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Abstract

The structure of ternary Ag—As-Se chalcogenide glasses (Ag,Se) (AsSe),_,, where x = 0.27, 0.39 and 0.54, have been
studied by X-ray diffraction radial distribution function analysis. The average coordination number increases from 2.5 + 0.1
to 3.5 + 0.1 with increasing Ag content, accompanied by a decrease of the medium-range order on the 3—8 A scale. Using
the experimentally determined structure factors, the first three-dimensional models of the structure of Ag—As—Se glasses are
constructed by the reverse Monte Carlo (RMC) method. The RMC simulations indicate that the Ag—Se coordination number
is 2.5 + 0.2 in the whole compositional range studied. On the contrary, the average coordination number of Se increases
from about 2.8 to 4.0 with increasing Ag content. First estimate of the As—As coordination number, n4s= 0.6, in
Ag-As—Se glasses is made. With increasing silver content the structure changes from a network of molecular-like units
(AsSe; and AgSe, pyramids and AgSe, tetrahedra) connected via —Ag—Se—Ag— and —As—Se—As— chain-like elements to
overcoordinated three-dimensional cluster-type structure.

1. Introduction substitution method in neutron diffraction [5,6] and

X-ray diffraction radial distribution functions analy-
sis [7,8]. Based on their EXAFS results, Mastelaro et
al. [4] have proposed a schematic picture of the local
structure of the Ag—As-Se glasses with 0.11 <x <
0.43. However, despite the efforts of earlier workers,
the structure of these glasses is still poorly under-
stood and some of the data are even contradictory.
The average Ag—Se coordination number for the
composition x = 0.25, n,sfg =4.0 + 0.2, determined
by neutron diffraction [6] is significantly higher than
that obtained from the EXAFS measurements [4]
(n, =2.0 + 0.2). The EXAFS results, obtained in a
large compositional range, indicate that not all silver

Ternary Ag—As—Se chalcogenide glasses are
formed in a large homogeneous glass-formation re-
gion centered about the (Ag,Se) (AsSe),_, tie line
[1]. The interest towards these materials was largely
stimulated by the fact that their electric conductivity
changes from predominantly electronic at low Ag
contents to predominantly ionic at high Ag contents
[2,3].

The local structure of the Ag—As—Se glasses has
been studied by extended X-ray absorption fine
structure (EXAFS) spectroscopy [4], the isotopic
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atoms are four-fold coordinated, as suggested by the
formal valence shell (FVS) model, proposed by Liu
and Taylor [9].
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The X-ray diffraction studies of Ag—As-Se
glasses with low silver content [7,8] are consistent
with the hypothesis for 4-coordinated silver and has
revealed the presence of a strong first sharp diffrac-
tion peak (FSDP), considered as manifestation of the
medium-range order (MRO) in covalently bonded
glasses [10,11]. Therefore, structural investigations
of (Ag,Se) (AsSe),_, glasses with high silver con-
tent (x > 0.25) and the generation of realistic three-
dimensional models of their structure, which would
allow detailed analysis of the changes both in the
short-range order (SRO) and the MRO with compo-
sition, are necessary.

In the past there were numerous analyses of single
wavelength X-ray diffraction radial distribution func-
tions (RDF) of binary As—Se and ternary Ag-
Ge(As)-Se glasses, using either the microcrystalline
approach [12] or empirical expressions relating the
area under the first RDF peak with the concentration
and the possible coordination of the constituent atoms
[13,14].

The relatively novel reverse Monte Carlo (RMC)
method [15] gives an alternative approach for model-
ing and interpretation of the structure of disordered
materials and has been successfully applied to many
different glasses and liquids [16]. The RMC method
generates atomic configurations, consistent with the
whole diffraction data set(s), and not just fitting
particular features like the area under the first RDF
peak. Of course, if we have only one set of data and
the atom scattering factors are similar, as in the case
of As and Se, then it is unlikely that all the 6 partial
pair distribution functions of a 3 component Ag—
As-Se glass will be very reliable but they certainly
will be no worse than any other qualitative analysis
of the data that can be done. However, the RMC
method allows additional structural information to be
taken into account in the form of coordination con-
straints in order to reduce the possible range of
structural models. Besides that the RMC models can
be used for analysis of the bond-angle distributions
and the distortions of the coordination polyhedra
both of which cannot be determined directly from
the RDFs but are very important for understanding
the electronic and the vibrational properties of the
investigated materials.

