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Structural investigations on the glasses from the system x(Fe 2O3∙V2O5)∙(100-x)[P2O5∙Li2O] with 0< x < 50 mol%, were
accomplished. Scanning electron microscopy and small angle neutron scattering methods were used for the present study.
The structural 2D-results from SEM are in good agreement with the 3D-results from SANS. It is found that with the increase
of the concentration x the microstructure features of the system are changing from particulate to fractal.
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1. Introduction
Glasses containing transition metal ions are important
materials for the science, technology, and engineering, for
their electrical, optical and magnetic properties that make
them suitable for large number of applications in many
fields [1-6].
The addition of transition metal oxides such as V2O5
in phosphate glasses was investigated due to their
properties such as low glass transition temperatures, high
thermal expansion coefficient, and low melting
temperature [7-12].
The obtained systems are new and detailed
investigations of the resulted compounds are necessary. In
the present paper the microstructure of the glasses from
the system x(Fe2O3•V2O5) • (100-x)[P2O5•Li2O] with 0< x
< 50 mol%, is studied. Earlier, investigations by means of
FT-IR [13] and Raman [14] spectroscopy and Electron
Paramagnetic Resonance (EPR) [15], were accomplished
on similar samples in order to identify the spectral
contribution of each unit component, to point out the role
of the iron and vanadium ions, respectively to determine
the local structure of these glasses.
The FT-IR results showed that Fe2O3 and V2O5
contribute to the structure as network modifiers forming
non-bridging oxygen ions. When their concentration
increases, also the number of non-bridging oxygen ions
increase. At a higher content of iron and vanadium ions,
the P=O bonds are breaking, the P-O-P bonds are replaced
by P-O-Fe or P-O-V bonds and the FeO4 units appear
together with the FeO6 units [13].

The Raman spectra of the similar glass systems like
xMeO•(100−x)[P2O5•CaO], (MeO = Fe2O3, V2O5 or
(Fe2O3 • V2O5)) showed that the addition of Fe2O3 and
V2O5 in the glass matrix causes a depolymerization of the
phosphate chains network and the glass network is
changing gradually, with the increasing of iron and
vanadium content. For example, the Raman spectra of
xFe2O3•(100−x)[P2O5• CaO] do not present any absorption
bands characteristic to Fe2O3 but its evolution is dependent
on the iron content. The Raman spectra of
xV2O5•(100−x)[P2O5•CaO] present, besides the bands
specific for the matrix, some bands assigned to
characteristic vibrations of V–O bonds which are
evidenced only for high content of V2O5 [14].
Samples like xMeO•(100−x)[P2O5•CaO], (MeO =
Fe2O3, V2O5 or (Fe2O3•V2O5)), studied by EPR method,
show for low content of V2O5 that all the spectra present a
hyperfine structure typical for isolated V4+ ions. When the
V2O5 content increase, the EPR absorption signal showing
hyperfine structure superposed by a broad line without
hyperfine structure characteristic for clustered ions. At
high V2O5 content, the vanadium hyperfine structure
disappears and only the broad line can be observed in the
spectra [15]. For the glasses x(Fe2O3)•(100-x)[P2O5•CaO],
the composition dependence of the absorption line
intensity shows an increasing up to x = 20 mol% and for
higher concentrations decreases [16]. For the x(Fe2O3) •
(100-x)[P2O5 •Li2O] glass systems with x > 10 mol%
Fe2O3 concentration range, isolated Fe3+ ions subjected to
strong crystalline field effects were detected [16].

On the structure of Lithium-Phosphate glasses doped with iron and vanadium ions

The present work reports on the structural
investigations of x(Fe2O3•V2O5)•(100-x)[P2O5•Li2O] with
0< x < 50 mol% by means of scanning electron
microscopy (SEM), and small-angle neutron scattering
(SANS). These methods are used in order to obtain
complementary information about the influence of local
symmetry and interactions between iron and vanadium
ions with the increasing of Fe203•V2O5 content in the
P2O5•Li2O glass matrix on the morphology and
microstructure of the system.
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The SONIX+ software system accomplished the
control of the spectrometer [24]. The experiments were
carried out at sample-to-detector distances of 5.28m and
13.04 m, resulting in a Q range of 0.006÷0.06 Ǻ-1.
Background scattering on the substrate and on the
vanadium reference sample was accounted by using SAS
software (small angle neutron scattering intensity in
absolute units of cm-1) [25]. Experiment was carried out at
a room temperature.

