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Tellurovanadate 35V2O5-(65-x)TeO2-(x)Li2O, x = 10-50 mol% glasses were prepared by 
the melt-quenching method. Elastic and structural properties of the glasses were studied by 
measuring sound velocity using the pulse-echo overlap technique and Fourier Transform 
Infrared (FTIR) spectroscopy, respectively. Longitudinal modulus, CL showed a sharp 
increase at x = 20 mol% before a small drop at x = 30 mol% but increased slightly before 
remaining almost constant at x = 40-50 mol%. Meanwhile, shear modulus, µ showed an 
initial increase at x = 20 mol% followed by a gradual drop in µ for x = 30-50 mol%. The 
initial increase in CL and µ at x = 20 mol% was attributed to the increase in number of 
bridging oxygen (BO) which caused the increase in stiffness and rigidity of the glass 
network. Meanwhile, the reduction in CL and the gradual drop in µ at x = 30-50 mol% are 
suggested to be due to the increase in number of non-bridging oxygen (NBO) which 
caused stiffness and rigidity decreased. FTIR analysis showed that the glassy matrix was 
composed of TeO3, TeO4, VO4, and VO5 structural units. Quantitative analysis using the 
bulk compression and ring deformation models showed reduction in the ratio of calculated 
bulk modulus to the experimental bulk modulus, Kbc/Ke indicating that ring deformation or 
bending was reduced with the addition of Li2O.  
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1. Introduction 
 
In recent years, tellurium oxide based glasses are technically considered of great interest 

on account of their unique properties, such as high refractive index [1-6], high dielectric constants 
[4,7-12], high glass-forming ability [13-15] and good infrared (IR) transmission [4,16-20]. These 
glasses posses high chemical durability and good mechanical strength [21-25], low melting point 
[18,23,26-30] as well as absence of the hygroscopic properties in comparison with phosphate and 
borate glasses [26,31,32]. Among the various oxides glasses, tellurium oxide (TeO2) as a 
conditional glass former does not easily form a glass on its own but it readily forms glass with a 
modifier such as alkali metal oxide or alkaline earth metal oxide and transition metal oxides 
(TMOs) [33-37]. The basic structure of pure TeO2 and tellurium oxide based glasses consists of 
TeO4 trigonal bipyramid (tbp) [5,10,12,20,33,38,39]. Addition of alkali and/or alkaline earth 
modifiers to TeO2 network causes a change of the Te coordination polyhedron from TeO4 trigonal 
bipyramid (tbp) to TeO3 trigonal pyramid (tp) [10,27]. Interestingly, TeO2 also forms glass with 
addition of other glass formers such as V2O5, MoO3, B2O3 and P2O5 [26,40-43]. 

Addition of V2O5 which is another well known former, to tellurite glass forms binary 
tellurovanadate glass. It has been suggested that structural change take place where when V2O5<20 
mol% the glass forms continuous tellurite network while when V2O5>20 mol%, it transforms to a 
vanadate network [26,44]. The binary system not only showed wide glass forming region but is 
also displayed semiconducting properties, believed to be due to hopping of electrons from V4+ ions 
to a V5+ sites [33,45-48]. Several studies have suggested the multivalency of vanadium 
[15,33,45,49] and also observed that non-bridging oxygen (NBO) increases with V2O5 content 
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[45,50]. On the other hand, addition of alkali metal oxide and silver oxide to TeO2-V2O5 form 
mixed electronic-ionic ternary systems amongst which are Na2O-V2O5-TeO2 [51], Ag2O-V2O5-
TeO2 [52,53] and Li2O-V2O5-TeO2 [54,55]. These glasses show predominantly electronic 
conductivity at high V/M ratio where V and M are concentration of vanadate and alkali or silver 
ion, respectively [56], while for low V/M ratio, the glass exhibits ionic conductivity [56]. For 
(x)Li2O-(1-x)[0.3V2O5-0.7TeO2] glass, electronic to ionic transition was observed around 20-30 
mol% Li2O [47]. In the electronic region, the decrease of conductivity was suggested due to 
relative opening of glass network as a result of creation of NBO which increases distance between 
polaron hopping sites and the reduction in V2O5 [47]. On the other hand, for (V2O5)0.4-(TeO2)0.6-x-
(Li2O)x glass where V2O5 was held constant, a drop of conductivity was still observed [57]. 
Because the drop was in the electronic region it was suggested that the behaviour of electronic 
conductivity was influenced by Li2O concentration. Structural changes in the electronic region has 
been considered as an important factor in understanding the drop in electronic conductivity 
behavior. An important point to consider is that structural changes are usually closely related to 
elastic changes and as such a proper study of elastic behavior in the electronic region could reveal 
useful information on the role of Li2O in the glass system.  

