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Structural properties of lead vanadate glasses 
containing La 3§ or Fe 3+ ions 
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Structural properties of lead vanadate glasses containing La 3+ or Fe 3+ ions were investigated 
using X-ray diffraction, Fourier transform infrared spectroscopy and laser Raman spectro- 
scopy. Crystalline Pb2V207 was formed for the molar composition 66.7PbO-33.3V205. In- 
corporation of greater quantities of La 3+ into lead metavanadate glass caused the crystalliza- 
tion of Pb2V207. Fourier transform infrared and laser Raman spectra also suggested the pre- 
sence of LaVO 4. Incorporation of Fe 3+ ions into lead metavanadate glass, up to 20 wt % 
Fe203, did not cause crystallization inside the glass matrix. Changes in the vibrational spectra 
are discussed. 

1. Introduction 
Mixed oxides of metal cations and vanadium are 
characterized by specific chemical and structural 
properties. These materials have found different 
applications (catalysis, dosimetry, luminescence de- 
vices, etc.) [1, 2]. Some vanadate glasses showed semi- 
conducting properties [3]. The conduction in vanad- 
ate glasses was explained by the electron hopping 
between V s+ and V 4+ through the V O-V bonds. 
Partial reduction of V 5+ to V 4+ in the molten state 
was also observed for the system CuO V205 [4], and 
this is assumed to be responsible for the semiconduct- 
ing properties of copper vanadates. After the thermal 
treatment of V205, both V 4+ and V 3+ ions were 
found in V20 s, and the V 4+ yield was greater than 
that of V 3 + [5]. Oxygen deficiency appeared to be the 
original cause of the structural instability of VzOs. 

The PbO-V205 system has also been extensively 
investigated. In the chemical sense, the PbO-V205 
system is relatively simple; however, structurally, this 
system is of a complex nature. Depending on the 
PbO/V205 ratio, temperature of melting, mode and 
the time of quenching, in addition to the amorphous 
phase, different metastable and stable crystalline 
phases may be formed [6]. Slobodin et al. [7] investig- 
ated the PbO-V205 system and determined concen- 
tration regions and the temperatures for the formation 
of lead metavanadate, Pb(VO3)2, and lead pyrovan- 
adate, PbzV20 7. The investigation of the equimolar 
PbO-V20 s system showed [8, 9] the existence of two 
new lead metavanadate phases, which crystallized 
from the melt when the cooling rate was extremely 
high. These phases were embedded into glass matrix, 
and on heating they transformed to the well-known 
stable phase PbV206 [10]. Baiocchi et al. [11] also 
investigated the system PbO-V20  s and they found 
two crystalline phases inside the glass matrix. On the 
basis of the X-ray diffraction (XRD) patterns, the 

authors suggested the existence of two different pyrov- 
anadate phases, ~-PbV207 and [3-PbV207. Momo 
et al. [12] investigated the equimolar PbO-V20 s sys- 
tem. Depending on the cooling rate from the melt, 
samples could be obtained either as amorphous or as 
polycrystalline lead metavanadate, PbVzO6, or as 
mixtures containing polycrystalline and amorphous 
phases. The samples contained 1.70%-2.16% V 4+ in 
relation to the total vanadium. The appearance of very 
different ESR line shapes for differently prepared ma- 
terials was explained by the difference in the hopping 
rate of the charge carriers. The magnetic properties of 
the semiconducting system PbV206 were investigated 
using glass, as well as the crystalline modification, 
obtained by a very fast or a very slow cooling, respect- 
ively [ 13]. The results of magnetic susceptibility meas- 
urements, performed in the temperature range 
4.2 ~< T ~< 250 K were reported. The differences be- 
tween the observed magnetic behaviour were attribu- 
ted to the different jumping rates of the 3d electrons 
for V ~+ and V 5+ states in the glass and crystalline 
samples. The magnetic properties of the glass phase 
were described in terms of a crystal field model for 
localized electrons, which, on the other hand, is inade- 
quate for the crystalline phase, because of a higher 
electron mobility. 

