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Abstract. The network structure of boromolybdate Me@:0s-B20: glasses has been
investigated by neutron diffraction and reverse Monte Carlo (RMC) simulation technique. The
partial atomic correlation functions, first neighbour atom distances and the coordination
numbers have been revealed. Formation of M¢Bb%) and Mo® (45%) units was
established for the binary 90MeQON®O:s glass. The ternary glasses consist from W d&Ds

and BQ units. The relative number of BQs increasing with increasing boron content.
Characteristic second neighbour distributions indicate the existence of a pronounced
intermediate-range ordering through MeBO4 and MoQ-BO:s linkages.

1. Introduction

Rare-earth molybdate phases exhibit a great variety of important physical properties including high
ion and electron conductivity of fast oxide ion conductors, non-linear optical response and luminescent
properties. In contrast to crystalline molybdates, the preparation and structural information on
amorphous molybdate systems is far not well known. Me@ conditional network former, it is not

able to form a glass itself at even rapid cooling rates.

A systematic study to clear up the tendency for glass formation and immiscibility in the complex
mixed boromolybdate glasses has been performed by Dimitriev et al. [1-5]. The phase diagram for
MoOs-Nd(LapOs-B-0s was set up [3] and the basic structural and optical characteristics were
investigated by XRD, DTA, SEM, UV-VS spectra and IR spectroscopy [5]. Th&sNid an
appropriate component due to its specific optical properties but it increases the melting temperature,
while by adding BOs it is possible to obtain low melting materials in a relatively wide concentration
range.

In order to get a deeper insight into the network structure of NNm20s-B20s glassy system, we
have undertaken a neutron diffraction study combined with reverse Monte Carlo (RMC) computer
simulation technique [6]. We expect to obtain new structural characteristics of the partial atomic pair
correlation functions, especially on the first neighbour atomic distances, coordination numbers and
network former units and their linkages.
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2. Experimental details and methods

2.1. Samples

The amorphous materials have been prepared by a conventional melt guenching method. The nominal
compositions of the studied glasses are binary 90M@DAOs and ternary 50Mo&25NadCOs-

25B:03, 40M0Q-30NOs-30B:05, 20M0Q-30NdOs-50B:0s (mol%). Commercial powder of
reagent grade MaQNatOs and BOs were used as starting materials and were mixed in an alumina
mortar. BOs was isotopically enriched iHB (99.6%) in order to reduce the influence of the high
neutron absorption of’B present in natural boron. For the details of sample preparation we refer to
[3,5].

2.2. Neutron diffraction experiments

Neutron diffraction (ND) measurements have been performed by the PSD diffractonwetedq8 A)

[7] at the 10 MW Budapest research reactor and by the 7C2 diffractometer at the LLB-CEA-Saclay
(M0=0.726 A) [8], the powder specimens of about 3—4 g/each were filled in thin walled cylindrical
vanadium sample holder of 8 mm and 6 mm diameter, respectively. Data were corrected for detector
efficiency and background scattering. The total structure fag{@), was calculated as described in

our previous work [9]. Figure 1 shows the experimed®)) data for the investigated samples
together with the results of RMC simulation (details of the RMC modeling will be discussed in the
next section).
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Figure 1. Structure factor of the boromolybdate glasses: experimental data
(marks) and RMC simulation (solid line). The residuals of the experimental
Sxp(Q) and calculate@mc(Q) are shown at the bottom of the figure. (The
curves are shifted vertically for clarity)

The overall run of th& Q) data for the binary 90Ma2LONaOs glass is fairly different from those
of the ternary glasses containing network formgD:BThe most striking feature is the relatively high
intensity and sharp distribution of the first peak of the binary glass, which is a fingerprint of a short-
range network structure, i.e. formation of well-defined units. For the ternary glasses the intensity of
the first peak decreases, gets broader and slightly shifts to higher values with increasing boron content.
This indicates a more complex network structure of the ternary glasses in comparison to the binary
glass, as it can be expected. The second peak contains two small humps, the average main intensity
changes in dependence of concentration. The third peak gets significantly broader for the ternary
glasses and, for the higher order oscillations, aboxe@A* phase displacement can be observed.
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2.3. Reverse Monte Carlo ssimulation

The experimentaf(Q) data have been simulated by the RMC method [6] using the software package
[10]. The RMC minimizes the squared difference between the expering@)aand the calculated

one from a 3-dimensional atomic configuration. The RMC algorithm calculates the one-dimensional
partial atomic pair correlation functiong(g, for details we refer here to our previous work [9].