Elastic studies of several tellurovanadate glass systems such as the (50-x)V2O5-xBi2O3-
50TeO2 [33] and (TeO2)50-(V2O5)50-x-(TiO2)x [40] tellurovanadates been reported. These studies 
have demonstrated that composition and type of oxide material significantly contribute to stiffness, 
rigidity and elastic moduli of the glasses. Interestingly, sound velocity measurements in 50TeO2-
(50-x)V2O5-(x)Ag2O glass system showed a change in slope around 15-20 % of Ag2O [58]. In 
particular, however, previous study of the V2O5-TeO2-Li2O glass system does not include the 
effect of Li2O on rigidity and stiffness of the system. As in other systems, Li2O addition in 
35V2O5-(65-x)TeO2-(x)Li2O is expected to bring about critical changes on elastic properties of the 
glass system especially in the electronic region which makes ionic conductivity possible at higher 
Li2O content. However, to the best of our knowledge, a concurrent study on elastic properties and 
structure of ternary vanadotellurite V2O5-TeO2-Li2O glass has not been previously reported. 

In present study we report the effect of Li2O addition on elastic and structural properties of 
the 35V2O5-(65-x)TeO2-(x)Li2O (x=10-50 mol%) glass system by measuring ultrasonic velocities 
and infrared absorption spectroscopy, respectively. Our objective is to investigate the changes in 
the mainly electronic region as this is the key to understand the drop in electronic conductivity. In 
order to verify both properties, the glass transition temperature,Tg, of the system was also 
measured to correlate the changes as a result of Li2O addition. In addition, quantitative analysis 
based on the experimental bulk modulus using the bulk compression [59] and ring deformation 
[60] models are discussed. The ratio of theoretical bulk modulus, Kbc and experimental bulk 
modulus, Ke i.e. Kbc/Ke which is a measure of the extent to which bond bending takes place under 
isotropic compression will provide addition information on ring deformation in the region. 

 
2. Experimental details  
 
2.1 Samples preparation 
 
The ternary tellurovanadate glass samples with starting composition of 35V2O5-(65-

x)TeO2-(x)Li2O (x = 10,20,30,40,50 mol%) were prepared by the melt-quenching method. 
Appropriate amounts of high purity powders of vanadium (V) oxide (V2O5, 99.99% purity, Sigma 
Aldrich), tellurium dioxide (TeO2, 99.995% purity, Sigma Aldrich) and lithium carbonate (Li2CO3, 
99.997% purity, Sigma Aldrich) were mixed and ground continuously using a mortar and pestle 
set to achieve good homogeneity. The powders were then placed in a ceramic crucible and heated 
at a temperature of 1000°C in a box furnace for 1 hour. The melt mixture was quickly poured in a 
stainless steel mold and annealed at 250°C for 3 hours. Then, the glass samples were polished 
using fine sand paper to produce parallel opposite surface for ultrasonic velocity measurements.  
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2.2 Characterization of samples 
 
The amorphous nature of the glass samples was confirmed by X-Ray Diffraction (XRD) 

using X’Pert Pro Panalytical diffractometer. The density (ρ) of the glass samples was determined 
by the Archimedes method using xylene as the immersion liquid. The calculation was done using 
the equation below:    

                                                                   (1)
 