Correspondingly, the aims of the present paper
are: (1) to obtain X-ray diffraction radial distribution

functions for several (Ag,Se) (AsSe), _ , glasses with
large Ag content (x > 0.25) and thus to follow the
overall changes in the structure with approaching the
amorphous-crystalline boundary at about x = 0.6 [1];
(2) to construct models of the structure of these
glasses consistent with the experimental X-ray
diffraction and previous EXAFS [4] data using the
reverse Monte Carlo method. Since there are only a
few RMC models of Ag-containing ternary chalco-
genide glasses [17], the RMC method will not only
allow some quantitative interpretation of the struc-
ture of the Ag—As—Se glasses to be made but will be
a further test of the applicability of the method to
ternary chalcogenide glasses in general.

The paper is organized in the following way:
Section 2.1 describes the preparation of the samples,
details of the X-ray diffraction experiments as well
as the radial distribution analysis are given in Sec-
tion 2.2 and Section 2.3 describes the RMC tech-
nique employed. The X-ray diffraction and RMC
results are presented in Section 3 and the changes in
the structure of the investigated Ag—As—Se glasses
with increasing Ag content are discussed in Section
4.

2. Experimental
2.1. Sample preparation and characterization

Three samples along the (Ag,Se) (AsSe), _, tie
line were prepared for the present study. First, pure
silver (99.99% Aldrich), arsenic (99.9999% Aldrich)
and selenium (99.999% Aldrich) were ground in
agate mortar, sieved through a mesh to obtain grain
size of less than 64 pwm and mixed together to obtain
about 8 g of the corresponding composition. For
each sample the powder mixture was put into quartz
tube of 6 mm inner diameter and repeatedly evacu-
ated — refilled with He. The tube was then sealed
with an oxyacetylene burner while the residual gas
pressure was about 1 X 10™* Torr. The as-prepared
ampoule was kept at 800°C for 4 days in a furnace
and then quenched in ice water. In order to obtain
good homogeneity of the samples, the ampoules
were rotating with about 6 rmp. The composition of
the final glassy alloys was determined using a Jeol
JSM 820 SEM with EDAX X-ray dispersive anal-
yser. The mass density of the samples was measured
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Table 1

Composition, bulk density (p), number density (p,), glass transition temperatures (7,) and mean standard deviations (o) for the

investigated Ag—As—Se chalcogenide glasses

Sample p (g/cm?) p, (atoms /A Composition T, (K) (o)
Ag As Se

AG27 5.40(2) * 0.0385(1) ® 0.236(1) © 0.324(9) © 0.440(9) © 430(1) * 0.06

AG39 5.53(4) 0.0381(3) 0.328(7) 0.256(1) 0.416(7) 433(1) 0.07

AGS4 6.20(5) 0.0411(20) 0.419(7) 0.179(6)

0.402(6) 430(2) 0.03

* The standard deviations, given in parentheses, are determined from 3 measurements.
® The standard deviations, given in parentheses, are calculated as & ( py) = (A/M)o( p), where o( p) is the standard deviation in the bulk

density, A is the Avogadro number and M is the molecular weight.

® The standard deviations, given in parentheses, are determined from at least 7 measurements.

picnometrically. The glass transition temperatures
(T,) were measured by Perkin-Elmer DSC 7 thermal
analyser.

The composition, the densities and Tg for the
investigated samples are listed in Table 1. The x
values of the samples along the (Ag,Se) (AsSe), _,
tie line are 0.27, 0.39 and 0.54. That is why the
samples will be denoted hereafter as AG27, AG39
and AG54, respectively. The mass density and 7, for
the AG27 sample compares well with the data for
Agy, 2 AS5335€,, 4 (x = 0.25) measured by Benmore
and Salmon [5].

