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IR and EPR investigations were performed on xV2O5(100-x)[P2O5·CaF2] glass system with 0.5≤x≤40mol%. IR spectra of the 
studied glasses pointed out the depolymerization process induced by the addition of V2O5 content because for x > 20 mo% 
the significant reduction of the bonding force between P and O  atoms leads to the appearance of more non-bridging 
oxygen ions that are involved in new V-O bonds. The changes observed in the EPR spectra of these glasses  are explained 
supposing the superposition of two EPR signals, one with a well-resolved hyperfine sructure typical for isolated V4+ ions and 
the other one consisting in a broad line without hyperfine sructure characteristic for clustered ions. The dependence of the 
linewidth versus V2O5 content has shown that until x= 5mol% these ions are coupled by dipole-dipole interaction and at high 
content of vanadium oxide (x > 5 mol%) the superexchange interaction prevail between them. 
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1. Introduction 
 
The interest for phosphate glasses increased because 

of a great  variety of applications in which they are 
involved, like hermetic seals, in different organic or 
inorganic composites, as nuclear waste hosts or for 
medical applications [1-3]. Most of the applications are 
related to the molecular level structure [1] of these glasses. 
The addition of  transition metal (TM) oxides leads to the 
depolymerization of the phosphate chains and to the 
formation of new P – O – TM which can change the 
electrical, optical or magnetic properties of these glasses.  

V4+ ions incorporated in phosphate glasses as 
spectroscopic probe has been studied by several 
researcheres [4 - 14] in order to characterise the glass 
structure. The obtained results are related to the local 
structure, with the geometry of the structural units or 
interactions between paramagnetic  ions [15]. 

EPR investigation of phosphate glasses containing V4+ 
ions have shown different values for g║ and A║ (g║ ≤ 1.93, 
A║ > 176×10-4 ) comparing with other oxide glasses 
(borate and silicate) specific for a distorted C4v symmetry 
[16,17]. 

IR investigation on various phosphate glass system 
were also reported. The investigation revealed that the 
short range order of the glass matrix is strongly affected by 
the addition of TM oxides and pointed out the 
depolymerization process of the glassy network [18, 19]. 

The present work is an EPR and IR study on 
xV2O5(100-x)[P2O5·CaF2] glasses with 0.5≤x≤40 mol%, 
following the influence of V2O5 content on the local order, 
the interactions between vanadium ions, a possible 

influence of the fluorine on the EPR spectrum of VO2+ and 
the depolymerization process induced by vanadium oxide. 

 
 
2. Experimental 
 
In order to obtain the xV2O5(100-x)[P2O5·CaF2] glass 

system(0.5≤x≤40mol%) was first prepared the matrix 
[P2O5·CaF2] by mixing (NH4)2HPO4 with CaF2 and 
melting these admixtures at 1000 ºC for 12 minutes in a 
sintered corundum crucible using a technique previously 
reported [20]. The matrix was crushed and the resulting 
powder was mixed with appropriate amounts of V2O5 
before final melting at 1250 ºC for 30 minutes. The melted 
glasses were under cooling at room temperature by quickly 
pouring onto stainless steel plates. 

 The EPR measurements were performed at                  
9.4 GHz(X-band) at room temperature using a JEOL-JES 
3B spectrometer. 

IR measurements of the glasses were obtained in the 
400-2000 cm-1 range with a Bruker IFS66/DSP 
spectrometer. The measurements were made using KBr  
technique for different fragments of bulk glass to avoid 
structural modifications caused by the ambient moisture. 

 
 
3. Results 
 
a)  IR analysis 
 
Vitreous phosphate network is based on PO4 

tetrahedra, each of them sharing three corners [1,21]. The 
tetrahedra are linked to three other tetrahedra through 
bridging P-O-P oxygens. The fourth bond is linked to a 
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terminal oxygen P=O and it is significantly shorter than 
the others [22]. In consequence, the network of phosphate 
glasses contains a polymeric structure; with the addition of 
TM oxides the phosphate structural groups passes from Q3 
to Q2, Q1 or even Q0

 when the TM oxide content increases. 
Here Qn represents the structural unit of the tetrahedra and 
n is the number of bridging oxygens per tetrahedron.      