 
where W is the glass sample weight in air, Wb is the glass sample weight in xylene and ρb is the 
density of xylene (0.865 g/mL). 
 After grinding all the samples into powder form, the glass transition temperature (Tg) of 
these samples were determined by differential scanning calorimetry (NETZSCH, DSC 200 F3) at a 
heating rate of 10 ˚C/min. Infrared (IR) absorption spectra of the samples were obtained using 
Perkin Elmer model Spectrum One FTIR spectrometer. Each powdered sample was mixed with 
KBr in a ratio of 1:100 and ground using an agate mortar and pestle set to obtain well-mixed 
powder. Then, the mixture was placed in a die-set and pressed under ~10–15 tons of pressure for 
several minutes to create a uniform pellet using a hand-press equipment. The characteristic IR 
absorption spectra for the sample were then detected by putting the pellet in an IR 
spectrophotometer operated in double-beam mode. The spectrometer was set in the wave number 
range of 400-1600 cm-1 with a resolution of 16 cm-1 to measure IR transmission through the 
sample. The infrared spectra was corrected for dark current noises and the resulted spectra were 
deconvoluted to get information about the structural changes of the basic units in these glasses 
[20,61]. The deconvolution process was repeated iteratively for best results [62]. 
 Both ultrasonic longitudinal and shear velocities at 5MHz have been measured by 
applying the pulse-echo overlap technique at room temperature using Matec model 7700 ultrasonic 
system. All the related elastic moduli were calculated using the equations below: 
 
Longitudinal modulus,   

                                                                (2) 
 
Shear modulus,   

 
                                                     (3) 

 
The bulk modulus (K), Young’s modulus (Y), Hardness (H), and Poisson’s ratio (σ) are given by 
the following equations: 
 

                               (4) 
 






e

e

K

K
Y

3

9
                                                                   (5) 

                                                                  (6) 

 

                                                                 (7) 

 
 
 
 
 









3

4
Le CK



94 

3. Results and analysis   
 
The room-temperature powder X-ray diffraction patterns of 35V2O5-(65-x)TeO2-(x)Li2O 

(x = 10-50 mol%) samples are shown in Fig.1. Analysis of XRD spectra for all samples showed no 
crystalline peaks indicating amorphous nature of all the samples. Table 1 gives the value of density 
(ρ), molar volume (Va), glass transition temperature (Tg), and ultrasonic velocities (vL and vS) for 
all samples. The composition dependence of ρ and Va of the present glass samples are shown in 
Table 1 and Fig. 2. The molar volume (Va) was be calculated from the density data using the 
relation Va = M/ρ [57] where M is the molecular weight of the glass. It can be observed that ρ and 
Va decreases gradually with the increase of Li2O content in the glass compositions. From the 
figure, the ρ decreased from 4266 kg m-3 for x = 10 mol% to 3439 kg m-3 for x = 50 mol% while 
the Va decreased from 3.62x10-5 m3 /mol for x = 10 to 2.98x10-5 m3 /mol for x = 50 mol%. Similar 
changes has been previously reported in 20ZnO-(80-x)TeO2-(x)Li2O [28] and (1-x)V2O5-2TeO2-
(x)Li2O [63] glass systems.  

  
 

Fig. 1: XRD pattern of the 35V2O5-(65-x)TeO2-(x)Li2O  
(x = 10, 20, 30, 40, 50 mol%) glass samples. 

 

 
 

Fig. 2: Density (ρ) and molar volume (Va) of the 35V2O5-(65-x)TeO2-(x)Li2O  
(x = 10, 20, 30, 40, 50 mol%) glass samples. 
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Table 1. Values of molar volume (Va), density (ρ), longitudinal velocity (ѵL) and shear velocity (ѵS) of 
35V2O5-(65-x)TeO2-(x)Li2O (x = 10, 20, 30, 40, 50 mol%) glass samples. 

 
x Va ρ Tg vL vS 
(mol%) (m3 /mol) x 10-5 (kg m-3) (˚C) (km s-1) (km s-1) 

± 0.01 ± 3   ± 0.01 ± 0.01 

10 3.62 4266 238.5 3.51 2.13 
20 3.45 4101 241.0 4.09 2.27 
30 3.27 3927 234.4 3.97 2.26 
40 3.11 3708 226.0 4.17 2.29 
50 2.98 3439 214.6 4.32 2.37 

 
 

Table 2 shows the calculated values of longitudinal modulus (CL), shear modulus (µ), bulk 
modulus (Ke), Young’s modulus (Y), hardness (H) and Poisson’s ratio (σ) of the samples calculated 
using Eqs. (2) to (7). The values of longitudinal modulus (CL), shear modulus (µ), bulk modulus 
(Ke) and Young’s modulus (Y) showed an initial increase from x = 10 to 20 mol%. Fig. 3 shows 
the percentage change in shear and longitudinal (vS and vL) velocities with Li2O content at room 
temperature. Shear and longitudinal velocities showed initial increase at x = 20 mol% by 6.57% 
and 16.52%, respectively. Addition of x = 30 mol% Li2O caused a slight decrease in vS and vL 
which increased back with further addition of Li2O. 