2.2. X-ray diffraction experiments and calculation of
the radial distribution functions

The X-ray diffraction experiments were carried
out on a Siemens D500 automatic powder diffrac-
tometer using Mo K_ radiation (wavelength A =
0.7109 A) equipped with a diffracted beam mono-
chromator (@,, = 6.095°, where 20 is the diffrac-
tion angle) and scintillation detector. All measure-
ments were made in reflection geometry, in the
angular range from 5 to 110° 2@, corresponding to a

Q range from 0.77 Al to 14.5 ‘&“1, where Q= |

47 sin(@)/A. The spectrum was scanned with a
constant step width A26@ = 0.2° from 5° to 70° and
with A260 = 0.5° from 70° to 110°. For each sample
the intensities were measured 4 times using 4000
counts per step and the results were averaged. The
mean standard deviations (o) are 0.06, 0.07 and
0.19 counts /s for the AG27, AG39 and AG54 sam-
ples, respectively. The averaged data was further
Fourier smoothed before the RDF analysis. The

background scattering with the sample absent was
measured from 5° to 110° 2@ with step width
A20 =0.5° using 120 s per step. The background
data below 70° 20 were interpolated with step width
A26 = 0.2° using cubic spline functions.

The smoothed data for each composition were
corrected for background scattering, polarization and
absorption in the sample in the usual way [18]. The
corrected intensity was converted into electronic units
by the Krogh—Moe method [19] and the incoherent
scattering was subtracted to obtain the total coherent
scattering 1.,(Q). The incoherent scattering was
calculated from published regression coefficients
[20], taking into account the Breit-Dirac recoil fac-
tor and the bandpass of the monochromator which
was determined using the method of Ruland [21].

The reduced structure factor, F(Q), which repre-
sents a weighted sum of all partial structure factors
A(Q), F(Q)=L,,v,(QNA,(Q)— 1), was calcu-
lated from the total coherent scattering by F(Q) =
Q) — (f2N/(f), where (f) =T, cic.fif;"
(f)=X,c.f.f;", f is the atomic form factor for
atom species i and the summation is over all atoms
in the structural unit. The Q-dependent coefficients
¥,,(Q) are defined by v,(Q) = c;c;f.f;" /<f)*. The
atomic scattering factors were calculated from ana-
lytical expressions [22] and corrected for anomalous
dispersion [23].

The reduced radial distribution function G(r) was
then calculated as the Fourier transform of the re-
duced structure factor:

G(r) =2/m[QF(Q)sin(Qr) M(Q) dQ, (1)
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where the modification function M(Q) was chosen
in the form proposed by Lorch [24], M(Q)=
sin(a Q) /(aQ). The « values were determined from
the condition M(Q,,,,) = 0.01. The total pair corre-
lation function is calculated then by T(r)=4wp,r
+ G(r), where p, is the atom number density of the
glass. The total pair distribution function (TPDF),
g(r), which is used in the RMC simulations, is
related to T(r) by g(r) =T(r)/4mp,r. The corre-
sponding T(r) and F(Q) functions were corrected
for small residual errors using the method of Kaplow
et al. [25].

The RMC method requires some initial estimate
of the experimental errors to be provided for each
data set. That is why an analysis of the statistical
errors in the structure factors, F(Q), and the corre-
sponding g(r) functions was carried out. The stan-
dard deviation of the total structure factor, o(Q),
can be related to the standard deviation of the raw
data o(Q) by

BA(Q) P(Q)

s Joi(Q) +o2(Q) . (2)

op(Q) =

where $ is the normalization constant, A(Q) is the
absorption correction, P(Q) is the polarization cor-
rection and ox(Q) is the standard deviation of the
background.

The standard deviation of T(r), o,(r), is calcu-
lated then, assuming independence of the o,(Q)
errors at the different Q points, by:

7i(r) = Z20] Tom(@)n(0)7i(0)
Q

+(4mr)’ a0l (3)

where AQ is the step used for calculating the F(Q)
function and ¢,? is the standard deviation of the
atom number density. Finally the standard deviation
in the TPDF is calculated by o,(r) = a;(r) /4w rp,.
Since a uniform error distribution ¢ is normally
used in the RMC algorithm, the 0;(Q) and o, (r)
distributions were averaged. The corresponding mean
(@, values are listed in Table 1. All calculations
were performed using the program RADIF [26].