IR absorption spectra for phosphate glasses usually 
give significant bands in the frequency region 400 –             
1100 cm-1 [23]. According to the previous data [24,25] 
V2O5 gives in the IR spectra an important band at                
~828 cm-1 due to V-O vibration in V-O-V chains and at 
~1018 cm-1 for V=O vibration. 

For the studied xV2O5(100-x)[P2O5·CaF2] glasses the 
absorption bands characteristic for both P2O5 and V2O5 
oxides were also found (Fig. 1).  

IR bands and their assignments are the followings: ~ 
610 cm-1 a band due to the O-P-O and O=P-O bending 
vibrations; ~ 700 cm-1 band due to the symmetric 
vibrations of P-O-P chains; at ~ 900 cm-1 a possible 
superposition of the stretching vibration in VO2 groups 
and P-O-P bonds; ~ 1100 cm-1 a superposition of  PO4

3- 
groups and V=O stretching vibration;  ~ 1280 cm-1 due to 
P=O stretghing vibration [24, 26-29].   

The shape of the spectra is changing with the increase 
of the V2O5 oxide content. The band at ~ 700 cm-1 due to 
P-O-P bonds in Q1 phosphate structures shifts with                  
~ 50 cm-1 at high concentration of V2O5 oxide because of 
the breaking of these bonds and formation of PO4 isolated 
tetrahedra corresponding to Q0 phosphate groups; a strong 
attenuation is also observed probably due to the increase 
of disorder degree in the network [21, 29,30].  
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Fig. 1. IR spectra of xV2O5(100-x)[P2O5·CaF2] glasses. 
 

For high content of vanadium ions (x > 20 mol%) a 
shoulder at ~ 840 cm-1 appear in the spectra attributed to 
V-O-V stretching vibration. The band at ~ 1100 cm-1 
increases in intensity with the increase of V2O5 oxide 
because the number of Q2 groups and the number of V = O 
bonds increase with the depolymerization of the phosphate 
network. The shape of the spectra in this region has the 
form of a large band that contains the unresolved 
superposed bands belonging to both phosphate and 
vanadate bonds of the new structural units. The 1275 cm-1 

band due to the P=O stretching vibration decrease in 
intensity with the increasing of V2O5 oxide content 
because of the formation of   bonds which 
makes weaker the initial P=O bond. The reduction of the 
bonding force between P and O atoms leads to the 
appearance of more non-bridging  oxygen ions which are 
involved in the new V-O bonds and a shift to lower 
wavenumber also appears[24]. 
  
 

b) EPR analysis 
  
The EPR spectra obtained for the studied glasses with 

a small content of V2O5 (x ≤ 5 mol%) show a well-
resolved hfs typical for isolated vanadium ions in a C4v 
symmetry, present as vanadyl  ions (Fig. 1). 
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Fig. 2. EPR spectra of the xV2O5(100-x)[P2O5·CaF2] glasses. 
 
 
The apropriate spin Hamiltonian for these spectra is: 
 

HS = β0g  BzSz + βog┴(BxSx+BySy) + A׀׀SzIz + A┴(SxIx+SyIy)   
                    (1)         

                              
where: βo is the Bohr magneton; g║  and g┴ are the 
components of g tensor; Bx, By, Bz are the components of 
the magnetic field; Sx, Sy, Sz are the components of the 
electron spin operator; Ix, Iy, Iz are the components of the 
nucleus spin operator; A║ and A┴  are the main 
components of the hyperfine coupling tensor. 