 
Table 2. Values of longitudinal modulus (CL), shear modulus (µ), bulk modulus (Ke), 

Young’s modulus (Y), hardness (H) and Poisson’s ratio (σ) of 35V2O5-(65-x)TeO2-(x)Li2O 
(x = 10, 20, 30, 40, 50 mol%) glass samples. 

 

x CL µ Ke Y H σ 
(mol%) (GPa) (GPa) (GPa) (GPa) (GPa) 

± 0.4 ± 0.2 ± 0.6 ± 2 ± 0.2 ± 0.005 

10 52.5 19.3 26.7 47 3.8 0.21 
20 68.8 21.1 40.8 54 3.1 0.28 
30 62.0 20.0 35.2 51 3.2 0.26 
40 64.4 19.4 38.5 50 2.8 0.28 
50 64.3 19.4 38.5 50 2.8 0.28 

 
 
 Fig. 4 shows the behaviour of independent modulus CL and µ with Li2O content. 
Longitudinal modulus (CL) showed a larger increase at x = 20 mol% compared to shear modulus 
(µ). Detailed analysis showed that at x = 20 mol%, CL increased by 16.4 GPa compared to µ which 
increased by only 1.8 GPa indicating the dominance of CL compared to µ during the initial 
increase. On the other hand, µ showed a gradual drop from x = 20 mol% to x = 50 mol% of Li2O 
content. However, CL did not showed any decrease throughout addition of 30-50 mol% Li2O. 
Meanwhile, Fig. 5 shows the behaviours of bulk modulus (Ke) and Young’s modulus (Y). The 
behaviours of the Ke and Y were generally similar to the behaviours of the independent moduli, CL 
and µ as shown in Fig. 4. The bulk modulus (Ke) showed an initial increase by 14.1 GPa at x = 20 
mol% (Fig. 5). This behavior of Ke can be understood by the behavior of CL and µ through Eqs. (2) 
and (3), respectively. Meanwhile, Young’s modulus (Y) showed an initial increase of 7.2 GPa at x 
= 20 mol% (Fig. 5). Overall, bulk modulus (Ke) and Young’s Modulus (Y) showed similar 
behaviors with CL and µ. An exception for Y is however at x = 30 and x = 50 mol% where Y 
maintained its value above that of x = 10 mol% Li2O.  
 Fig. 6 shows infrared (IR) absorption spectra for the 35V2O5-(65-x)TeO2-(x)Li2O (x = 10, 
20, 30, 40, 50 mol%) glasses in the frequency range from 400-1600 cm-1. Fig. 7 shows the 
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deconvolution of the spectrum for the x = 50 mol% glass sample. Five major IR absorption bands 
were observed i.e. at 465-494, 610-659, 766-789, 923-979 and 1032-1215 cm-1. The band at 465-
494 cm-1 and 610-659 cm-1 are assigned to the TeO4 trigonal bipyramid (tbp) [13,38,64] while the 
band at 766-789 cm-1 is assigned to the TeO3 trigonal pyramid (tp) group [28,65]. The IR 
frequency peaks at 923-979 cm-1 and 1032-1215 cm-1 are assigned to VO4 tetrahedra group [21,65] 
and VO5 trigonal bipyramids (tbp) group [21,65], respectively. The intensity for the TeO4 and VO5 
assigned peaks increased with increasing Li2O from x = 10 mol% to x = 20 mol% but decreased 
for x > 20 mol% while the 1032-1215 cm-1 band shifted to lower wavenumbers. On the other hand, 
the intensity of the TeO3 and VO4 assigned peaks shows a decrease at x = 10 mol% to x = 20 mol% 
but increased for x > 20 mol%. Variation of the glass transition temperature (Tg) is tabulated in 
Table 1. The values of Tg (Fig. 8) increases from 238.5 ˚C (x = 10 mol%) to 241.0 ˚C (x = 20 
mol%) but further addition of Li2O caused a decrease from 234.4 ˚C (x = 30 mol%) to 214.6 ˚C (x 
= 50 mol%).  
 
 
 

  
 

Fig. 3: Plot of percentage change in velocity (%) with change in Li2O content 
 

 
 

Fig. 4: Plot of longitudinal modulus (CL) and shear modulus (µ)  
with change in Li2O content. 
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Fig. 8: DSC curves for 35V2O5-(65-x)TeO2-(x)Li2O  
(x = 10, 20, 30, 40, 50 mol%) glass samples. 