3. Results and discussion
2. Experimental
2.1. Samples preparation
For the samples preparation (NH4)2HPO4, Li2CO3,
Fe2O3 and V2O5 of reagent grade purity were used.
Samples were prepared as in the case of other
phosphate glasses [17-19] by weighing suitable
proportions of components, powder mixing and mixture
melting in sintered corundum crucibles at 1250 ◦C for 5
minutes. The mixtures were put into the furnace directly at
this temperature. The melts were poured onto stainless
steel plates.
Five samples of x(Fe2O3•V2O5) • (100-x)[P2O5∙Li2O]
with x=0; 5; 20; 35; 50 mol% were obtained.
2.2. X-ray diffraction
The samples were analyzed by XRD method using
PANalitical X-ray diffractometer Empyreanin Curadiation with scanning step ~ 0.026 degree. The X-ray
patterns of the investigated samples are characteristic for
vitreous systems. No crystalline phase was observed up to
50 mol% (Fe2O3· V2O5).
2.3. Scanning electron microscopy
Scanning electron microscopy analysis was
accomplished at the FESEM (Hitachi SU8020) instrument
in function at the Center of Applied Physics of FLNRJINR.
2.4. Small angle neutron scattering
Small angle neutron scattering experiments consist in
measuring the intensity of the scattered neutrons versus the
amplitude of the scattering wavevector defined by Q
4/sin(/2), where  is the scattering angle and  is
the neutron wavelength.
SANS measurements were performed on the time-offlight YuMO spectrometer with two detector modes [2023] in function at the IBR-2 high flux pulsed reactor (JINR
Dubna).

3.1. SEM-analysis
SEM was used to study the morphological features of
x(Fe2O3•V2O5) • (100-x)[P2O5•Li2O] with x=0; 5; 20; 35;
50 mol% samples (Fig. 1).
For x=0 (Fig.1a) and x=5mol% (Fig.1b) the image of
the sample presents mainly round and ellipsoidal drop-like
aspect. Beginning with x=20mol% the surface of the
samples reveals the presence of pronounced big irregular
structures with sharp edges (Fig. 1 c, d, e). From the SEM
images it can be concluded that the increase of
Fe2O3•V2O5 concentration induce the growth of these
structures.
3.2. SANS-analysis
Structural analysis in the volume of the samples was
accomplished using SANS method.
It is well known that, identical SANS curves or
identical SANS curve regions can be obtained for very
different nanosystems. In order to choose one or other of
the possible SANS modeling methods, it is essential to
know additional structural information such as electron
microscopy, SEM or TEM (transmission electron
microscopy). In the following, we present a preliminary,
possible interpretation of the experimental data of the
measured SANS curves, taking into account the
information obtained from the scanning electron
microscopy images (Fig.1).
In Fig. 2 the SANS experimental curves for x varying
from 0 to 50 mol% are depicted.
In function of the x value, two structural regimes are
revealed in the range of scattering vector 0.006 < Q <
0.085 Å-1:
(i) for x=0 and 5 mol%, a structural regime characterizing
particulate structures;
(ii) for x=20; 35; 50 mol%, a structural regime
characterizing fractal structures, due to the power law
behavior of the curves, is detected.
Further the cases of x=0 and 50 mol% will be analyzed.
In Fig. 2 the SANS experimental curves for x varying
from 0 to 50 mol% are depicted.
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(a)

(b)

(c)

(d)

