mustsb®,,,,,. The con-  parameters, determined by,(¢e), with the available diffrac-
vergence of different MS terms, which results in the revealedion data(Sec. IlI).
“selection rules,” was discussed in Ref. 14. The photoelectron extrinsic losses were taken into
The phase shifts for photoelectron scattering on atoms imccount through the traditional exponential form
the studied compounds were calculated using the method @xd —R/A(e)]. The photoelectron mean free path length
Hartree-Fock(HF) MT-potential generatiof® This method  A(e) is usually not known exactly, especially for the near
permits one to obtain theoretical XANES and EXAFS spec-edge region of spectrum. However, the simulations of
tra systematically in agreement with the experimentalXANES, carried out with differeni\ (&) dependencies, var-
ones®~®as well the high accuracy of structural parametersed around the so-called universal curve for monatomic
for the first shell, obtained from EXAFS data analysis, usingcompound® did not significantly change the obtained fine
the calculated phase shifts and scattering amplittitles. structure of spectrum. Therefore, smooth energy dependen-
Within this method the value of interstitial potenti&l,r in cies for A(e) were chosen for the direct XANES calcula-
the photon energy scale, used as the beginning for the phdions so as to adjust the envelope of the experimental spec-
toelectron energy «) or wave number K), was obtained, trum.
combining the vacuum levelVL) positions E,,) on the To account for the thermal atomic motion and the struc-
experimental spectrum and in the generated HF MT potenture disorder in the studied compounds, every contribution
tial. As the result, the comparison of theoretical spectruminto XANES from photoelectron scattering on atomic chains
with the experimental one is performed under the coincidenA-S or A-F-S was multiplied by the Debye-WalleiDW)
values of their VL. TheE,, on the experimental XANES factor exp 202k?). The XANES calculations were per-
was obtained according to the prescription of Ref. 16 and théormed using the two different values of the DW parameter
Eur position on the photon energy scale was determineqo?): DW; for the first shel(oxygen polyhedron around the
then asEy1=Ey_—enr, Wheregyr is the VL position rela-  absorbing atomand DW, for the more distant shells and MS
tively to the MT zero. The value of the photon enerfy terms. The validity of this approximation for crystalline min-
which corresponds to the photoelectron enetgyas calcu- erals and glasses is justified via the direct calculations of
lated byE = E\;r+ &. The accuracy of the obtainét|,; were  their XANES spectra. These calculations show that under the
tested everywhere comparing the theoretical and experimerireasonable” values of the D\Wparameter the obtained fine
tal XANES in the photon energy scale through the agreemergtructures depend on the value of the ratio P\WW;,.
of the main peaks energy positions as well as by the value cfherefore, considering for the arbitrary units of experimental
correlation coefficient, obtained within the comparison. Inintensities, this result permits to choose the value ,DW
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XANES spectra of(a) K-alum (CN=6); (b) pyrophyllite (CN=6)
FIG. 1. Experimentalcurves } and theoreticalcurves 2 Al- and(c) diaspore(CN=6).

XANES SpECtra_Of(a) Al-metal (CN=12); (b) berlinite (CN=4) Refs. 14,15 and shows that the XANES of crystalline min-
and(c) AIN (CN=4).

erals composed of low-atoms are formed by the photoelec-

tron SS processes and the double and triple scattéki®)
=0.007 AZ? for the first shell in all crystalline minerals and processes on the approximately linear three-atom chains
diopside glass closely to the DWalues used for the com- originated at the absprbing atom, with the total_ pathway
plex oxides’® The choice of the DW values for crystalline ~ 1engthRy,q, not exceeding-18-20 A . The calculations re-
minerals will be discussed below in this section and forvealed the significant effect of theys(e) term on the fine

glasses in Sec. IV. structure of spectrum withim=<15-20 eV and show that
The experimental Al and Mg XANES for the reference the following features are formed mainly hg(e) and less
MRO