In the present work, the dependence of the forma- 
tion of glass and crystalline phases in the PbO-V205 
system on the kind of dopant ions, La 3 + or Fe 3 +, and 
their concentrations, was investigated. Structural 
changes in the samples were followed by X-ray diffrac- 
tion, Fourier transform infrared (FT-IR) spectro- 
scopy and laser Raman spectroscopy. 

2. Experimental procedure 
The chemicals, PbO, La203 and FezO 3, were ob- 
tained from Ventron, while VzO 5 was obtained from 
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Kemika, Zagreb. The experimental conditions em- 
ployed for the preparation of the samples are given in 
Table I. 

X-ray powder diffraction measurements were per- 
formed at room temperature using a Philips counter 
diffractomer with monochromatized CuK, radiation 
(graphite monocromator). 

FT-IR spectra were recorded at room temperature 
using a spectrometer 1720-x produced by Perkin- 
Elmer. Samples in powder form were pressed into 
discs using spectroscopically pure KBr. 

Raman spectra were recorded using a DILOR 
Z24 triple monochromator with 514.5nm line of 
COHERENT INNOVA-100 argon laser as excitation 
source. The power at the sample was 200 mW and the 
step size ranged from 0.5-2cm -1. Powder samples 
were pressed with KBr into pellets to improve the 
conduction of heat, which develops in the focus of the 
laser beam, away from the sample. Because of the 
opacity of the samples, a spinning cell and multiscan- 
ning technique had to be used. 

metavanadate composition induced crystallization of 
a small amount of Pb2V20 7 (sample S-6). The crystal- 
lization of PbzV2Ov was more pronounced in sample 
S-7 which contained 20 wt % La20 3. However, when 
the temperature of the melt was increased (up to 
1300 ~ sample S-8), a smaller molar fraction of crys- 
tallized P b z V 2 0  7 was  detected, in spite of fact that the 
La~O 3 content was additionally increased to 25 wt %. 
Fig. 1 shows X-ray diffraction patterns of samples S-l, 
S-8 and S-6. Because there is an overlapping of the 
prominent X-ray diffraction lines of PbzV207 and 
LaVO4, the presence of LaVO4 in glasses with higher 
contents of La203 cannot be excluded. Lead meta- 
vanadate glasses doped with Fe203 up to 20 wt % 
were completely amorphous (samples S-9, S-10, S-11 
and S-12), as shown by X-ray diffraction. 

Vanadium forms covalent bonds with oxygen at- 
oms, similar to phosphorus, and due to its relatively 
small atomic weight, vanadium-oxygen bonds pro- 
duce different vibrations in the infrared region. In 

3. Results and discussion 
The results of X-ray diffraction phase analysis are 
given in Table II. For the molar composition s-1 
66.7PbO-33.3V20 5 (sample S-l) crystalline lead s-2 
p y r o v a n a d a t e ,  PbzV207, was detected. On the other s-3 

S-4 
hand, for the molar compositions 50.0PbO-50.0V20 5 s-5 
(sample S-2) and 33.3PbO-66.7V2Os (sample S-3), s-6 
pure glasses were obtained. Samples S-4 and S-5, s-7 
which contained 2.5 and 5.0 wt % La20 3, respectively, S-8 
were completely in the glassy state, as shown by XRD. s-9 

S-10 
Incorporation of 10 wt % La203 into the glass with S-ll 

S-12 

TABLE II The results of X-ray diffraction phase analysis 

Sample Phase composition (approx. molar fraction) 

Pb2V207 
Amorphous 
Amorphous 
Amorphous 
Amorphous 
Amorphous + Pb2V20 v ( ~ 0.01) 
Amorphous + Pb2V207 ( ~ 0.10) 
Amorphous + Pb2V207 ( ~ 0.05) 
Amorphous 
Amorphous 
Amorphous 
Amorphous 