2.3. RMC simulations

Although it has been demonstrated that the area of
the first X-ray diffraction RDF peak is insensitive to
the actual number of As—Se, As—As and Se-Se
bonds [27-30], there is large amount of experimental
evidence (from compositionally related crystalline
phases [31-34], vibrational spectroscopy [35] and
EXAFS [4]) for the presence of chemical short-range
ordering (CSRO) in the Ag—As—Se glasses. That is
why in the present paper only RMC models with
chemical short-range ordering are considered.

In order to model the CSRO, the following frac-
tional coordination constraints excluding the forma-
tion of short homopolar bonds (bond lengths < 2.9-
3.0 A) were applied: (i) the possibility of short
Ag—Ag bonds was excluded on the basis of the
neutron diffraction results for x = 0.25 [6], the low
temperature Ag K_, EXAFS data [4] for x =043
and the absence of short Ag—Ag distances in the
crystalline Ag,Se [33] and Ag,AsSe, [34] crys-
talline compounds; (ii) the formation of short Se—Se
bonds was forbidden on the basis of comparison with
the Se—Se bond lengths in crystalline As,Se, [31],
As,Se, [32], Ag,Se [33] and Ag,AsSe; [34] com-
pounds; (iii) the possibility for short Ag—As bonds
was also excluded on chemical grounds since Ag and
As are practically immiscible at room temperature
[36]. Several additional coordination constraints,
based on the EXAFS [4] and neutron [6] results, were
applied: ny, <5, n3; <3, njy <1, n§¢ > 1 and ng}
> 1, which prevent the formation of under- or over-
coordinated atoms.

Starting configurations of 1000 particles with ap-
propriate composition (see Table 1), randomly dis-
tributed in a cubic box of edge length L = 30 A with
periodic boundary conditions, were used in all three
cases. The RMC requirement, g(r) =1 for r > L/2,
was strictly fulfilled for all compositions because
there are no structural oscillations in the correspond-
ing TPDF functions for r > 10 A (see below). The
starting configurations were generated with a dis-
tance of closest approach between any two particles
equal 1.9 A, which corresponds to the low r limit of
the first peak in the corresponding TPD functions.

The RMC simulations were performed using a
two-stage procedure: (1) RMC fits were made first to
the corresponding g(r) function with coefficients of
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the partials equal to 7v,(Q=0) and 0=0.05, a
reasonable value in regard of the mean (a'g> errors
listed in Table 1; (2) after a structural equilibrium
was achieved and all coordination constraints were
fulfilled, a final fit to the corresponding TSF was
made with the actual Q-dependent coefficients
v;(Q), reducing o gradually to 0.01. Such an ap-
proach is not only much less time consuming but is
justified by the fact that the corresponding v,,(Q)
coefficients are in first approximation independent of
Q. The term ‘structural equilibrium’ will be used
hereafter to denote the case when the goodness-of-fit
factor, Xz’ starts to oscillate around a given value
without significant improvement of the fit between
the experimental and calculated TSF or TPDF.

All calculations were performed on a VAX 4100
computer using the RMCA program [37]. Structural
equilibrium in the final F(Q) fits was achieved after
about 30 h. The final y* goodness-of-fit factors are
close to 1.0.

3. Results

Fig. 1 shows the simulated reduced structure fac-
tors, F(Q), compared with the experimental data for
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Fig. 1. Final RMC fits to the total structure factors for the AG27,
AG39 and AG54 samples: ( ) experimental diffraction
data, (---) RMC data. The data for the AG39 and AG54 samples
are shifted by 0.5 and 1.0 units for clarity.
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Fig. 2. Experimental and calculated total pair distribution func-
tions for the AG27, AG39 and AGS54 samples: (————)
experimental X-ray diffraction data, (---) RMC data. The data for
the AG39 and AG54 samples are shifted by 1.5 and 3.0 units for
clarity.

the three compositions. The experimental and the
simulated total pair distribution functions, g(r), are
given in Fig. 2. The RMC fits reproduce very well
all the features of the corresponding g(r) and F(Q)
functions, in particular the first sharp diffraction
peak (FSDP) observed at about 1.2 A'in samples
AG27 and AG54.