The values of the magnetic field for the hfs peaks 
from the parallel and perpendicular absorbtions are given 
by the following eqs [13]: 

 
 B║  (m) = B║  (0) - A׀׀ m - [(63/4) – m2] A┴

2/2B(0)׀׀ 
                                        (2) 

 
B┴(m) = B┴(0) - A┴ m -  [(63/4) – m2](A 

2 +  A┴
2)/4B┴(0) 

                                                 (3) 
 
where: m = magnetic nuclear   quantum number for 
vanadium nucleus having the following values: ±7/2, 
±5/2,±3/2 and ±1/2; 
 

 B ║ (0) = hν/g║  βo                             (4) 
    

 B┴(0) = hν/g┴ βo                                                 (5) 
 

where ν is the microwave frequency. 
Spin- Hamiltonian parameters of VO2+ ions 

determined from the observed positions of hfs lines and 
eqs. (2-5) are given in Table 1. 

 

 
Table 1. EPR parameters of VO2+ ions in  

xV2O5(100-x)[P2O5·CaF2] glasses. 
  

x(mol%) g|| g┴ 

 
A|| 
[10-4 cm-1] 
 

A┴ 
[10-4 cm-1] 

0.5 1.945 1.986 152.6 58.9 
1 1.932 1.981 157.9 59.2 
3 1.948 1.989 152.4 60.3 
5 1.950 1.987 154.5 60.4 

 
The values of of these parameters confirm that the 

vanadium ions exist in the studied glasses as VO2+ ions in 
octahedral coordination with a tetragonal compression, 
particularly of C4v symmetry.  

The shape of the spectra are modified with the 
increasing of vanadium ions content. This modification 
consists in the partial dissapearance of  the vanadyl hfs and 
the appearance of a broad line due to the clustered ions 
coupled by dipole-dipole interaction. At high content of 
vanadium ions (x > 8 %) the superexchange interaction 
prevails between clustered ions.  

The EPR spectra may be regarded as the superposition 
of two EPR signals: one with a well resolved hfs typical 
for isolated VO2+ ions and another one consisting in a 
broad line typical for associated (clustered) vanadium ions.  

 
Fig. 3. The V2O5 concentration dependence of the EPR 

linewidth.  
 

The composition dependence of the linewidths of the 
broad line ∆B characteristic for clustered ions is given in 
Fig. 3. It increases with V2O5 content until x ≈ 5 mol% 
suggesting that the dipole – dipole interaction prevail 
among V4+ ions and decreases for the V2O5 content over            
x > 5 mol% showing that in this range the superexchange 
interaction prevails between resonance centers [14].  
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In order to give attention to the effect of fluorine on 
the VO2+ complex, it is possible that one fluorine atom to 
coordinate at V4+ ion in the transposition with respect to 
the „yl” oxygen. This fact leads to the weakness of the 
V=O bond and consequently to the decrease in the 
tetragonal character of the vanadium coordination 
polyhedra. The most probable is that the fluorine atom 
substitutes the sixth oxygen. According to the literature 
data [9,14, 32] this fact leads to  the increase of g|| and  to 
the decrease of A|| values. The g||  and A|| values obtained 
for these glasses are in good agreement with the octahedral 
distortion of vanadium coordination polyhedra. Similar 
results were reported also for some VO2+ compounds [32]. 
The possible superhyperfine coupling with the fluorine 
nucleus leads to the broadening of the vanadium hfs lines 
[33].  

 
 
4. Conclusions 
 
IR spectra of the studied glasses pointed out the 

depolymerization process induced by the addition of V2O5 
content because for x > 20 mo% the significant reduction 
of the bonding force between P and O  atoms leads to the 
appearance of more non-bridging oxygen ions that are 
involved in new V-O bonds. 

EPR spectra of these glasses are considered  as the 
superposition of two EPR signals: one with a well resolved 
hfs typical for isolated VO2+ ions and another one 
consisting in a broad line typical for associated vanadium 
ions. For x >5 mol% the superexchange interactions 
between the paramagnetic centers.prevails   

A careful analysis on EPR spectra gives also 
information about the glass network which contains 
fluorine ions. They can substitute the sixth oxygen atom 
from the transposition with respect to the „yl”oxygen 
(V=O) with the appearance of VO5F chromofore. 
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