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ABSTRACT. X-ray diffraction (XRD), Fourier transform infrared (FTIR), electron 
paramagnetic resonance (EPR), Ultraviolet-visible (UV-Vis) spectroscopies 
measurements have been employed to investigate the glasses from the 
(V2O5)x·(KPO3)80-x·(MgO)19·(Ag2O)1  (0 ≤ x ≤ 10 mol%) system. The studied 
glasses had a fixed MgO and Ag2O content of 19 mol% and 1 mol% 
respectively, and the V2O5:KPO3 ratio was varied. XRD data confirms the 
vitreous nature of the studied samples. EPR, UV-Vis and IR data confirm the 
presence of vanadium in multiple valence states.  
 
Keywords: V2O5-MgO-KPO3 glasses, X-ray diffraction, FT-IR, EPR, UV-vis 
analysis  

 
 
 
INTRODUCTION  

 
During the last decades, glasses doped with transitional metal ions 

(TMI) have been the subject of many studies due to their interesting 
electrical, optical and magnetic properties which recommended them for 
potential application in many fields such as electrical memory switching, solid 
state lasers, phosphors, solar energy converters, catalysis and magnetic 
information storage, plasma display panels, electronic and optical devices [1-
16]. Among different TMI, vanadium ion is considered extremely interesting due 
to the influences on some physical properties including electrical, optical, and 
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magnetic properties of the glasses [2, 7-10, 12-14]. In glasses and glass ceramics 
vanadium ions can exists in different oxidation states: +3 (trivalent), +4 
(tetravalent) and +5 (pentavalent). In the glass network V3+ ions occupy 
octahedral symmetry, V4+ ions appear in both square pyramidal and octahedral 
position and V5+ ions can be found in tetrahedral, square pyramidal and 
octahedral configurations [13]. The 5+ (diamagnetic) and +4 (paramagnetic) 
are the most frequent valence states of vanadium ions in glasses [10]. The 
content of vanadium ions in different coordination and valence states in the 
glass depending upon the quantitative properties of modifiers and glass 
formers, size of the ions in the glass structure, their field strength, mobility of 
the modifier cation, etc. The simultaneous presence of vanadium ions in 
different valence states in glasses bring interesting changes in electrical 
characteristics. Thus, the semiconducting behaviour of glasses doped with 
vanadium ions is due by the hopping of unpaired 3d1 electron between V4+ 
and V5+ ions [2, 13, 14]. To be specific, it is quite possible for the intervalence 
transfer of electrons between these ions and contribute more to the electronic 
component of the electrical conductivity of the glasses. Also, the presence of 
vanadium ions in the studied glasses offers the possibility to investigate the 
local structure by electron paramagnetic resonance (EPR) spectroscopy [9, 
10, 17, 18]. EPR spectroscopy is a very powerful tool in obtaining information 
regarding the local environment of TMI in the glass network and to identify 
the site symmetry around these ions [17-25]. 

On the other hand, in the last years exist a large degree of interest 
concerning glasses co-doped with silver oxide due to their high ionic conductivity 
and potential applications such as biomaterials with antibacterial and 
antimicrobial effects, laser optical data recording and photonics [5, 26-29].  

The aim of this paper is to present our results obtained by means of 
XRD, FTIR, EPR and UV-Vis spectroscopies measurements performed on 
some potassium phosphate glasses gradually doped with vanadium ions and 
co-doped with a constant content of silver oxide. The research is part of a 
comparative analysis program focused on the behaviour of TMI in glasses, to 
obtain generally valuable rules, which allow imposing and controlling the 
properties of such materials. 
 
 
RESULTS AND DISCUSSION 

1. XRD and density data 
XRD patterns of studied samples within Bragg angles from 10 to 70° at 

room temperature are presented in Figure 1. For all the investigated samples the 
XRD patterns exhibit few diffused scattering peaks at low angles instead of any 
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sharp peak indicating the amorphous nature of the studied samples. These 
amorphous nature features are characterized by three halos centred at 2θ ≈ 16°, 
29° and 44°. 

 

 
 

Figure 1. XRD patterns for the obtained samples  
 
 
The compositional evolution of density for the studied glasses may 

provide important information concerning the possible structural changes 
that can occur in the host glass matrix by substitution of potassium 
metaphosphate by vanadium pentoxide. Figure 2 present the compositional 
dependence of the density for the studied glasses.  