In this study for the RMC starting model a disordered atomic configuration was built up with a
simulation box containing 10 000 atoms. In the calculations, density values 0.0673, 0.0683, 0.0684
and 0.0692 atomsA were used [11] for the 90M@€lONGOs, 50M0Q-25Nd0s-25B:05,
40M0QOs-30Nt0Os-30B:0:  and  20MoG-30N0s-50B:0s  samples, respectively, and the
corresponding RMC half-box lengths were 26.483, 26.353, 26.340 and 26.238 A.

In the RMC simulation procedure two types of conetsmawere used: the minimum interatomic
distances between atom pairs (cut-off distances) and connectivity constraints for Mo-O and for B-O
atom pairs. Molybdenum atoms were restricted to be surrounded by 4 or 6 oxygen atoms, as suggested
in previous studies [3,12]. For the B-O coordination we supposed the formation of triganah&0O
tetrahedral B@units, which has been reported in several works, i.e. for binary neodymium borate
glasses [13], for ternary rare-earth boromolybdate M&@(La)0s-B20s [3-5], for B20s-Bi20s-M0Os
glass [14], and for binary alkali borate glasses [15,16]. In the RMC calculations boron atoms were
forced to have 3 or 4 oxygen neighbours in the interval 1.2-1.7 A, the upper limit was used not to
overlap with Mo-O distribution.

The starting cut-off distances have been taken from the literature based on the results of crystalline
compounds [17] and from glassy systems [18,19] of similar compositions. Several RMC runs have
been performed by modifying slightly the cut-off distances for the various atom pairs. The
convergence of the RMC simulation was good, the set of cut-off distances used in the final RMC run
are the following: B-O 1.2 A; Mo-O 1.71 A; 0-O 2.3 A; Nd-O 2.37 A; B-B 2.36 A; Nd-Nd 2.65 A;
Mo-B 2.7 A; Nd-B 3.05 A; Mo-Mo 3.1 A; Mo-Nd 3.45 A.

3. Resultsand discussion

The calculatedsmc(Q)s matched very well the experimentabe(Q)s for all compositions, as it is
illustrated in figure 1. The partial correlation functiongr)gand coordination numbers were revealed
from the RMC modeling. Here we focus on the results obtained for the network former Mo-O and B-O
correlations.
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Figure 2. The Mo-O partial atomic pair correlation functions from RMC modeling.
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Figure 2 shows the Mo-O correlation functions. For all compositions the first neighbour
distributions show a sharp peak at 1.75+0.02 A with a half-width value of 0.04 A, while a significantly
smaller “sub”-peak appears at 1.95+0.05 A. For 90MbAING:Os sample the intensity of both peaks
is high, and the statistics is good due to the high weighting fasies=33.79%. The “sub”-peak at
1.98 A is significantly broader than the first peak, the half-width value is 0.08 A. With decreasing
Mo-content the intensity of the first neighbour peak intensity decreases. The distributions for
50MoGs-25N0:-25B:0s and 40Mo@-30Nd0s-30B0s samples are very similar due to the small
difference in the compositions. The position of the small “sub”-peaks is slightly shifted (by 0.1 A),
which is within limit of error. For the 20MaBONdO:-50B0s sample, even the intensity of the
main Mo-O peak at 1.75 A is fairly small, due to the small amount of molybdenum in this sample.

The average coordination number for the binary 90MoOs-10Ndample iSCNwo-0=4.9+0.2
atoms. If we suppose that Me@nd MoQ units are present in the network, it would mean that 55% of
the Mo atoms are 4-fold oxygen coordinated, while 45% are 6-fold coordinated. Taking into
consideration the@woo(r) distribution, we can establish that the shorter distance at 1.74 A can be
attributed to the Mo©units, while in addition two further oxygen neighbours appear at a longer
1.98 Adistance forming Mo®units.