crystalline compounds Al metal, AIN and crystalline miner- by xds (¢) terms. The comparison of theoretical and ex-
als berlinite (AIPQ), K alum [KAI(SO,4),12H,0], pyro-  perimental spectra within the energy region up~t60 eV
phyllite [Al,Si;O1(OH),], diaspore &-AlIOOH), spinel shows that their overall agreement is obtained when the DW
(MgAl,O,4), pyrope (MgAISi;O15), and diopside parameter for the second and more distant shells exceeds by
(CaMgSy0Og) are presented in Figs. 1-3. The spectra of~7-8 times its value for the first shell (D)W Therefore
minerals exhibit the bright features at the energies the calculations were carried using the following DW param-
<20 eV above the absorption threshold and the followingeters: DW=0.007 A? and DW,=0.05 AZ. This ratio be-
wide and broadened peaks, which rapidly decrease with thieveen the DW parameters for the first and more distant
energy. The theoretical spectra, calculated through the prashells, obtained for the minerals, reflects the significant
posed approach are compared with the experimental ones gtructure disorder in them and is expected to be stronger for
the same Figs. 1-3. The comparison justifies the results aimorphous compounds and glasses, where the second and
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4. As can be seen, the two main peaks in|theR)| of xus.
except their small side lops at lowBrvalues, are separated
in R space from the first shell peak. Therefore, the back
Fourier transformation(BFT) procedure, applied to the
|F(R)| of the sumy$2+ xyvs, with the window function at
1310 1320 1330 1340 the first shell peak, permits one to extract I\k@ term from
this sum and to compare it with the initial theoretical one for
the studied reference compounds. The comparison permits
FIG. 3. Experimentalcurves ) and theoreticalcurves 2 Mg- one to conclude that the small side lops of MS signal under
XANES spectra ofa) spinel(CN=4); (b) diopside(CN=6) and(c) the first shell peak inF(R)| does not affect significantly the
pyrope(CN=8). accuracy of the Fourier filtration and hence can be ignored.
The revealed separation iR space for the Fourier peaks
especially more distant shells are poorly formed and can bwhich correspond to the termgd and yys becomes more
simulated under the large values of the DW paraméfers. distinct when the DW factors are taken into account, espe-
cially under the obtained ratio between the DW parameters
for the first and more distant shells in the studied minerals. In

[

Energy (eV)

IIl. THE FOURIER-FILTRATION OF XANES this case the affect of thgys term on the determine; and
IN CRYSTALLINE MINERALS AND THE ACCURACY N, within the Fourier-filtration procedure, can be neglected.
OF THE OBTAINED STRUCTURAL PARAMETERS At the same time the broad first shell peak |R(R)]

The revealed adequacy of the used XANES descriptioﬁve”aps the_R region for the second and some more distant
permits one to consider the experimental absorption cros3ells in spite of the strong enough separation between the

section of an atom in a compound as a sum of texé’bé(s), radii of the first and the second sheflig to~1 A). There-

YR 0) andyys(s), according to Eqil). The analysis of ISL%tiiﬁplying the BFT procedure to the(R)| of the total

corresponding theoretical terms for the structures of refer-
ence minerals in Ref. 15 and in the present paper shows that &)= vW(g)+ yMRO) (o) 4 e 2
the yus() is a high-frequency oscillated ter(d—5 oscilla- X(£)=xss(8)F X557 () ¥ Xus(e) @
tions within the energy intervat<30 eV), while the term  with the window function up te-4-5 A, one must expect
x&(e) is the low-oscillated one due to the small first shellthe extracted termy$d, distorted by the presence of the

radius R;~1.7-2.2 A . This frequency separation permits x2*%-term contribution in thisR region. In Ref. 15 the

one to apply the Fourier transformati¢fT) procedure to  procedure for exclusion of thelt*? affect on the extracted
theoretical termy$2(e) + xws(e) within the short XANESk x term is proposed for crystalline minerals with uncertain-
range: fromkyi,=1.35 tokma=2.8 A"1. The FT result of ties in the local atomic structure, arise from the ambiguity in
the term X(Sls)Jr Xwms, calculated with the DW parameter the diffraction data interpretation. The proposed procedure is
= 0 for berlinite and pyrophyllite structures, are presented irbased on the approximately continuous distribution of the
Fig. 4. The|F(R)| for both structures are characterized by second and more distant shell’'s radii in these compounds,
the presence of the broad first shell péag to ~4—-5 A)  which permits to reproduce theoretically tjq@gRo) term for

