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Abstract. The method for quantitative determination of interatomic distances and coordination
numbers (CN) from experimental K-XANES of light metallic atoms in crystalline compounds
with distorted local structure is proposed, based on the extraction of the first shell term and the
multiple-scattering term. In crystalline minerals the extraction of these terms can be obtained
under uncertainties 6£0.3-0.4 A in the values of the second and more distant shell radii, using the
unambiguous diffraction data on cell unit parameters and the type of point symmetry. The fitting
of the extracted first shell term by theoretical terms, generated within alternative models for the
split of this shell under the local structure distortions in the environment of the absorbing metallic
atom, permits one to obtain the interatomic distances and CN in reasonable quantitative agreement
with the diffraction data for the reference compounds studied.

1. Introduction

During the last few years, x-ray absorption spectroscopy (XAS) has been extensively used for
local structure determinationin disordered systems. Itwasrevealed[1, 2] thatinterpretation and
analysis of the absorption spectrafine structure (XAFS) appears to be the mostreliable approach
for identifying the local structure distortions, when the traditional diffraction methods are not
sensitive to short-range structure, or can give only the values of averaged atomic positions
in the lattice. However, the unknown structure parameters—interatomic distaticéso(d

angles and coordination numbers (CN) are usually extracted from the extended fine structure
of the spectrum (EXAFS), while the near-edge region (XANES), which is very sensitive to
the type of absorbing atom coordination [3, 4] and contains much more structure information,
is used for qualitative analysis only. The main reasons for these limitations were discussed in
[5] and arise from the application of the widely available full multiple-scattering approach to
XANES description [6-9]. This approach permits one to reproduce the spectrum features in
agreement with the experiment for atomic systems with an exactly known structure, when the
atom positions are unambiguously determined by diffraction methods, but appearto be of no use
to solve the inverted problem—quantitative determination of local structure parameters, when
the uncertainty in the diffraction data interpretation takes place or these data are unavailable.
In this case, the structure information could be obtained from EXAFS. However, EXAFS-
oscillations often cannot be experimentally obtained due to either measurement conditions, or
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the nature of the compounds studied. Therefore, for such compounds, the XANES spectra are
the most widely available source of information on their local atomic structure.

As was discussed in [5], the inverted problem solution—determination of local structure
parameters by XANES—can be obtained using the description of the approach to XANES,
based on the treatment of photoelectron single-scattering (SS) on two-atom chains A-S
(A—absorbing, S—environment atoms) and low-angle double- (DS) and triple-scattering
(TS) processes on approximately linear three-atom chains A-F-S (F—intermediate atom),
originated at the absorbing atom A. The validity of this EXAFS-like approach to the XANES
description was justified in [5] by Al K-XANES spectra calculations in a number of Al
containing minerals with distorted structure and different coordination of the absorbing Al-
atom. In the present paper, the approach and the generated XAFS and SELCOMP codes
[5] are applied to describe Mg K-XANES in minerals with different CN of Mg (section 2):
spinel (MgALQ,, with fourfold coordinated Mg) and pyrope (M8ISisO12, with eightfold
coordinated Mg). The agreement of the theoretical Aland Mg K-XANES with the experimental
results, justifies the validity of the EXAFS-like approach to describe these spectra for a wide
number of minerals which consist of light atoms. This permits us to propose a method for CN
and interatomic distances determination in crystalline compounds with local distortions, when
uncertainties in the diffraction data interpretation occur. A description of the method, based on
the extraction of the first shell term from experimental XANES of the compound, is given in
section 3 and 4 using the following reference minerals with known atomic structures, analysed
in [5]: berlinite (AIPOy, with fourfold coordinated Al) and pyrophyllite (A{SizO10) (OH),,
with sixfold coordinated Al). For these compounds, the contribution into XANES from the
oxygen atoms, nearest to the absorbing Al-atom (split O-tetrahedron in berlinite and split O-
octahedron in pyrophylite), is extracted from the experimental Al K-XANES spectrum. The
fitting procedure, described in section 5, permits one to obtain the corresponding distances and
CN, which characterize the split, in quantitative agreement with the diffraction data available.