For the ternary 50Mo8&25Nd0s-25B0: and 40MoG@30Nd0s-30B0s samples the average
coordination number, as calculated from the RMC modelingCNs0-0=4.2 and 4.0+0.2 atoms,
respectively. As far as, the correspondivgo(r) distributions contain a small “sub”-peak at 1.95 A,
we may conclude that 95% of the Mo atoms form Ma@its, while about 5% form Mafnits. For
the 20MoQ-30Nd0s-50B:0: sample the average coordination numbeCM-0=3.5+0.3 atoms,
which is less than the expected 4-fold coordination. This may be the consequence of the relatively
large error due to the relatively small amount of molybdenum leading to a low value of the weighting
factor wi-0=5.57%, however, distortion of the tetrahedral Mo@its can not be excluded.
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Figure 3 shows the characteristics for the B-O correlations. The first neighbour distributions show a
relatively broad — in comparison to the Mo-O distribution - first neighbour distance at 1.40+0.02 A
with a half-width value of 0.25 A, and they practically overlap for the three ternaryg-Md@sz-B-0s
glasses of different concentrations within limit of error as it is shown in figure 3/a. Figure 3/b
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illustrates the B-O coordination number distributions, which contain both 3- and 4-fold oxygen
coordinated boron atoms (the small number of 2-neighbours is probably an artificial effect of RMC
calculation). The average coordination numbers slightly decreases from 3.3 to 3.1 atoms with
increasing boron content. The fraction of B@nd BQ to the total number of B®BOQs is an
important structural characteristic. It was found that it depends on the boron concentration, as it is
illustrated in figure 3/c. With increasing boron content the relative number otiBi@ is increasing,

while the number of BOis decreasing. For 50Ma@5Nd0s-25B:0s sample ~70% of B-atoms are
3-coordinated, while ~30% are 4-coordinated, the average coordination number is 3.3 atoms; for
40MoGs-30NtOs-30B:0s glass ~77% of B-atoms are 3-coordinated, while ~23% are 4-coordinated,
the average coordination number is 3.2 atoms; for 20MEDIEO0s-50B0: sample ~87% of B-atoms

are 3-coordinated, while ~13% are 4-coordinated, the average coordination number is 3.1 atoms.

In the studied system the results obtained from RMC modeling have shown significant correlations
between several second neighbour atom pairs, as it is shown in figure 4. This is important, as far as the
analysis of these results may give useful information on the linkage of the basic structural units
forming the network structure. The linkage between the Matits leads to the Mo-Mo correlation
distance at 3.2 A. The second neighbour distances for B-B are obtained at 2.4 A, for Mo-B at 2.8 A,
which indicate mixed linkages, and for Nd-B at 3.1 A. These results indicate the existence of a
pronounced intermediate-range ordering.
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Figure 4. Second neighbour partial atomic pair correlation functions obtained from the RMC
modeling for the boromolybdate glasses: a) Mo-Mo b) B-B ¢) Mo-B and d) Nd-B, where 36MoO
10Nd20s (square), 50Mo&25Nd0s-25B:0: (circle), 40MoQG-30Nd0s-40B0s (triangle) and
20M0Gs-30NOs-50B:05 (stars).

4. Conclusions

Neutron diffraction study has been performed on binary 90MdAMNGOs and ternary Mo@Nd:0s-

B:20: glasses prepared by melt quench technique. The network structure was modeled by reverse
Monte Carlo simulation method. From the RMC modeling the partial atomic correlation functions and
the coordination numbers have been revealed. Our main findings are the following:

- in the binary glass Mo55%) and Mo® (45%) structural units were revealed;

- in ternary system mainly MoQunits are present, and with decreasing Mo@nhcentration, the ratio

of MoGs units roughly decreases;



18th International School on Condensed Matter Physics IOP Publishing
Journal of Physics: Conference Series 558 (2014) 012017 doi:10.1088/1742-6596/558/1/012017

- in the ternary glasses the B-O network is formed by &% BQ groups, and with increasing®
content conversion of BQ1o BGs takes place;

- in ternary system pronounced intermediate range order exists, which indicates mixe8®add
MoQs-BOs linkages.
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