and the following structure, arises from thgs term. The them. This reproduction can be performed under the uncer-
last conclusion is justified by thé& (R)|, obtained via FT of tainties of ~0.3—-0.4 A in the values of the second and
corresponding theoreticalys terms only, also shown in Fig. more distant shell’s radii, using the unambiguous diffraction
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data on the cell unit parameters and the type of symmetry. Berlinite (AIPO,)
According to the prescription of Ref. 15 the subtraction of .
theoretically restored terr)a(s'\éRO) from the experimental ab- =
sorption cross section®®¢{e) by the rewritten Eq(1): 8

5]

X5+ xms= 0P oy — 1— Y S&R9) (3

permits one to extract the sup(gls)erMs from the experi-
mental XANES. The Fourier filtration of this function per- g
mits then to extract the first shell tergtX and to determine
the corresponding structure parametBisand N, applying 0.04
the fitting procedure to thgy. « (Ryd)
Simulations of the total theoretical function(¢) under I . . . . Y
the different values of the DW parameter for the second and § { o5 1.0 15 2.0 25
more distant shells (DY and the results of its Fourier fil- =
tration show that the affect of thela?® term on the ex-
tractedX(Slg rapidly decreases with the increasing of the pW ]
and becomes negligible when DV¢xceeds by=10 times R (A)
DW,—for the first shell. As will be shown in Sec. IV, such a e L L T T
ratio between the DWand DW, must be used for glasses to 8

simulate the poorly formed second and more distant shellsin & d

them. At the same time, for crystalline minerals which are :ﬁo.o—

characterized by the smaller difference between the, i .

DW, parametergSec. I) the termy %439 can be the source 1 k@AY

of inaccuracies in the determined valuesRafandN4, i.e., 1f5 2fo 2f5 310
applying the Fourier filtration to the total(k), the R; and S _

N, are determined with the errors up te2 and ~12% FIG. 5. The steps of the Fourier-filtration applied to the Al-
respectively. Therefore for crystalline minerals the termXANES of berlinite: (8) o®"*(e) and the obtainedry(e); (b)

(M (8)=0%"%(e)/oae) —1; (©) |F(R)|, the FT of y— x2279; (d)

XSSRO) is theoretically recovered using the diffraction dataX

on cell parameters and the type of symmetry and excludell® extracted first shell ter2(k), the result of BFT applied to
from o®P¢" according to Eq(3). The results of Ref. 15 jus-

(R)|.
tified by the simulations of§g™ term for the studied struc- | arieq parameters for the fitting procedure &g N, and
tures show that this recovery“can_be perfolrmed using t,h?—the parameter for the core hole energy width and the
second and further shell’s radii which can differ from the'rexperimental resolution account. The paramétes varied

diffraction values by not more then-0.2 A. In other \ithin the exponential form expf0.2625< 2R;I'/k) (Ref.
words, the accuracy @%, andN, determined by the Fourier- 24 anq the fitting is carried within the short range of the
filtration of the termy"**— x4 remains the same as that photoelectron wave numbekdrom 1.35 to 2.8 A~L. Within
obtained within the Fourier filtration of the teri¥§d  this k interval the DW factor for the first shell exp(2
+ xus. if the subtracted oscillation 8" is theoretically xDW,k?) remains = 0.9 under the value DW
recovered using the approximate values for the second and0.007 A2 used for the direct XANES calculations
further shells radii, known with the uncertainty of and therefore the same DWalue was taken and not varied.
<0.3-0.4 A Within the fitting the reduction facto85=1.0 is used for