Comparison of the intensity of the FSDP in the
investigated Ag—As—Se glasses with high Ag con-
tent and in Ag—As—Se glasses with low Ag content
[7.8] (although not exactly on the Ag,Se—AsSe tie
line) indicates that the MRO in the Ag—As—Se
glasses changes significantly with increasing the Ag
content. The absence of FSDP in the AG39 sample
indicates, however, that the MRO in these glasses is
possibly also very sensitive to small changes in the
silver content.

All samples exhibit three g(r) peaks at about 2.6,
3.7 and 5.5 A. There are no structural oscillations
beyond 10 A for all compositions. However, signifi-
cant changes below 10 A are observed with increas-
ing Ag content. The average coordination number,
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determined as the area under the first peak in the
corresponding total radial distribution function,
rT(r), increases non-linearly with increasing Ag
content (see Table 2). At the same time the second
and the third g(r) peaks decrease in intensity, sug-
gesting a decrease of the MRO on the 3-8 A scale.

The comparison of the partial pair distribution
functions (PPDF), determined from the RMC mod-

g(r)
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els, indicates that most significant changes are in the
Ag—Ag, Ag—-Se and the As—Se PPDF, shown in Fig.
3a-c, using a reduced scale r/ry, where ry,; is the
position of the first maximum in the corresponding
PPDF. The Ag—Ag first-nearest neighbor (Ag-Agl)
distribution broadens significantly with increasing
Ag content. As a consequence, the Ag—Agl coordi-
nation number increases strongly in the range 0.3 < x

thty

Fig. 3. Partial pair distribution functions (PPDF), calculated from the RMC fits: (a) Ag-Ag PPDF; (b} Ag-Se PPDF; (c) As-Se PPDF.
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Table 2
Average coordination numbers of the investigated Ag—As—Se glasses
Atom Composition

AG27 AG39 AG54

RDF RMC EXAFS *  RDF RMC EXAFS* RDF RMC EXAFS *
Ag — 24+11 20 — 2711 20 — 27410 20°¢
As — 25+08 3.0 — 31+£08 30 — 32408 30°¢
Se — 28+08 24° — 37+09 285° — 40+09 37°¢
Average 25401 26 25¢ 35101 32 264 33401 33 2914
* Ref, [4].

b Interpolated values.
¢ Extrapolated values.

¢ Calculated from the EXAFS [4] coordination numbers for the corresponding atoms and the composition of the samples determined in the

present study.

< 0.4 from 2.8 + 1.5 for the AG27 sample to about
6.5 + 1.5 in AG39 and AG54. The Ag—Ag! coordi-
nation number for the AG27 sample, 2.8 + 1.5, com-
pares very well with the value, 2.7 + 0.2, determined
by the isotopic substitution method in neutron
diffraction [6] for the Ag—As—Se glass with x = 0.25.

The comparison of the partial structure factors
indicates that the most significant changes are in the
Ag-Se partial structure factors (Fig. 4). The shift of
the second and the third Ag—Se peaks to lower @
values accounts well for the observed changes in the

1.0

F(Q)

20 ] i 1 ) 1 L
0 2 4 8 8 10 12

a k)

Fig. 4. Partial Ag—Se structure factors, calculated from the RMC
models: AG27 ( ), AG39 (---) and AG54 (- - -) sam-
ples.

corresponding total structure factors. It is interesting
to note that the Ag-—Se partial structure factor for
x=0.54 is very similar to that in molten Ag,Se,
calculated by molecular dynamics [38].

4. Discussion

4.1. Short-range order

The variation of the average coordination num-
bers, calculated from the RMC models, compares
well with the experimentally observed increase of
the average coordination number with increasing Ag
content (see Table 2). The average coordination
number for the AG27 sample, calculated from the
EXAFS data [4], is also in very good agreement with
the RDF results, but the coordination numbers calcu-
lated for the AG39 and AGS54 samples are lower.
This fact indicates that some of the corresponding
EXAFS coordination numbers are possibly underes-
timated.