As can be seen from this figure the density increases with the increasing 
of V2O5 content in all the studies concentrations range. This evolution suggests 
that the increase of vanadium ions content in the studied glasses leads to a 
gradual inclusion of these ions in the host glass matrix. On the other hand, 
the non-linear compositional dependence of the density is due to the fact that 
the gradual addition of the vanadium ions leads not only to a simple 
incorporation of these ions in the host glass matrix but also generates 
structural changes in the glass network. Thus, the density data suggests that 
the vanadium ions play a network modifier role in the studied glasses. 
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Figure 2. The density variation with the compositional evolution of the samples 

 
2. FTIR data 

Figure 3 present the FTIR spectra obtained for the studied glasses.  

 
Figure 3. FTIR spectra for the studied samples  
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As can be observed the glass matrix and all the studied samples 
contain twelve absorption peaks in the range of 450-2000 cm-1 that can be 
assigned as follows, in accord with literature reports [19, 30-34]. Thus, the 
band from 500-520 cm-1 represent the bending vibration for P=O bonds in 
the case of matrix that is vanadium free, and bending modes for V-O-V bonds 
from the network that overlap with P=O vibration for the rest of the samples. 
The band from 540-546 cm-1 corresponding to the bending vibration in case of 
the O=P-O linkages. This band decrease when the concentration of the dopant 
(V2O5) increase. The behaviour is because the number of O=P-O bonds 
decrease (potassium monophosphate is replaced by vanadium pentoxide) 
and the number of V-O-V bonds increase. The first peak and the second form in 
the case of sample doped with 10 mol% of V2O5 an IR broad peak. The band 
from 705-709 cm-1 assigned to P-O-P symmetric stretching Q2 type. 745-760 
cm-1 represent the symmetric stretching vibration for P-O-P linkages. The band 
from 880-900 cm-1 assigned to asymmetric stretching vibration for P-O-P 
linkages from the glass network of matrix and for the rest of the samples is 
overlapped with symmetric vibrations of the V-O bonds from VO4 tetrahedral 
that appear in the glass network when the dopant is added. The band from 
975-984 cm-1 corresponds to the symmetric stretching vibration from (PO4)3- 
group Q0 type from the glass network. The band from 1018-1030 cm-1 for the 
matrix correspond to the asymmetric stretching vibration from (PO3)2- groups, in 
the case of samples doped with vanadium can be assigned for the vibrations of 
V5+=O double bond (in accord with UV-vis spectra that certifies the presence of 
pentavalent vanadium), also can correspond to the vibration of V-O bond from 
[V3O] groups or to the stretching of O-V-O bonds. The band from 1098-1103 cm-

1 corresponds to the asymmetric stretching vibration from (PO4)3- group Q0 type. 
1129 cm-1 assigned to the symmetric stretching vibration from (PO2)- group Q2 
type from the glass network. The band from 1177-1193 cm-1 is due to the 
asymmetric stretching vibration from (PO2)- group Q2 type that built up the 
amorphous network. The band from 1267-1272 cm-1 can be assigned to the 
symmetric stretching vibration of P=O bonds from the glass network while 
the band of 1630 cm-1 correspond to water vibration. 

 
3. UV-VIS data 

UV-Vis data were obtained at room temperature being presented in 
Figure 4. The Figure 4 reveals the presence of four peaks for the sample doped 
with 10 mol% of V2O5 (two in the UV region and another two in visible region) and 
three for the rest of the studied samples.  
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Figure 4. UV-vis spectra for samples from (V2O5)x·(KPO3)80-x·(MgO)19·(Ag2O)1   
(0 ≤ x ≤ 10 mol%) glass system  

 
The samples were doped with V2O5 in this way the initial valence of 

vanadium is five. In glass according with the literature data [30], vanadium 
can exist in three different valence states V5+, V4+, V3+. In the case of V5+ ion, 
the electronic structure is d0 so the vanadium ion is incapable to give 
absorption peaks in the visible region of the optical spectrum because is not 
possible a d-d electronic transition (3d orbital being empty). But can be 
possible a charge transfer peaks that appear in UV region at about 290-340 
nm according with the literature [31, 32] and confirmed by our results. It is 
interesting this behaviour, because phosphate glasses favour the presence 
of vanadium in low oxidation state (three and four) [31]. Our samples exhibit 
two charge transfer peaks in 285-340 nm region of the optical spectrum due 
to the presence of vanadium in highest oxidation state (V5+). 