 
 
Hardness (H) computed using Eq. (6) (Fig. 9) shows a gradual decrease with addition of Li2O. Fig. 
9 shows variation of Poisson’s ratio (σ) with Li2O where σ showed an increase from x = 10 mol% 
to x = 20 mol% and then remained almost unchanged until x = 50 mol%. 
 The computed bulk modulus based on bond compression model, Kbc for a glass network 
gives a good approximation to the ideal compressibility [59]. For a three dimensional structural 
network, Kbc can be calculated from the equation:  
 

9

Frn
K

2
b

bc                          (8) 

 
where r is the bond length, F is the stretching force constant, and nb is the number of 
 network bonds per unit volume of the glass and is given by 
 

a

Af
b V

Nn
n                                                (9) 

 
where NA is Avogadro’s number, nf is the number of network bonds per unit glass formula, and Va 
is the molar volume. The calculated stretching force constant F is given by 
 

3

7.1

r
F                                                      (10) 

 
 For different types of network bonds i, Eq. 8 can also be written as [60]:  
 

 i
i

f
a

a
bc Frnx

V

N
K  2

9
                       (11) 

 
where x is mole fraction of the component oxides i and F is the stretching force constant. 

 The average ideal crosslink density ( Cn ) of the glass network based on the bulk 

compression model is given by [33] 
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where nC is the number of crosslink per cation (number of bridging bonds per cation minus two in 
oxides i ), NC is the number of cation per glass formula unit and   is the total number of cations 
per glass formula unit. 
 The average ring size (ℓ), defined as the ring perimeter (number of bonds times the bond 
length divided by π) is given by 
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where F is the average stretching force constant which is given by       
 
 


if

if

xn

Fxn
F

                                                             (14) 
 
where x, nf, and F were defined previously. 
 Values of stretching force constant F (V-O), F (Te-O), and F (Li-O), coordination number 
(nf), crosslink density per cation (nc), and cation-anion bond length (r) of V2O5, TeO2, and Li2O 
oxides are tabulated in Table 3.  
 

Table 3. Coordination number (nf), crosslink density per cation (nc), cation-anion bond length (r), and 
stretching force constant (F) for V2O5, TeO2 and Li2O oxides. 

 
Oxide nf nc r (nm) F (N m-1) References 

V2O5 5 3 0.183 277 [29] 
TeO2 4 2 0.199 216 [30] 
Li2O 4 2 0.159 243 [31] 

 

 Table 4 gives the values of the computed (Y/µ) ratio, average stretching force constant 
( F

), calculated value of bulk modulus (Kbc), ratio of (Kbc/Ke), number of bond per unit volume (nb), 

average ring size (ℓ), and average crosslink density ( Cn ). Our analysis showed that Kbc increase 

from 69.3 GPa (x = 10 mol%) to 75.5 GPa (x = 50 mol%) with increasing Li2O content.
 Table 4 also shows that the Kbc/Ke ratio drops from 2.60 (x = 10 mol%) to 1.74 (x = 20 mol%) and 

2.06 (x = 30 mol%) to 1.93 (x = 40 mol%) indicating that ring deformation or bending was slightly 
reduced. Meanwhile, the value of  Kbc/Ke ratio (Fig. 10) increases from 1.74 (x = 20 mol%) to 2.06 
(x = 30 mol%) and 1.93 ( x = 40 mol%) to 1.96 (x = 50 mo%). 

 Moreover, the average ideal crosslink density ( Cn ) was found to decrease from 2.48 (x = 

10 mol%) to 2.38 (x = 50 mol%) with the increase of Li2O content Table 4. The computed average 
size (  ) (Fig. 10) showed a decreasing trend from 0.544 (x=10 mol%) to 0.489 (x = 20 mol %) 
and from 0.509 (x = 30 mol%) to 0.499 (x=40 mol%) which is quite similar trend decreasing 
behavior of Kbc/Ke. 
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Fig. 9: Plot of Poisson’s ratio (σ) and hardness (H) with change in Li2O content. 

 
 

Fig. 10. Plot of Kbc/Ke ratio and average ring size (ℓ) with change in Li2O content. 
 