The significance of the proposed method can be traced, on the one hand, from atomic
position determination in crystalline compounds with local disorder, when the diffraction
methods give reliable values of cell parameters and the type of point symmetry. At the
same time, however, there are ambiguities in the atomic positions in the unit and, as a result,
uncertainty in the radial distribution of the atoms in the vicinity of the absorbing atom. This
problem is now solved for AB@crystals, when the small atomic displacements from the
symmetric positions are determined and the results obtained by this method are additional to
those obtained by EXAFS [10]. On the other hand, the main points of the proposed method
(except to restore the SS contribution from the second and more distant shells) can be retained
and are used now within the proposed method for quantitative determination of local structure
parameters in amorphous compounds which consist of light atoms. For these compounds only
qualitative analysis is possible now, comparing their XANES features with the similar features
of the reference compounds.

2. The method of spectra calculation and Mg K-XANES in pyrope and spinel within the
EXAFS-like approach

The experimental Mg K-XANES spectra in pyrope (CN 8) and spinel (CN= 4) are
characterized by significant differences in the light features at low energies [11]. The diffraction
data available [12, 13] permit one to reproduce the atomic structure of the absorbing Mg-
atom environment and to carry out diredi initio calculations of the spectra. The obtained
theoretical Mg K-XANES of pyrope and spinel are compared with the experimental spectra
in figure 1. The presented spectra were calculated according to the approach proposed in [5],
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Figure 1. Experimental (curves 1) and theoretical (curves 2) Mg K-XANES spectra of (a) pyrope
(CN = 8) and (b) spinel (CN= 4). Curve 3 in (a) corresponds to the SS-approximation.

using the expression for the absorption cross-section of an atom in the compound:

o(e) = o4 (e)[1 + x(e)] 1)
whereg is the photoelectron energy initiated from the interstitial potential, known as the muffin-
tin (MT) zero, i.e.e = E — Eyr. 04(¢) is the factorized part of the absorption cross-section,
contains the matrix element for 1s-photoionizatief{1gV|e p)|? and the contribution of the
accompanied intrinsic processes within the absorbing atom x Tdds the total contribution
into o (¢) from the photoelectron scattering processes on environment atoms, determined by
the expression:

)4
X(&) = xss(&) + Y x5 (&) + x5 (&)] = xss(e) + xus(e) 2

i=1
where xss(e) is the contribution of the SS processes on two-atom chaigi¥e), x5’ (e)
are, respectively, the double- and triple-scattering termétloichain A—-F-Sp is the total
number of these chains, chosen under the empirical selection rule, which consists, of
the angle parameter of chaing,(;,, = 1.0 for linear chains) an®,,,,, the maximum value
of the scattering pathway length in the compound [5]. The selection rule is obtained for
every structure studied through the fitting of an experimental spectrum using a theoretical
one, carried out using the SELCOMP code. The values obtained for the parameters are:
Ryax = 166 A, A,,;, = 0.92 for pyrope andR,,.x = 133 A, A,,;, = 0.97 for spinel, i.e.,
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the approximately linear chains within the clusters with raljj.. /2 must be considered for
XANES calculations. The expressions fggs, x2 and x3, obtained through the spherical
wave formalism, can be found in [14] and are realized in the XAFS code. In the following, the
sum of the termgz(¢) andxs(e) in equation (2) is noted as a multiple-scattering (MS) term,
Xms(&).

The phase shifts for photoelectron scattering on atoms in the compounds studied were
calculated using the method of Hartree—Fock (HF) MT-potential generation [15,16]. This
method permits one to obtain theoretical XANES and EXAFS spectra systematically, in
agreement with the experimental spectra [2,14-16]. With the help of this method, high
accuracy for structure parameters of the first shell in metals is obtained from EXAFS data
analysis, using the calculated phase shifts and scattering amplitudes [17]. The advantages of
the HF MT-potential model used, compared to other models, are: (a) the simplicity of the
potential generating procedure, which provides the energy independent interstitial potential
value E 7, used as the initial photoelectron energy or wave number instead of the traditional
adjustable parametéfy; (b) it does not need any preliminary knowledge of the nearest shell
distances or coordination numbers; (c) if necessary, the charges of the atoms in the compound
can easily be included within this model [18].