The steps of the Fourier filtration applied to the experi-the affect of intrinsic losses on the local density of elec-
mental XANES of crystalline minerals berlinite and pyro- tron's states on the absorbing até™At the same time, the
phyllite with different coordination of the absorbing Al atom affect of the intrinsic losses on the amplitude of the
are illustrated in parts of Figs(&—(d) and Ga)—(d). In (@  |1s)—|ep) transition is automatically included in the atomic
of each figure the experimental absorption cross sectiofart of the absorption cross sectiog(e) extracted from the
o®P%(e) of the atom in the mineral is presented togetherexperimental cross sectiarP®®(¢). The photoelectron scat-
with the obtained functiomr,,(¢). (b) shows the total func-  tering amplitudes and phase shifts for the fitting procedure
tion x(e) extracted from ther®®*(e) by the rewritten Eq. were obtained within the same model of HF MT potenfial
(1): x(e)=0%P(e)/oa(e)— 1. (c) shows the result of the ysed for the direct XANES calculations of Sec. Il. As was
Fourier transformatiodF(R)| of the termy—x8&*%. The  mentioned there, th&,; values used as the beginning for
final step of the Fourier filtration, the first shell terx\’glg the wavenumbek, were determined for the studied com-
obtained through the BFT df(R)| with the window func-  pounds according to the HF MT potential generating proce-
tion at the first shell peak, is presented(th of the figures. dure and therefore were not varied.

The structural parameteR; andN; of the oxygen poly- The results of the fittingwith three varied parameteRy ,
hedron, which coordinates the absorbing Mg or Al atoms, aré\,, andI") applied to the extracted tergty are presented in
determined through the fitting of the extract,e@s) term. The  Table I, where theR, and N; of the oxygen polyhedrons,
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Pyrophillite (AL(Si,O,,)(OH),) tively, under the values of parametBrwithin ~1-2.5 eV
for all the reference compounds.

The structure parameteR; andN; presented in Table |
are obtained by the scattering amplitudes which need pre-
liminary information of Al-O and Mg-O distance®() used
for their calculation. In the studied crystalline minerals the
R, values for Al-O are changed by 0.18 from 1.74 A in
T T T 1 berlinite to 1.92 A in pyrophyllite and for Mg-O by 0.27
' ' ' ' from 1.92 A in spinel to 2.19 A in pyrope. Therefore the
b scattering amplitudes for the fit ofY were calculated for
od the averagedR; values 1.83 A for Al-O and 2.05 A for
Mg-O distances. At the same time, to reveal the effect of the
inaccuracies in the inpuR; values on the obtained param-
etersR; andNg, the following simulations were performed:
(i) the Y for berlinite was fitted by the scattering ampli-
tudes, obtained &R,;=1.92 A (as for pyrophylit¢ and (ii)
the X(Slg for pyrophyllite was fitted by the scattering ampli-
R (A) tudes obtained aR,;=1.74 A (as for berlinitd. The same

o(e) (arb.u.)

2(€)

IF(R)
[=}
3
-
<}
.
&)
N
(=}
N
w»

0.0 : .
~ T ' ' ' ' ' ' ' ' procedure was performed for Mg-O distances between spinel
= o 1 2 3 4 5 6 7 8 : )
= and pyrope. The results of these simulations show that under
= d the treated variations of the inp®; values, typical for the
0.0

wide row of the studied compounds, the errors in the deter-
minedR; andN; not exceed 1.5 and 5 %, respectively. How-

. , , ever, when th&r; values can differ strongly along the stud-
15 2.0 2.5 3.0 ied row of compounds, the effect dR; used for the
scattering amplitudes calculation, on the obtained structure
parameters must be studied additionally.