TA B L E I Chemical composition and experimental conditions for 
sample preparation 

Sample Chemical La or Fe Time of Temperature 
composition of oxide heating (~ 
lead vanadate added (h) 
(tool %) (wt %) 

S-1 66.7 PbO - 1 800 
33.3 V20 5 

S-2 50.0 PbO - 1 900 
50.0 VzO 5 

S-3 33.3 PbO - 1 800 
66.7 V20 5 

S-4 50.0 PbO La20 3 1 900 
50.0 VzO ~ (2.5) 

S-5 50.0 PbO La20 3 1 900 
50.0 VzO5 (5.0) 

S-6 50.0 PbO La20 3 1 900 
50.0 V20 s (10.0)" 

S-7 50.0 PbO LazO 3 1 900 
50.0 V20 5 (20.0) 0.25 1150 

S-8 50.0 PbO La20 3 1 1300 
50.0 V2O 5 (25.0) 

S-9 50.0 PbO FezO a 1 900 
50.0 Vz05 (5.0) 

S-10 50.0 PbO Fe203 1 900 
50.0 V205 (10.0) 

S-11 50.0 PbO FezO 3 1.20 1000 
50.0 V2Os (15.0) 

S-12 50.0 PbO Fe203 1 1100 
50.0 V205 (20.0) 
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Figure l X-ray diffraction patterns of samples S-I, S-8 and S-6, 
containing crystalline PbeV20 7. 
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F T- I R  spectrum Of polycrystalline V20 5 (Kemika) is 
shown in Fig. 2. This spectrum is characterized with 
strong bands at 1023 and 818 cm- t ,  and a very strong 
and broad band with transmittance minima at 574, 
531 and 481 cm 1 

Vibrational spectra of V205 were the subject of 
several investigations [14 17]. Differences observed 
in the experimental spectra were generally caused by 
the state of V20 5 (single-crystal, polycrystalline, 
amorphous). Gilson et aI. E14] reported IR and 
Raman bands for V20 5 crystal and compared with 
those obtained on the basis of Kramers-Kronig  ana- 
lysis. Clauws and Vennik [15] measured the reflec- 
tance IR spectra on the V20 5 single crystal. They also 
recorded the transmittance IR spectrum for V2Os 
powder, and measured bands were classified as fol- 
lows: active IR 262, 370, 472, 813 and 982 cm -1 for 
B3u mode, 1023 c m - i  for B2. mode and 217, 294 and 
605 cm-1 for Blu mode. 
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Figure 2 Fourier transform IR spectrum of polycrystalline V205. 

Fig. 3 shows Raman spectrum of polycrystalline 
V205 (Kemika). The strongest band at 992 cm-  1 and 
a weak band at 1022 cm-  1 can be ascribed to molecu- 
lar vibrations, Vs(VOA), of V205. These bands, as well 
as others shown in Fig. 3, can be compared with those 
reported by Abello et al. [16]. On the basis of their 
model, the molecular vibrations were calculated for 
three kinds of vanadium-oxygen bonds exsisting in 
V20 5 structure, which were denoted VO A, VO B and 
VO c. The unit-cell representation of V20 5 is shown in 
Fig. 1 of [16]. Abello et  al. [16] identified three fre- 
quency ranges characteristic for V205. The vibrations 
associated with VOA bonds were located at 
1000 cm-1 for stretching modes and at 155-346 cm-1 
for bending modes. The vibration modes character- 
istic of the bridging oxygens VOBV were located at 

830, 450 and 200 cm-  1. The asymmetric stretching 
VOBV vibration was located at ~ 550 cm -1 and 
associated mainly with the displacement of vanadium 
atoms. The vibration bands located at ~ 700 cm-1, 
535, 487-480 cm - I  and 316-387 cm -1 corresponded 
to stretching and bending modes of VO c bonds, re- 
spectively. 