The MT approximation normally used, as well as accounting for multielectron
excitations—intrinsic losses by the undetermined energy-dependent reductionS&etor
[19]—make the theoretical functian,, (¢), obtained through the direab initio calculations
in the near edge energy region, unreliable. Therefetg(e) was obtained from the
experimental XANES spectrum of the compound studied by the developed procedure [20].
This was based on the smearing ®7¢"(¢) under large, nonphysical values of core
hole energy widthl" and then the recovery af, (¢) under thisT" value. The accuracy
of the proposed procedure was tested for different reference minerals, consisting of light
atoms, by comparing their theoretical XANES with the experimental results. oJlie)
obtained are used in the following (section 4) to extract the first shell term from the
experimental XANES. The photoelectron extrinsic losses were taken into account through
the traditional exponential form exp R/A(¢)). The photoelectron mean free path length
A(e) is usually not known exactly, especially for the near edge region of the spectrum.
However, the model XANES calculations, carried out with differ@t) dependencies,
varied around the so-called universal curve for monatomic compounds [21] and did not
significantly change the spectrum fine structure obtained. Therefore, the smooth energy
dependencies fot(e) were chosen so as to adjust the envelope of the experimental spectrum.
XANES calculations were performed using the approximation for the Debye—Waller (DW)
factor, exg—202k?) ~ 1.0, suitable within the short range of small XANES energies
from ¢ = 0.5 to 2.2 Ryd above the MT zero or correspondingalues from 1.35 to
2.7 A~1, when the DW factor remains0.9 under variations in the DW parameter2up
to ~0.15 A2,

The agreement obtained with the experimental spectra for Mg K-XANES is presented
in figure 1, as well as the Al K-XANES in a wide range of minerals [5], calculated
by the method described above. This justifies the adequacy of XANES interpretation in
compounds, consisting of light atoms, as a sum of SS and low-angle MS-processes on two-
and approximately linear three-atom chains, originated at the absorbing atom, i.e., within the
EXAFS-like approach. As a result, in the following, a procedure for structure parameters
determination, similar to that used for EXAFS, is proposed for XANES of crystalline
compounds with local structure distortions, based on the proposed method, which permits
one to overcome the difficulties in the Fourier-analysisy@f) functions within the short
XANES k range.
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3. Description of photoelectron SS processes on the second and more distant shells in
distorted crystalline structures

The quantitative determination of local structure parameters by XAFS can be performed if the
EXAFS region of the spectrum is available. In this case, the Fourier-transformation (FT) of
x (k) in the widek range, fromk,,;, ~ 3 t0 k.. ~ 12—14 A1, results in| F (R)| with narrow

peaks, which correspond to the shells in the environment of the absorbing atom. Moreover, the
first shell peak is usually well separated from the peaks of the second and more distant shells,
so its fitting permits one to obtain precise values of corresponding structure parameters. The
problem becomes complicated for crystalline and amorphous compounds, which consist of
light atoms ¢ < 20), because, as was mentioned above, EXAFS oscillations often cannot be
observed and only the XANES spectrumis available. Calculations for the reference compounds
show that in this case the(k) can also be extracted from the experimental XANES, according

to (1), using the obtained,;,. However, the?' T of x (k) within the short XANES range, from

kmin = 1.35 t0k,u0r = 2.7 A1, results in the broad first shell peak (upt& A, section 4),

which overlaps the region of the radii for the second and more distant shells. Atthe same time,
the calculations performed revealed that the peaks{®)|, arising from the MS processes,

are located aR > 6-7 A due to the long pathway length and hence, are well separated from
the first shell peak. Therefore, if for the compound studied one can theoretically restore the
contribution of the photoelectron SS processes on the second and more distant shells (long-
range order termy f?) and extract it fromy (k), then the sum of the low-frequency first
shell term Q((l)) and the high-frequency MS terny ), i.e. the functlonxéfg) + xwms, can be
obtained from the experimental XANES. As a result, tA¢R)| of this sum contains the first

shell peak and MS peaks, separate®ispace. So the back Fourier transformation (BFT) of

the F(R), performed with corresponding window functions, permits one to obtain the terms
Xé? and x5 separately and to apply the fitting procedure(@(k) within the short range
treated (sections 4 and 5). In this section, the theoretical restoration gf:ffftterm in a
crystalline compound, and with uncertainties in the values of the shell radii which arise from
the diffraction data analysis, is proposed. This is illustrated using the reference compounds of
berlinite and pyrophyllite [5] with different coordination of the absorbing Al-atom.