In general, the accuracy of the determinBgd and N,
depends also upon the choice of the beginning for the pho-
toelectron wave numbets—the argument of the scattering
amplitudes and phase shifts used for the fit. Within the HF

MT potential the values oEy,—the beginning fork, were

which coordinates the Mg and Al atoms in the studied referyatermined through the procedtfrevith the main points de-
ence crystalline minerals, are compared with the availablgjneq in Sec. I1. Nevertheless, to reveal the erroR,imnd

diffraction data. As can be seen the proposed Fourier fiItra,\Il which can arise from the ambiguities Ey,; determina-
tion of experimental XAN.ES and the foIIOW|n.g fitting Pro- tion. the compulsory shifts of the obtaindg,; values by
cedure of the extracted first shell term permit to determiney - ° _ ., 5 £ oy (more than the typical shift of-1 eV
the R; andN; for metallic atoms environment in crystalline bet\’\/c/Teen_th.dQedge energy positions for the four- and six-
minerals with inaccuracy to<1% and <3-5%, respec- o rdinated Al or Mg atoms in the compoundgere made.
_ ~ The fit of the corresponding two functiondX(k) obtained

TABLE |. Structural parameters for the first oxygen shell in under two different value€,~+—2.5 eV for the studied
crystalline minerals, determined from the diffraction data and by theminerals shows the iﬂCl’eaMSTe of errors Ry, and N,
proposed method applied to their XANES. determination—up to 3—4 and 10 %, respectively. This de-
crease of the accuracy justifies the importance of the efforts

FIG. 6. The steps of the Fourier filtration applied to the Al-
XANES of pyrophyllite: (a) o®***{¢) and the obtained ,(&); (b)
X(£)=0""(s)loa() = 1; () [F(R)| the FT of y—x£5°%; (d)
the extracted first shell termiZ(k), the result of BFT applied to
IF(R)I.

Compound Source Ri A N to propose the approaches which permit one to exclude the
Berlinite diffraction (Ref. 26 1.74 4 Eut from the number of fitting parameters for compounds
(AIPQ,) Al-XANES 1.74 3.9 with arbitrary chemical composition.

Pyrophyllite diffraction(Ref. 27 1.91 6

[D/?!:Si'(‘;%(’(OH)Z] diﬁ:i';?:::esf. 2 12? 661 IV. DETERMINATION OF LOCAL STRUCTURE

(«— AIOOH) ALXANES 190 61 PARAMETERS IN DIOPSIDE GLASS

Spinel diffraction(Ref. 29 1.92 4 In diopside glass (CaO-MgO-2Sjpthe structure param-
(MgAl,0,) Mg-XANES 1.93 3.9 etersR; and N, for the oxygen-polyhedron which coordi-
Diopside diffraction(Ref. 30 2.07 6 nates the Mg atom are unknown. The comparison of Mg
(CaMgSi0g) Mg-XANES 2.05 5.8 XANES in diopside glass with the Mg XANES in its crys-
Pyrope diffraction(Ref. 31) 2.19 8 talline equivalent diopside (CaMg®d) presented in Ref. 9
(Mg3AISiz0;) Mg-XANES 217 7.9 shows that the glass spectrum retains all the main features of

the crystal's spectrum, which are, however, strongly broad-
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Diopside - glass fitting with the three varied parameter®,(, N;, andT’) of
the extracted first shell term(sls)(k) permits one to obtain the
Mg-O distanceR; =2.12 A withN,=4.8 oxygen neighbors
around the absorbing Mg atom. This result is in agreement
with molecular dynamics calculatioftsvhich predict mainly
four- and five-coordinated Mg in a MgSijlass and with
the estimations of Ref. 9 which indicate that Mg atoms in
diopside glass are five-coordinated to oxygen atoms. At the
same time, the obtainedR; differ from the value R;
=2.01 A derived from the poorly formed EXAFS of diop-
side glass. The performed quantitative determination of lo-
cal structural parameters using the Mg XANES spectra of
¢ (Ryd) diopside crystal and glass reveals hence the increase of the
0.5 1.0 1.5 2.0 25 Mg-O distance from 2.07 A in crystal to 2.12 A in glass and
finds the coordination number of Mg to be different in glass
c (CN=5) and in crystall[CN=6).

o(e) (arb. units)

(&)
T

IF(R)I

2 4 6 V. SUMMARY AND CONCLUSIONS

The proposed method for quantitative determination of
structural parameters by XANES and the obtained results
can be summarized as follows.