Fig. 4 shows FT IR spectra of samples S-l, S-2 and 
S-3. The F T - I R  spectrum of sample S-1 shows a very 
strong and broad band with transmittance minima at 
874, 834-826, 774 and 698-687 cm -1, as well as a 
sharp band of medium intensity at 578 cm -1. This 
spectrum corresponds to lead pyrovanadate. The IR 
spectra of pyrovanadates, CuzVzO7, Mg2V20 v, 
C02V207, NizgzO7,  Zn2V207, Cd2V207 and 
M%V207 were recorded and discussed by Pedregosa 
et  al. [18]. Differences between the corresponding IR 
spectra of metal(II) pyrovanadates were explained by 
the distortion of V20 ~- group, as a consequence of 
the presence of different metal cations in the crystal 
lattice. Kristallov et  al. [19] investigated the correla- 
tion between the characteristic IR vibrations and the 
bridge angle V - O - V  in metal(II) pyrovanadates, 
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Figure 3 Laser Raman spectrum of polycrystalline V205. (*) Parasite plasma lines. 
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Figure 4 Fourier transform IR spectra of samples S-l, S-2 and S-3. 

Cd2V207, (z-Zn2V207, 13-MgzV207, Ba2V207, 
Sr2V207, ~-Mg2V207 and Ni2V20 7. The vibrations 
V~ov and V~ov were dependent on  the bridge angle 
V- O- V.  The wave number, V~ov, changed from 
730cm-1  for CdzV207 to 666-645cm-1 for 
Ni2V2OT; while the wave. number of V}ov changed 
from 475cm -1 for ~-Zn2V207 to 582cm -1 for 
Ni2V2OT. 

Sample S-2 with metavanadate composition show- 
ed a very strong and broad band with peaks at 855, 
785 and 674 cm -I ,  as well as a weak shoulder at 
495 cm -1. These peaks were also characteristic for 
crystalline lead metavanadate; however, in this case 
they were much better pronounced [20]. With further 
increase of V205 content in the system P b O - V 2 0  5 
(sample S-3), in addition to peaks at 862, 741 and 
680 cm-1, two shoulders, at 924 and 576 cm-1, are 
also visible. The shoulder at 924 cm-1 indicates the 
presence of short isolated V = O bonds�9 Generally, with 
the incorporation of metal ion content in V20 s glass 
and increase of dopant concentration there is gradual 
shift of the IR band at 1023 cm -1 ~o lower wave- 
numbers. 

Fig. 5 shows changes in the F T - I R  spectra of sam- 
ples S-4, S-5, S-6 and S-7 influenced by the incorpora- 
tion of La 3+ in lead metavanadate glass. With the 
increase of La 3 + content there is a gradual shift of the 
band at 855 cm -~ for sample S-2 to 841 cm-.  ~ for 
sample S-6. The F T - I R  spectrum of sample S-6 also 
showed the appearance of the band at 829 cm-  1 The 
F T - I R  spectrum of sample S-7 is significantly differ- 
ent in relation to the spectra of samples S-4, S-5 and S- 
6. On the basis of the spectrum of sample S-7, the 
presence of crystalline Pb2VzO 7 in the glass matrix 
can be concluded. The role of the IR band at 438 cm-  1 
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Figure 5 Fourier transform IR spectra of samples S-4, S-5, S-6 and 
S-7. 