The calculations of Al K-XANES [5] and Mg K-XANES spectra in section 2 revealed the

importance of accounting for the scattering processes on far atomic shells in the compounds
studied. For example, the values of the cluster radii, which must be taken for berlinite
and pyrophyllite, are 8.5 and 9.1 A, respectively. Analysing the distribution of the shell
radii R; (j is the shell's number) for the structures studied, one can find the approximate
|nf|n|t|ve distribution of theR; values, beginning from the second or more distant shells.
At the same time, the dlfference between the first and the second shells may be more than
1 A. In distorted systems, the CN for these shells can decrease by up to 2 or even 1 atom
and therefore the number of shells within the chosen cluster rapidly increases up to several
thousands.

In this case one can assume that the SS contribution into XANES from the second and
more distant shells (LRO term) can be theoretically reproduced without accurate data on the
values of each shell radiug;—the distance between thigh shell atoms and the absorbing
atom. To prove this assumpt|on the shells in the structures studied were grouped according
to the types of atoms in them, witR; increasing. As a result, the structure studied can be
represented by the number of atomic groups obtained, andittaghoup contains the shells
of only one atom type (for example, O- or Al-atoms), with radii withiRy) + A;/2, where
(R;) is the averaged radius of the shells in tlie group andA; /2 is the maximum value of
the shell radius deviation frofR;). Theith group SS contrlbutloq(’)(s) into XANES is
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Figure 2. (a) X;’S)(s) for the group of 12 oxygen shells: solid curve—calculation by (3) for 12
shells with radii from 7.74 to 8.35 A = 0.6 A); dashed curve—two-atom chain contributb@ﬁ)

(e, (R;) = 8.1 A). (b), (c) xss(e) from the second and more distant shells calculated exactly (full
curves) and by the model of atomic groups, formed urder 0.6 A (dashed curves), for berlinite

(b) and pyrophyllite (c) structures. (d) Correlation coefficient between the exact and approximately
calculatedyss (¢) terms as a function of for berlinite, (full curve) and pyrophyllite (dashed curve).

determined by the expression:

Jmax

X9 = Y xs8 e R)) €)

J=Jmin

wherej,.;, andj,... are the lower and the upper numbers of the shells included itttlgeoup.

The A; may differ for different groups and their values can be obtained via direct model SS
calculations for the types of structures studied. The main problem here is finding the same
A value for all groups of atoms, which provides the reproduction exactly calculated by (3)
of everyith group SS contributioag’s)(s) into XANES, by the single two-atom chain term

Xg; (e, (R;))—the contribution of the SS processes on two-atom chain A—S (A—absorbing
atom, S—atom of the same type as in itie group) with the distancér;) between A and
S. The SS calculations carried out for the structures studied, revealed the reproduction of

xéig(e) by ng) (g, (R;)) when atomic shells are grouped under thealue of not more then

0.6 A. In figure 2(a) the comparison g 2(8) calculated by (3) for the group of 12 oxygen
shells with radii from 7.74 to 8.35 AX = 0.6 A) in the berlinite structure is compared
with x;’s)(e, (R;) = 8.1 A). A disagreement between the curves, revealed for one atomic
group, becomes negligible if we compare the resulting SS contribution from the second and
more distant shells, calculated exactly, with the same SS contribution obtained by the model

considered for atomic groups, formed under= 0.6 A. The corresponding curves for the
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Figure 3. The values of the correlation coefficient for different atomic groupshe number of
the group) in berlinite (a) and pyrophyllite (b) structures as a functiah) tife uncertainty in the
value of theith atomic group radiuér; ).

berlinite and pyrophylite structures, are presented in figures 2(b) and (c) and the quantitative
agreement of thg functions compared is justified by the value of the correlation coefficient
(C), presented in figure 2(d) as a function®f The results obtained remain stable when the
different atomic groups in the structure are partly overlapped.