(e)
Fig. 1. SEM images of x(Fe2O3∙V2O5)∙(100-x)[P2O5∙Li2O], measured on FESEM SU8020 type microscope: (a) x=0; (b) x=5%;
(c) x=20%; (d) x=35%; (e) x=50%
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Fig. 2. SANS experimental curves for x(Fe2O3∙V2O5)∙(100-x)[P2O5∙Li2O] with 0< x < 50 mol% samples obtained at YuMO
instrument in function at IBR-2 reactor
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Fig. 3. SANS experimental and fitting curves for x(Fe2O3∙V2O5)∙(100-x)[P2O5∙Li2O] with x = 0 sample

3.2.1. Analysis of SANS experimental curve for x=0

The experimental data for x=0 were modeled in the
whole Q region by using form factors for different
morphological shapes to obtain the size parameters best
describing the scattering signal [26].
In Fig.3 SANS experimental and fitting curves for
sample with x=0 are presented.

Using the FITTER program [27] three-form factors
were found in the range of 0.006< Q< 0.085 Å-1, as
follows:
(a)

0.006 < Q < 0.012 Å-1

A cylinder having radius R and length H, described
with the expression,
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(b) 0.012 < Q < 0.015 Å-1
The form factor of a spherical shell with R1 the
outer radius and R2 the inner one, described by the
following mathematical expression,

(c) 0.015 < Q < 0.085 Å-1
A three axial ellipsoid with half-axes a, b, c, described
with the expression (1)
where, (t )  3

2



R 
I (Q)  A   QR1    2    QR2    B


 R1 
sin t  t cos t
where (t )  3
and B is the background, is
t3
3

(1)

sin t  t cos t
; B is the background;
t3

A  I (0) , is obtained.

In Table 1, the structural models and obtained
dimensions are summarized.

determined.
Table 1. Fitting models and structural dimensions

Q-range
[Å-1]

Model

0.006 ÷0.012

Cylinder

0.012÷ 0.015

Spherical shell

0.015 ÷0.085

Three axial ellipsoid

3.2.2. Analysis of SANS experimental curve for
x=50 mol%
In Fig. 4 the log-log SANS experimental curve for the
sample of x(Fe2O3•V2O5)∙(100-x)[P2O5•Li2O] with x=50
mol% is represented.

Dimensions
[Å]
R =6145.8
L =402

R1 =693.8
R2 =364.8
a =2964.1
b =30.2
c =1241.9

The curve is composed from two distinct parts, whose
behaviors are like Q  :

(i) for 0.006  Q  0.018 Å-1,   3.7
(ii) for 0.02  Q  0.05 Å-1,   4.05
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Fig. 4. SANS experimental and fitting curves for x(Fe203∙V2O5)∙(100-x)[P2O5∙Li20] with x = 50 mol% sample

The power-law dependence of the scattering intensity


I (Q)  Q arising as a linear dependence on a double
logarithmic plot in a definite Q - range is called a fractal
region [28, 29]. A succession of power-law decays with
different exponents in small-angle scattering experimental
data, point out on the presence in the sample of a few
fractal structures at different scales [30].
If the power-law exponent is   3 , the investigated
sample is a mass fractal with the fractal
dimension Dm   , while if 3    4 , then the sample
presents characteristics of a surface fractal with the fractal
dimension Ds  6   . The exponent   4 is specific for
smooth surfaces.
In our case:
(i) for   3.7 , the system exhibits the behavior of a
surface fractal object with the fractal dimension Ds  2.3
(ii) for   4 , the system is formed from scatterer
objects with sharp smooth interfaces.

4. Conclusions
Structural investigations on the glasses from the
system x(Fe2O3•V2O5)∙(100-x)[P2O5•Li2O] with 0< x < 50
mol%, were accomplished. X-ray diffraction, scanning
electron microscopy and small angle neutron scattering
methods were applied for the study. The X-ray patterns of
the investigated samples are characteristic for vitreous
systems. No crystalline phase was observed up to 50 mol%
(Fe2O3· V2O5).
It was obtained, that at the nano length scales, with
the increase of the concentration x the microstructure
features of the system are changing from particulate to
fractal. The cases of x=0 and 50 mol% are detailed
analyzed by SANS. Morphological dimensions of the

initial system are determined. The structural 2D-results
from SEM are in good agreement with the spatial
organizations results from SANS.
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