should be emphasized. The intensity of this band at 
438 cm-~ is very weak in the F T - I R  spectrum of 
sample S-5. With a further increase of La 3 + content in 
the glass, there is a gradual increase of the intensity of 
the band at 438 cm -1, and this can be attributed to 
the presence of LaVO 4 in the glass matrix. Baran and 
Aymonino [21] observed, in the IR spectrum of 
LaVO4, the vibration vg(VO 3-)  at 432 cm -1. These 
authors [22] also recorded v4(VO 3-)  frequency for 
CeVO4 at 442 cm -1, for PrVO4 at 441 cm -1, for 
NdVO4 at 443 cm -1, for SmVO4 at 445 cm-1, for 
EuVO4 at 443 cm-1 and for GdVO 4 at 448 cm-1. 
Yarnaguchi et aI. [23] prepared YVO4 by the sol-gel 
procedure, and the IR spectrum of this compound 
showed vibrations vl (VOW-) at 870 cm-~, v3(VO]-)  
at 820 cm -1, v4(VO 3- ) at 430 cm -1 and v2(VO 3") at 
350 cm-  1. In order to gain additional evidence for the 
presence of LaVO 4, the laser Raman spectra were 
recorded. Fig. 6 shows laser Raman spectra of samples 
S-l, S-7 and S-8. The most important difference ob- 
served in relation to the spectrum of sample  S-1 
(Pb2V207) is the appearance of the peaks at 856 cm-  
for sample S-7 and 854 cm-  1 for sample S-8�9 From the 
literature [21] it is known that the Raman spectrum of 
LaVO4 showed the most prominent peak at 
860 cm -1, which can be ascribed to v l (VO]-  ). 
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Figure 6 Laser Raman spectra of samples S-I, S-7 and S-8. 

Fig. 7 shows F T - I R  spectra of samples S-9 to S-12. 
These spectra are very simiiar and on the basis of their 
shape it can be suggested that samples S-9 to S-12 are 
glasses. XRD analysis confirmed their glassy state. 
The main characteristics of these spectra is a flattening 
of the band at 790 cm-  ~ observed for sample S-9 and a 
disappearance of a weak band at ~ 470 cm-  ~ in the 
spectrum of sample S-12. Evidently, the influence of 
La 3 + and Fe 3 + cations on the structural properties of 
lead metavanadate glass is different. For  the same 
molar fractions of dopants more glass component was 
obtained for Fe 3 + than for La 3 +. It is likely that Fe 3 + 
cations easily replace V 5 § and this can be attributed 
to similar ionic radii of Fe 3+ (0.064 nm) and V 5+ 
(0.059 nm). 

Nishida et al. [24] investigated the structure of 
N a 2 0 - V 2 0 5  glasses containing 10m01% Fe203. 
Tetrahedral coordination of Fe 3 + was determined by 
M6ssbauer spectroscopy. The authors concluded that 
incorporation of N a 2 0  into the V205 matrix caused a 
gradual change from the layer structure, built of the 
V205 tetragonal pyramids (or trigonal bipyramids), to 
the chain structure, built of the VO 4 tetrahedra having 
non-bridging oxygen atoms. Nishida et aL 1-25] also 
investigated the structure of Li20- ,  MgO-,  and 
BaO-V205 glasses containing 10 mol % Fe203. It 
was found that Fe 3+ ions were tetrahedrally co- 
ordinated with oxygen atoms at the substitutional 
sites of V 5+ or V 4+ ions. Incorporation of Li20 into 
the V205 matrix caused structural changes similar to 
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Figure 7 Fourier transform IR spectra of samples S-9, S-10, S-11 
and S-12. 

those observed for N a 2 0 - V 2 0 5  glasses. On the other 
hand, it was concluded that incorporation of MgO or 
BaO into the V205 matrix resulted in a gradual 
change of the original layer structure built of 
VOs tetragonal pyramids to the highly Complicated 
three-dimensional network structure built of VO4 
tetrahedra. 

Structural changes of the glasses formed in the 
system FezO3-V205 were investigated by IR spectro- 
scopy [26]. It was established that the short-range 
order of glasses in the system Fe203-V205 was sim- 
ilar to that of the corresponding crystalline phases. 
The main structural constituents in vitreous FeVO 4 
are VO 4 tetrahedra. A transformation of the VO s 
tetragonal pyramids into VO 4 tetrahedra takes place 
as the fraction of Fe203 increases, with formation of 
FeVO4. 
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