The proposed simplified description of the SS contribution of second and more distant
shells into XANES may in itself be important for spectra interpretation. However, the main
result obtained is that the long-range order SS terms in the structures studied can be reproduced
under the uncertainties;, in the (R;) values. To find the ultimate values féy, the radius
of each atomic group in the structure was varied within the raggst A;/2 and thexé‘s)
functions, calculated for the chosen radii of the group, were compared wibhé@he, (R;)).

The comparison was carried out using the value of the correlation coeffi€ibatween the
compared functions. Th€ values for different groups of atoms in berlinite and pyrophylite
structures are presented in figure 3 as functions/gf As can be seen, the high values

(>0.9) for all groups of atoms remain up éo~ 0.3-04 A and hence, the same uncertainties

in the values of each shell radids are allowable to describe the second and more distant
shell contributions (LRO term) into XANES. The result obtained is justified via simulations of
the LRO term under direct variations in the shell radii in minerals with different types of point
symmetry and CN of the absorbing atom (berlinite, pyrophyllite and pyrope structures), and
therefore can be expected to be valid for a wide number of related compounds which consist
of light atoms.

The uncertaintie$ in the values of the shell radii arise from the uncertainties in the
atomic positions in the cell unit and they are of the same order, being connected by simple
expression. Therefore, one can conclude that the ultimate values of uncertintibs shell
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radii, when the second and more distant shell SS contributions into XANES can be reproduced
without exact diffraction data on the atomic positions in the unit, appear te0d@-04 A in

the compounds studied. The radial distribution of atoms in the absorbing atom environment,

necessary for SS calculations of the LRO term, can be generated then by, for example, the
SEXIE code [22], using the unambiguous diffraction data on the cell parameters and the type
of point symmetry.

4. Extraction of the first shell term and MS term from experimental XANES

The calculations of Al and Mg K-XANES in minerals [5, 25] as well as the Mg K-XANES

in pyrope and spinel, presented in section 2, revealed the significant effect of photoelectron
MS-processes on the spectra fine structure in the energy regiornl5-20 eV, above the
absorption threshold. Within the developed method these MS terms can be extracted from the
experimental XANES together with the first shell term. The procedure for the first shell term
(Xé?) and the MS termx,, s) extraction from experimental XANES (as well as from EXAFS)
spectra can be proposed using the results of section 3 on accounting for SS processes from the
second and more distant shelig{“ term) in a crystalline compound with partial information

on its atomic structure. To illustrate this procedure, expression (2) @ormust be rewritten

as:

X () = xg5 () + X550 (&) + xus(e). 4
If the term x &€ (¢) can be obtained theoretically, according to the proposals in section 3,

then the suny ;? (e) + xus(e) can be extracted from the experimental absorption cross-section
o “*P¢ () by the following equation, obtained from (1) and (4):

x(8) + xus(e) = 0P (6) /ou(e) — L — xERO(e). (5)

The analysis of corresponding theoretical terms on the left side of (5), carried out through
direct calculations for the studied reference structures, revealeghiét) is a high-frequency
oscillated term (4-5 oscillations within the energy intervat 30 eV), while the term(;ls) (&)

is low-oscillated, because of the small first shell radtys This frequency separation of terms

on the left side of (5) permits one to apply the FT procedure to the fung@ﬂg) + xus(8),
extracted by (5) from the experimental Al K-XANES within the small XANES energies or
corresponding: range fromk,,;, = 1.35 t0k,.. = 2.7 A~1. The FT results|F (R)|, of the
functionsxéls) (&) + xus(e) for berlinite and pyrophyllite are presented in figure 4. As can be
seen, thg F(R)| for both berlinite and pyrophylite are characterized by the presence of the
broad first shell peak and the resulting structure arises fromikderm. The last conclusion

is justified by the structure gfF(R)|, obtained via the FT of the corresponding theoretical
xus terms only, also shown in figure 4. As can be seen, the two main peaks iR tRg)|