In the visible region of the spectrum appears a very small peak at 597 
nm. This peak it is observable only for the sample doped with 10 mol% of 
V2O5. According with other research data, this absorption can be attributed to the 
presence of vanadium in V3+ valence state [30], where vanadium is 
surrounded by six oxygen atoms in a distorted octahedral coordination. This 
absorption is due to 3T1g to 3T2g electronic transition. 
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Another peak in our case, for the studied samples appears at 930 nm. 
This absorption seems to be due to the presence of tetravalent vanadium as 
VO2+ in accord with other research data [30] and confirmed by our EPR data. 

The intensity of absorption peaks increases when increase the 
concentration of the dopant (V2O5). 

 
4. EPR data 

To find more structural information related to the investigated system, 
EPR measurements were performed, at room temperature and the obtained 
spectra are illustrated in Figure 5.  

 

 
 

Figure 5. EPR data of the studied samples 
 
The most significant finding in the EPR spectra, is the presence of 

the very well resolved hyperfine structure, with all features, for all prepared 
concentrations (up to x=10 %). These features are connected with very 
homogeneous distribution of the paramagnetic V4+ ions, which leads to very 
weak dipolar interactions or even to their absence.  
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Eight hyperfine lines (I=7/2) are expected for vanadyl (V4+) ion in 
glasses, as a result of spin-orbit interaction in parallel band and same lines 
number in perpendicular one as the atom is aligned with field [35].  

Other interesting result is the high ability of this system to incorporate 
V2O5 is the constant width of the hyperfine constant for all concentration (A= 
195 G)  

The vanadium V4+ content increases constantly with V2O5 addition in 
the initial mixture, being illustrated by the increase in lines intensities, proving 
that during the melting process V5+ is reduced by the melting condition.  

The V4+ ions built up vanadyl complexes with oxygen’s from its 
neighbourhood and is located in octahedral field, with a tetragonal distortion, i.e. 
one V-O bond oriented axially, is shorter than the other [36]. Also, it was 
deduced from experimental data that, when the bond between the V4+ and 
on oxygen atom axially located is too long, caused by a lack in oxygen in the 
glass the complex can we considered as a pure tetrahedral one [37]. 
 
 
CONCLUSIONS 

 
New samples from (V2O5)x·(KPO3)80-x·(MgO)19·(Ag2O)1  (0 ≤ x ≤ 10 

mol%) glass system were obtained. 
XRD data confirm the amorphous state of the studied samples. The 

density measurement suggest that the vanadium ions play a network 
modifier role in our case. 

IR and UV-vis data show the presence of vanadium in the glass 
network in multiple valence state. 

EPR data also confirm the presence of V4+ ions in the glass network. So, 
all obtained data confirm the fact that at the working temperature a part of 
pentavalent vanadium is reduced to inferior oxidation states. Also, the 
vanadium ions seem to be octahedral surrounded by six oxygens fact 
confirmed by our obtained results.   
 
 
EXPERIMENTAL SECTION 

 
Glasses of the (V2O5)x·(KPO3)80-x·(MgO)19·(Ag2O)1  (0 ≤ x ≤ 10 mol%) 

system were prepared by conventional melting and quenching method using 
V2O5, KH2PO4, MgO and Ag2O of high purity (99.9%) in suitable proportion. 
The mechanically homogenized mixtures were melted in sintered corundum 
crucibles at 1100 °C for 10 minutes. 
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The X-Ray diffraction measurements of the samples were recorded 
with an XRD – 6000 Shimadzu diffractometer with a monochromator of 
graphite for Cu-Kα radiation (λ = 1.54060 Å) at room temperature.  

The density of each sample was measured based on Archimedes 
principle at room temperature using toluene as immersing liquid. The samples 
were weighted on a KERN digital balance with an uncertainty of ± 0.00001 g. 

The FTIR absorption spectra of the studied glasses and glass ceramics 
were obtained in the 360 - 1500 cm-1 spectral range with a resolution of 2 cm-1 
using a JASCO FTIR 6200 spectrometer. The IR absorption measurements 
were done using the KBr pellet technique.  

UV-VIS absorption spectra of the prepared samples were investigated 
with a JASCO V-550 spectrometer, in the wavelength range of 300-1380 nm 
having a resolution of 2 nm. 

The EPR measurements of powder samples were carried out in the 
X-band (~ 9.79 GHz) at room temperature using a Bruker E-500 ELEXSYS 
spectrometer. The spectra processing was performed by Bruker Xepr software. 
To avoid the alteration of the glass structure due to the ambient conditions, 
especially humidity, samples were poured immediately after preparation and 
enclosed in tubular holders of the same calibre. The EPR spectra were 
recorded using equal quantities of samples. 
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