The Ag-Se average coordination number practi-
cally remains constant, n,sfg=2.5i0.2, with in-
creasing silver content. The RMC results give thus
further evidence that the Ag coordination does not
change with composition, as indicated by previous
neutron diffraction [5] and EXAFS [4] measure-
ments.

The geometrical analysis of the models indicates
that the Ag atoms form a network of distorted AgSe,
pyramidal units and AgSe, tetrahedra with additional
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Fig. 5. Se-Ag—Se bond angle distributions for the 2 {———),

3 (---Yand 4 (- - -) coordinated Ag atoms in the RMC model of
the AG54 sample.

—Ag—Se—Ag- chain-like elements. A slight increase
of the three-coordinated atoms is encountered with
increasing Ag content at the expense of a corre-
sponding decrease of the Ag atoms bonded to one or
two Se atoms. The fraction of the 4-coordinated Ag
atoms is about 17 & 5%. The Se—Ag—Se bond angle
distributions for the 2-, 3- and 4-coordinated Ag
atoms are quite different (see Fig. 5). The Se-Ag-Se
bond angles («) for the 2-coordinated Ag atoms
have almost random distribution in the range 60—
180° with a weak and broad maximum peaked at
about 90°, the FWHM of which increases with in-
creasing Ag content. On the contrary, the average «
values for the 4-coordinated silver atoms have a
narrow distribution (FWHM ~ 5°), peaked close to
the ideal tetrahedral value. Most interesting is the
distribution of the Se—Ag-Se bond angles for the
3-coordinated Ag atoms. In all three samples it is
zero for a > 120° has a maximum for « slightly
less than 120° and smoothly decreases to zero at
about 60-65°. Such behaviour can be roughly under-
stood assuming that all AgSe; units represent regular
triangular pyramids with axial distortion #/R, where
h is the height of the pyramid and R is the length of
the Ag—Se bonds. In this case the cosine of the

Se—Ag-Se angle (&) can be written in the form,
cos(a) = —0.5 + 3(h/R)*. Therefore the Se—Ag—
Se distributions indicate that the axial distortions of
the AgSe, pyramids varies continuously with most
of the Ag atoms in planar triangular coordination
(h/R=0.0). The relative amount of triangularly
coordinated Ag atoms increases with increasing Ag
content. The different types of Ag coordination es-
tablished in the RMC models are in full agreement
with the data for the Ag,Se [33] and Ag,AsSe, [34]
compounds. In Ag,Se [33] one half of the silver
atoms are almost tetrahedrally coordinated and the
other half are triangularly coordinated, while in
Ag,AsSe, [34] the Ag atoms form -Ag-Se-Ag—
chains connecting the AsSe, pyramids.

The average coordination of arsenic is close to 3.0
in all three samples (see Table 2) in agreement with
the EXAFS [4] results. The As—As first-nearest
neighbor (As—Asl) coordination number also does
not change with composition. The value obtained
from the RMC simulations, n3'=0.6 + 0.8, is of
special interest, since it is well known that EXAFS
spectroscopy cannot resolve the Se and As contribu-
tions. The As atoms form a network of distorted
AsSe,; pyramids and —As-Se—As— chain-like ele-
ments with some As(AsSe;) tetrahedral or square
pyramidal units in addition. The Se—As-Se bond
angles for the 2-coordinated As atoms have a broad
distribution in the range 60-180° which becomes
more random with increasing Ag content. The aver-
age Se—As—Se bond angles of the AsSe, pyramids
vary continuously from 120° (planar coordination) to
about 65° (while all Se—As—Se bond angles in the
Ag,AsSe, [34] phase are equal to 98°).