of xus, except for their small side lops at lowRrvalues, are separated Rispace from the

first shell peak. Therefore, the BFT procedure, applied tg )| of the sumxgls) + Xms,

with window function at these two main MS peaks, permits one to extracj theterm

and to compare it with the corresponding theoretical term, directly simulated for the treated
reference compounds. This comparison, performed for berlinite and pyrophyllite structures
and presented in figure 5, shows the agreement of theterm, extracted by BFT, with the
simulated terms. The results obtained permit one: (1) to conclude that the small side lops of
the MS signal under the first shell peak i(R)| does not significantly affect the accuracy of

the Fourier analysis and hence can be ignored; (2) to propose the corresponding procedure for
the x5 term extraction from experimental XANES. The validity of this procedure for a wide
number of light atom compounds is justified by the model calculations for different reference
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Figure 6. The contributionxgls)(a) into Al K-XANES from the oxygen atoms, nearest to the
absorbing the Al-atom: calculated exactly, using the diffraction data on interatomic distances and

CN (full curves) and obtained froF (R)| of the functionxé? + xms, extracted using (5) from
experimental Al K-XANES (dashed curves), for berlinite (a) and pyrophyllite (b).

structures [5] and is based on the results, which prove thatiheéerms in these structures are
formed under approximately the same ‘selection rules’ for three-atom chains, to be considered
for XANES calculations.

The revealed separation of the first shell peak and the MS peaks i#t#®| of the
sum Xgls) + xums, obtained by (5) from experimental XANES, permits one to also extract the

Xglg term. The extraction was performed by applying the BFT proceduté& (®)| of the

xS + xus within the first shellR range. In figure 6 the extracted? (¢) terms for berlinite
(CN = 4) and pyrophyllite (CN= 6) are compared with the theoretical terms, calculated
using the diffraction data for the corresponding first shell distances and CN.

5. Determination of interatomic distances and CN

In figure 6(a) the functiorxéls) (¢), extracted from the experimental Al K-XANES in berlinite,

is compared with the corresponding theoretical function, calculated as a sum of two terms:
X;é’l) + Xél’), according to the split of the oxygen tetrahedron in berlinite into two subshells
with radii Ry, ; and CNNy ; (j is the number of the subshell): first subshell, { = 1.732 A

with N1 1 = 2 atoms, and second subshdl,, = 1.745 A with N1, = 2 atoms [23]. The
same comparison for a pyrophyllite structure, presented in figure 6(b), is carried out with the
theoretical functiory {} (¢) calculated as a sum of three termgs " + x {v” + x4, according

to the split of the oxygen octahedron into three subsheftis; = 1.888 A with Ny; = 2

atoms,R; > = 1.921 A with Ny, = 2 atoms andRy ; = 1.926 A with Ny ; = 2 atoms [24].
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Table 1. Structure parameters for the first oxygen shell in berlinite and pyrophyllite, obtained from
diffraction data and by the proposed method, applied to Al K-XANES.

Berlinite (CN = 4) Pyrophyllite (CN= 6)

Diffraction [23] Al K-XANES  Diffraction [24] Al K-XANES

Ri1(A) 1732 1.740 1.888 1.841
Ni1 2 4 2 2
Ri2(A) 1745 1.921 1.972
Ni2 2 2 4
Ri3 (A) 1.926
Ni3 2
The function x (Y (¢), extracted from the experimental XANES, can now be used to

determine the values d@t, ; and N ; through the fitting procedure with variable parameters
R1; and Ny ;. The other parameters usually varied &g I" and the DW parameteroZ.

Within the method of HF MT-potential generation [15], the paraméigris not needed

and the photoelectron energies or wave numbers are initiated from the constant interstitial
potential Eyr. The parametel” for extrinsic losses is also not used, since these losses
were considered more appropriate for XANES description, exponential fora-&fi(¢)),

and as was mentioned in section 2, i{e) was chosen according to [5] via direct XANES
calculations. The DW parameter is known to be strongly correlated with CN when the fitting
of EXAFS is performed. At the same time, according to the approximation discussed in
section 2, the experimental Al K-XANES spectra of berlinite and pyrophyllite were described
in [5] within the short range of small XANES energies, under the DW parametes20, and
therefore the fitting was performed using the same fixed value. However, the effect of thermal
atomic motion on XANES, which rapidly increases with increasing energy, as well as the
correlation problem betweem2 and CN within the fitting procedure, are under consideration.