(i) The XANES of atom in crystalline minerals which
consist of lowZ atoms £=<20) can be expanded in the sum
of three terms: the photoelectron single scattering on the first

FIG. 7. The steps of the Fourier filtration applied to the Mg- shell ()((Sls)) the single scattering on the more distant shells
XANES of diopside glass(a) o®"*() and the obtainedra(e);  (x94R9)), and the MS processegs) on approximately lin-

(b) x(e)=0"Pe)loale)—1; () [F(R)], the FT of x; (d) the  ear three-atoms chains, originated at the absorbing atom.
extracted first shell terny§d(k), the result of BFT applied to (i) The Fourier filtration of experimental XANES, per-
[F(R)I. formed for the short range of photoelectron’s wave numbers
k from 1.35 to 2.8 A%, permits one to extract the first shell
ened. This broadening of XANES features between the glasierm x$2(k) distorted for crystalline minerals by the effect
and crystalline phases was also revealed in Ref. 32 for Tiof the x{&%? term within the first shell's Fourier peak. This
containing compounds and is induced by the structural disdistortion can appear to be the source of inaccuracies in the
order for the poorly formed second and especially more disdetermined values of interatomic distanégsand coordina-
tant shells in glasses. As was mentioned in Sec. Il, the effedion numbersN;.
of structural disorder on XANES can be accounted through (i) The preliminary subtraction of the tergfa ), theo-
the Debye-Waller-like damping, using the form ex® retically recovered according to the prescription of Ref. 15,
x DWK?) with the large values of the DW parameters for thefrom the experimental of crystalline minerals before its
second and more distant shells, PWIrhe simulations of Fourier filtration, permits one to increase the accuracy of the
XANES for the studied crystalline minerals with the varied obtained structural parameteRs andNj.
DW, values for these shells and the fixed value of the,DW  (iv) For the studied reference minerals the interatomic dis-
parameter for the first shell, reveal that the glasslike XANESanceR; and coordination numbeM, for the first shell, ob-
structure is obtained under the ratio YDW;=15. At the  tained through the fittingwith three varied parametef?; ,
same time the Fourier filtration of the theoretical XANES N,, andT') of the term y{2(k) within the short XANES
and the values of the paramet&gandN; determined by it, range of photoelectron wave numbers, are determined with

show that beginning from the ratio DVYWDW, =10 (see Sec. inaccuracy to<1% for R, and <3-5% for N, under the
llI'), the single scattering on the second and more distantalues ofl" within ~1—-2.5 eV.
shells—the termy%R9) in y(e)—weakly affect the obtained ~ (v) The experimentally observed broadening of the
R; and N; values. Therefore one can conclude that theXANES features for glass compared to that for the related
Fourier-filtration procedure can be applied directly to thecrystal can be described through the DW-like damping in the
XANES spectrum of amorphous compound providing theform exp(—2xDWk?) under the following ratio between
accurateR; andN; values, without the preliminary subtrac- the DW parameters for the first shell (OYand for the
tion of the X(S“QRO) term from experimentay(e) as for crys-  poorly formed more distant shells and MS processes {§PW
talline ones. DW,/DW,;=15.

The steps of the Fourier filtration of Mg XANES spec-  (vi) The simulations of XANES for the reference crystal-

trum in diopside glass are presented in Fig®)#7(d). The line minerals revealed that under these values of the

&)
[=)
[« B

k(A"

15 2.0 2.5
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DW,/DW,; ratio, the effect ofy{4%°) term on the deter- lent diopside revealed the increase of Mg-O distance from
minedR; andN; becomes negligible and hence the Fourier-2.07 A in crystal to 2.12 A in glass and found the coordina-
filtration procedure can be applied directly to XANES of tion number of Mg to be different in glag€N=5) and in
glass, providing the accurate values of its local structuratrystal(CN=6).
parameters.

(vii) the application of the proposed method to Mg This work was supported by Russian Foundation for Ba-

XANES spectra in diopside glass and its crystalline equivasic ResearciRFBR) Grant No. 01-02-17013.
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