Most significant is the change of the Se average
coordination number. It increases from 2.8 to 4.0
with increasing Ag concentration. The X-ray RDF
studies of Ag—Ge-Se glasses [14] also indicate that
the chalcogen coordination number increases from
2.7 to 4.0 with increasing Ag concentration. The
increase of the average Se coordination results from
two counterpart mechanisms — a slight decrease of
the Se—As first nearest neighbor coordination num-
ber and increase of the Se~Ag first nearest neighbor
(Se—Ag1) coordination number. The Se—Ag] coordi-
nation numbers obtained 1.3 +£0.5, 2.2+ 0.9 and
2.7+ 0.9 for the Ag27, AG39 and AGS54 samples,
respectively, follow closely the EXAFS results [4].
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4.2. Medium-range order

The increase of the number of the Se—Ag bonds
leads to significant changes in the glassy network:
the proportion of the molecular-like elements de-
creases while the branching of the —Ag-Se—Ag—
(—As—Se-As-) chains and the connectivity of the
network as a whole increases (see Fig. 6).

In addition, the intensity of the Ag-Se second-
nearest neighbor (Ag—Se2) and the As-Se second-
nearest neighbor (As—Se2) peaks in the range 3-5 A
systematically decreases with increasing Ag content
(see Fig. 3b and Fig. 3¢), while the magnitude of the
Ag-Agl correlations (see Fig. 3a), as well as the
Se-Sel and the As~As2 correlations (not shown in
Fig. 3), remain practically unchanged. Taking into
account the variation of the y,»j(Q) coefficients with
composition, it may be concluded that the observed
decrease of the intensity of the second peak in the
TPDF with increasing Ag content (see Fig. 2) results
from: (i) the decrease of the y,,,, and g, coeffi-

AG27

Fig. 6. Networks of Ag—-Se and As—Se bonds in spherical sections
(radius 10 A) of the RMC models for the AG27 and AGS54
samples.

cients and (ii) the decrease in As—Se second-nearest
neighbor correlations (the decrease in the Ag—Se2
correlations is almost compensated by the increase of
the y,,s. coefficient).

Preliminary analysis of the density fluctuations in
the three models indicates that the AG39 structure is
most homogeneous. This might be connected with
the fact that the FSDP disappears in this alloy and
will be a subject of future studies.

5. Conclusions

X-ray diffraction investigation of three Ag-con-
taining chalcogenide glasses (Ag,Se) (AsSe), _,,
with high silver content (x =0.27, 0.39 and 0.54)
was carried out. Models of the structure were gener-
ated using reverse Monte Carlo (RMC) fits to the
total X-ray diffraction structure factors with chemi-
cal short-range ordering coordination constraints. The
main results can be summarised as follows:

(1) An abrupt increase of the average coordination
number is observed for x > 0.3. The RMC simula-
tions indicate that it is mainly due to the increase of
the Se coordination from 2.8 to about 4.0.

(2) The Ag—Se coordination number, on the con-
trary, remains practically unchanged. The Ag atoms
are bonded on average to 2.5 + 0.2 Se atoms. Signif-
icant number of Ag atoms have planar triangular
coordination similar to that in the crystalline phase
Ag,Se [33]. The Ag—Ag first-nearest neighbor coor-
dination increases with increasing Ag content, which
might indicate some clustering of the Ag atoms at
high Ag contents.

(3) The average As coordination is close to 3.0
with the As atoms coordinated on average by 0.6 +
0.8 As atoms in all three samples. The additional
As—As bonds lead to the formation of distorted
As(AsSe;) tetrahedral or square pyramidal units.

(4) A decrease of the intensity of the second peak
in the total pair distribution functions with increasing
Ag content is observed. It is due both to a change in
the weighted scattering coefficients 1y, i(Q) and to a
decrease of the As—Se as well as the Ag-Se
second-nearest neighbor correlations.

(5) The structure of the investigated Ag—As—Se
glasses can be described as network of molecular-like
AsSe;(AgSe,) pyramidal units and AgSe, tetrahe-



158 N. Zotov et al. / Journal of Non-Crystalline Solids 209 (1997) 149-158

dra, connected by —As—Se—As— (-Ag—Se-Ag-)
chain-like elements.

(6) Finally, we demonstrated that RMC fits to
single-wavelength X-ray diffraction data from ternary
chalcogenide glasses can produce reasonable struc-
tural models if proper chemical short-range order
coordination constraints are imposed.
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