To illustrate the possibilities and the accuracy of the fitting procedure within the short
k range considered, it was applied to the theoretical func;ti@ﬁ) of berlinite. The values
obtained ofRy ; = 1.732 A andN, 1 = 2 appeared to be the same as their diffraction values,
used for tha(%’l) calculation. The fitting was performed with the central Al-phase shift and
the phase shifts and scattering amplitudes on the nearest O-atoms, calculated using the HF
MT-potential model for the compounds studied [5].

The results of the fitting, applied t}@;ls) functions, extracted from the experimental Al
K-XANES of berlinite and pyrophyllite, are presented in table 1. The photoelectron phase
shifts and scattering amplitudes on the O-atoms were taken to be the same for all the subshells
within each fitting model, which represents the split of the first oxygen shell in the compounds
studied.

As can be seen in table 1, the small split valu®.01 A) between the first and the second
subshells in berlinite, as well as between the second and the third subshells in the pyrophyllite
structures, cannot be distinguished by the fitting code used. For berlinite, this code gives the
average value foR; 1 and Ry » distances together with the tot&l = Ny 1 + N1» = 4 and
for pyrophyllite, the second and the third subshells are identified as one subshell at 1.972 A
with the correct total number of atomas 4. At the same time, a larger split value@.03 A)
between the first and the second subshells in pyrophyllite is reproduced. It must be emphasized
that the values obtained f@; ; andN, ;, presented in the table, are stable under the variations
of their initial or starting values, used for the fitting procedure. For example, the pyrophyllite
structure parameters presented in the table can be obtained starting from two different data
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sets: (a)Rl,l =17 A, Ni1 = 3, Rip = 2.1 A, Nio = 2 and (b)Rl,l =17 A, Ny = 2,
Ri» = 2.1 A, N1, = 3. At the same time, the parameters for the berlinite structure can be
obtained starting from botR, = 1.4 A, Ny = 2 orR; = 2.1 A, N; = 6 atoms.

6. Summary and conclusions

The results obtained can be summarized in the form of the method for quantitative determination
of interatomic distances and CN from experimental K-XANES in crystalline minerals with a
distorted local environment of light metallic atoms, based on the following points:

(a) In Al- and Mg-containing minerals, the contribution into the K-XANES spectrum from
the photoelectron single-scattering processes on the second and more distant shells (LRO
term, x LX9 1 (e)) can be theoretically reproduced with discrepancies@B8-04 A in the
values of the shell radii, using the unambiguous diffraction data on cell unit parameters
and the type of point symmetry.

(b) Subtracting the theoretically restored teggd© from the experimental absorption cross-
sectiono “*7¢" (¢), according to equation (5), one can extract the sum of the first shell term

x<2 and the MS ternyys, i.e., the functiony (¥ (e) + xus(e).

(c) The Fourier transformation o{fgls)(s) + xums(e) and the application in series of the BFT
procedure with window function to thé” (R)| obtained, permits one to extract the term
xms(e) and the first shell termgls) (e) from experimental XANES.

(d) Fitting of the extracted terméls) (e) by the theoretical terms, simulated within alternative

models of the first oxygen shell split under the structure distortions in the environment of
the absorbing atom, permits one to obtain the interatomic distances and CN in reasonable
guantitative agreement with the diffraction data for the reference compounds.

Further development of the proposed method would be its application to determine the
interatomic distances and CN for the light metallic atom environment in gels, glasses and
amorphous minerals, when the local structure of this environment is difficult to assess by
conventional diffraction methods. In these compounds, the second and more distant shells
especially are poorly formed due to the structure disorder. So the main problem under
consideration is the theoretical recovery of & term in equation (5) for these compounds,
which is necessary to extract the functipﬁ) (&) + xms from the experimental XANES.
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