 

 
Table 4. Value of (Y/µ) ratio, calculated value for bulk modulus (Kbc), ratio of (Kbc/Ke), 

number of bond per unit volume (nb), average ring size (ℓ), average stretching force 

constant ( F ), and average crosslink density ( Cn ) of 35V2O5-(65-x)TeO2-(x)Li2O (x = 

10, 20, 30, 40, 50 mol%) glass samples. 
 

x Y/ µ Kbc Kbc/Ke nb ℓ F  Cn  

(mol%)  (GPa)  (x1028 m-3) (nm) (N/m)  

 ± 0.1 ± 0.06 ± 0.04 ± 0.01 ± 0.002   

10 2.417 69.3 2.60 7.24 0.544 243 2.48 

20 2.559 70.9 1.74 7.60 0.489 245 2.45 

30 2.522 72.8 2.06 8.00 0.509 247 2.42 

40 2.569 74.5 1.93 8.41 0.499 250 2.40 

50 2.569 75.5 1.96 8.79 0.500 252 2.38 
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4. Discussion  
 
The decrease in density (ρ) (Table 1) with the increase of Li2O content is possibly due to 

the smaller molecular weight (M) of Li2O (29.88 g mol-1) compared to TeO2 (159.6 g mol-1) in the 
glass composition. As density (ρ) is proportional to the molecular weight (M) of the glass and is 
inversely proportional to the molar volume (Va), it is expected that the ρ and Va should show 
opposite behaviors to each other. However, in the present work, the decrease in Va took place 
together with the decrease in ρ as observed from previous reports for several other oxide glass 
systems [28,63,65]. This indicates that the change in M strongly influenced the change in ρ of the 
presently studied glass system. In general, the decrease in molar volume (Va) can be due to several 
factors such as ionic radius and bond length [66]. From the literature, the bond length of Te-O and 
Li-O are 0.199 nm [67] and 0.159 nm [67], respectively while their respective ionic radii are 2.20 
nm (Te2+) and 0.74 nm (Li+) [67]. These together with differences in the molecular volume 
between of Li2O (14.87 cm3 mol-1) and that of TeO2 (28.15 cm3 mol-1) could also be the reason for 
the reduction in Va.  

 The behaviour of the compositional dependence of the velocity vL and vS can be 
understood by the behaviour of the independent elastic moduli (CL and µ) (Fig. 4) together with 
the variation of density (ρ) as given by Eqs. (2) and (3). An analysis shows that the increase in vL 
and vS at x = 20 mol% (Fig.3) was dominated by the increase in CL (31%) and µ (9%) (Fig. 4) 
rather than the much smaller decrease in ρ (4%). Overall, at x = 10-40 mol% the roughly similar 
trends in behaviors between vL, CL and ρ shows vL was influenced by both CL and ρ but at x = 50 
mol%, the increase in vL was mainly due to ρ. On the other hand, the increasing trend of vS 
between x = 10-20 mol% vS was influenced by both µ and ρ but between x = 30-50 mol%, the 
increase in vS was mainly influenced by ρ. 

   In many oxide glass systems, changes in rigidity and stiffness have been 
attributed to interatomic force constants and increase in network bridging. The initial increase in 
CL and µ at x = 20 mol% (Fig. 4) showed increase in stiffness and rigidity of the glass network 
[68] while the decrease in CL and µ between x = 20 and x = 30 mol% showed stiffness and rigidity 
decreased. However, the larger decrease in CL compared to µ between x = 20 and x = 30 mol% 
indicates a larger decrease in stiffness compared to the decrease in rigidity. In addition, at x = 20 to 
x = 50 mol% the gradual drop in µ indicates that the glass network gradually loses the gained 
rigidity and almost leveled with rigidity of x = 10 mol%. In contrast, the elastic longitudinal 
modulus (CL) showed maintained stiffness throughout addition of 40-50 mol% of Li2O. On the 
other hand, the behavior of bulk modulus (Ke) can be understand from Eq. (4) since Ke is related to 
CL and µ. The observed initial increase in Ke at x = 20 mol% (Fig. 5) is related to the increase in CL 

(16.4 GPa) which was much larger compared to the increase in µ (1.8 GPa) (Fig. 4). In fact, the 
behavior of Ke for x > 20 mol% is also quite similar to that of CL (Fig. 4) indicating strong 
influence of CL on Ke.  

 Our FTIR results (Fig. 6) shows formation of bridging oxygen (BO) as well as 
non-bridging oxygen (NBO) which seem to contribute to the elastic behavior above. The increase 
in intensity of TeO4 and VO5 assigned peaks at x = 10-20 mol% indicates increasing BO while at 
the same time the decrease in intensity of TeO3 and VO4 assigned peaks indicates decreasing 
NBO. On the other hand, the increase in intensity of TeO3 and VO4 assigned peaks between x = 
30-50 mol% which was accompanied by the decrease in intensity of TeO4 and VO5 assigned peaks 
indicate increases in NBO and decrease in BO, respectively. Therefore in the present study, 
formation of more BO compared to NBO can be the reason for the increase in stiffness above and 
vice versa. Our suggestion above is further supported by the variation of glass transition 
temperature (Tg) results. The increase of glass transition temperature (Tg) at x = 10-20 mol% 
(Table 1) implies decrease in non-bridging oxygen (NBO) while the decrease of Tg for x = 30-50 
mol% indicates the increase in NBO (Fig. 8). Our results for x ≥ 30 mol% indicate not only the 
opening up of the glass network as previously suggested [40] due to creation of NBO but also an 
accompanying decrease in rigidity in the mainly electronic region. It is now understood that 
besides structural changes, the elastic environment underwent drastic transformation leading to a 
more conducive surrounding for ionic conduction at higher Li2O content. 
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 Poisson’s ratio (σ) is defined by the ratio of the transverse (lateral) to the 
longitudinal (axial) strain produced when tensile force is applied [69] and σ is affected by a change 
in the crosslink density of a glass network. Ideally, replacing TeO2 glass former with Li2O should 

reduce the average crosslink density ( Cn ) (Table 4) and increase σ but the almost constant 

experimental value of σ between x = 20-50 mol% (Fig. 9) indicates that there may not be much 
change in the actual crosslink formation. Interestingly, although our results (Fig. 9) which showed 
an increase in σ indicates reduction in cross-linking, addition of 20 mol% Li2O still caused an 
increase in both CL and µ (Fig. 4). This may possibly be due to the higher stretching force constant 
of Li-O compared to that of Te-O (Table 3). On the other hand, the generally opposite behaviors of 
hardness (H) and Poisson’s ratio (σ) (Fig. 9) indicate the decrease in H from x = 10 to x = 50 mol% 
(Fig. 9) is related to the decrease in cross-linking of the network which increased the ease to 
eliminate free volume in the glass. 

Our analysis of the experimental results using bulk compression dan ring deformation 
models [59] which showed higher calculated value of Kbc compared to Ke indicates that the actual 
compression mechanism is slightly different from the ideal compression mechanism [40]. In the 
present work, the drop in Kbc/Ke from 2.60 (x =10mol%) to 1.74 (x = 20 mol%) (Fig. 10) 
indicates that ring deformation or bending was reduced with addition of Li2O. Meanwhile, the 
slight increase in value of  Kbc/Ke ratio from 1.74 (x = 20 mol%) to 2.06 (x = 30 mol%) before 
dropping to 1.93 (x = 40 mol%) and later increase slightly to 1.96 (x = 50 mol%) indicates 
variation in ring deformation. On the other hand, average ring size (ℓ) which showed similar 
behavior to Kbc/Ke (Fig. 10) indicates the ring size was reduced with addition of 20 mol% Li2O 
before slightly increasing with further addition of Li2O. However, our Kbc/Ke value of around 2 
suggests that although there were some deformations or bending taking place during compression, 
the main compression mechanism was still mainly isotropic ring compression. 

 

 
5. Conclusions 
 
Effect of glass network modification on elastic properties of 35V2O5-(65-x)TeO2-(x)Li2O 

glass system was studied. At Li2O addition of x = 20 mol%, the initial increase in both longitudinal 
(vL) and shear (vS) velocities, independent longitudinal (CL) and shear (µ) moduli and other related 
moduli are suggested to be due to the increase of BO which enhanced network linkages. Further 
addition of Li2O at x > 20 mol% caused a decrease in both CL and µ (Fig. 4) due to the increase in 
NBO. Our suggestion was supported by FTIR analysis and glass transition temperature (Tg) results 
of the samples. The decrease in Kbc/Ke ratio, derived from the bulk compression model, indicates 
that deformation of the glass network rings under isotropic compression was reduced upon Li2O 
addition. 
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