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ABSTRACT 

Glasses of the system x (SnO) (50-x)PbO : 50V2O5 were prepared by melt quenching in the range x = 0 mole% to 

15 mole%. Measurements are reported for dc electrical conductivity for the above compositions in the temperature range 

300K - 500K. The experimental results are analyzed with reference to various theoretical models proposed for dc 

electrical conduction in amorphous semiconductors. The analysis shows that at high temperatures the temperature 

dependence of dc conductivity is consistent with Mott's model of phonon - assisted hopping conduction, variable range 

hopping mechanism and Schnakenberg's model mechanism. The hopping in this system is of an adiabatic in nature.  
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1. INTRODUCTION 

In view of their potential applications, research on amorphous semi-conductors in thin film or bulk form has been 

receiving increased attention.   Semi-conducting oxide glasses like lead vanadate have also been studied to a considerable 

extent.   In addition to their potential application, basic understanding of the physical properties of these materials is itself 

of great fundamental importance.   Considering the enormous variation in the composition of these glasses the scope for 

research is also very wide.   Of late in this laboratory lead metavanadate has been identified as a suitable glass system 

whose physical properties show considerable variations due to the influence of the substitution of different metal oxides 

in the place of lead oxide. In the conventional silicate based glasses electrical conduction takes place due to ionic 

transport.  In semi-conducting glasses the electrical conduction is due to the transport of electrons.   The research in 

understanding the structural and physical properties of glasses in general and semi-conducting glasses in particular has 

increased considerably due to the potential applications perceived for semi-conducting glasses (E.  Owen, et al.,1973; 

P.W. Anderson et al., 1958; N.F. Mott, et al 1966).  These glasses are known to contain V4+ and V5+ ions and conduction 

is attributed to hopping of a 3d1 electron from V4+ to V5+ site (N.F. Mott et al., 1967; H.L. Frisch et al., 1960; I.M. 

Lifshitz et al., 1964; M.H. Cohen et al., 1969; E.A. Davis et al., 1970; N.F. Mottet al., 1972).  Among vanadate glasses 

PbO: V2O5 has received greater attention because of its wider glass-forming region in the phase diagram (J.M. Marshal et 

al., 1971).   The PbO: V2O5 in 1: 1 molar ratio is at the eutectic composition giving a stable metavanadate (PbV2O6) 

crystalline phase with known crystal structure (R.A. Street et al., 1975).  The lead metavanadate phase in glass as well as 

in crystalline forms were subjected  to several studies using Electron Spin Resonance (ESR) (N.F. Mott et al., 1975),   

magnetic susceptibility (N.F. Mott et al., 1979) , thermodynamic measurements, electrical properties  .  

The present paper contributes the results obtained in the dc electrical conductivity measurements carried out on 

PbO: V2O5 glass system chosen at 1:1 composition in which PbO was systematically replaced by SnO. Recently Ramesh 

et al reported dc conductivity measurements of ZnO and CuO substituted lead vanadate glass samples (S.R. Ellioit et 

al.,1984; P Tejeswara Rao et al., 2012 ).    Sen and Ghosh (K.V.Ramesh et al., 2006) studied electrical conduction of 

calcium vanadate glasses in 80K – 500K.  It has been found that the multi-phonon assisted hopping model of small 

polarons in the non-adiabatic regime can be used to interpret the conductivity data in these systems.  Bhattacharya and 

Ghosh (S. Sen   et al., 1999)   studied electrical properties of a semi-conducting silver vanadate glasses in the temperature 

range 93K - 423K. These glasses exhibit much high conductivities when compared to traditional vanadate glasses. In 

these glasses also multi-phonon assisted hopping model of small polarons in the non-adiabatic regime was found to be 

consistent with the temperature dependence of conductivity in the entire temperature range.  High field and high pressure 

behavior of   x (CuO): (45-x)PbO: 55V2O5 (x = 0 to 20 mole%) glasses were investigated by (Vaidhyanathan et al.,2002) . 

These glasses with x =15mole% were found to be showing a threshold type behavior. Even though a revised phase 

diagram has been given for (100 -x) PbO: x V2O5  (x = 0  to 100  mole%) system (M. Amadori, et al., 1917) the 

commonly accepted phase diagram is the one given by (Amodori et al.,1982) . According to these phase diagrams the 

equimolar ratio 50PbO: 50V2O5 of the compound forms the eutectic composition with eutectic melting at 480C. In the 

present studies, 1:1 molar ratio i.e., eutectic composition has been chosen for PbO:V2O5 glass system.  SnO have been 

http://www.ijrpb.com/


National Conference on Advanced Functional Materials and Computer Applications in Materials Technology 
(CAMCAT-2014) 

Indian Journal of Research in Pharmacy and Biotechnology               ISSN: 2320-3471 (Online); 2321-5674 (Print) 

IJRPB Special Issue 1: December 2014                                                   www.ijrpb.com      Page 16 

added to the above composition replacing equimolar quantities of PbO.  It is our belief that if the substituent replaces PbO 

without grossly affecting the glass network the eutectic behavior should be maintained.   In order to verify if the materials 

formed are perfectly vitreous X-ray diffraction techniques were employed.  DSC studies were carried out in order to 

understand the thermal behavior of the samples.  

MATERIALS AND METHODS 

Reagent grade V2O5, PbO and SnO (E. Merc, Germany) were used in the samples preparation.  Samples of x 

(SnO) (50-x) PbO: 50V2O5 have been prepared by varying x from 0 to 15 mole%.  The chemicals were melted in glazed 

silica crucibles at 1273 K in uniform temperature zone of an electrically heated furnace.  The melts which were 

periodically stirred to achieve homogeneous mixing, were quenched on a large stainless steel block containing 6mm 

diameter hole. The disk shaped samples were annealed for 2 h at 423 K under transition temperature. The samples were 

ground into fine powder for X-ray and Differential Scanning caloriemetry  (DSC) studies. X-ray studies were carried out 

on a Seifert X-ray powder diffractometer utilizing Cu K radiation and a curved graphite monochromator. Differential 

Scanning caloriemetry studies were carried out on Perkin – Elmer DSC 7.  The concentrations of V4+ and total vanadium 

ions were estimated from the redox titrations, from which C is the ratio of the concentration of the V4+ to the 

concentration of the total vanadium ions can be determined.  A 200Å thick gold coating was deposited on the both 

surfaces of the samples by vacuum evaporation, to serve as the conductive layer.  dc electrical conductivity studies were 

carried out using a two-probe technique in the temperature range of    300K - 500K. 

3. RESULTS AND DISCUSSION 

The X-ray diffractogram of the glass system shows that the prepared sample is perfectly amorphous and is given 

in Fig.1.   

 
 

Figure.1.X- ray diffractogram of 50PbO : 50 V2O5 glass 

system 

Figure.2. DSC Spectra of  50PbO : 50V2O5 System 

  

The DSC pattern obtained for this glass system is shown in Fig.2. The Tg and Tc values are in agreement with those 

reported in literature using DTA studies by (Baiocchi et al., 1954) Mandal and Ghosh [24] and those reported by Ramesh 

et al. (Ghosh et al., 1986; K.V Ramesh et al., 2000,2006) shown in the Table.1. 

 It has been observed by (Baiocchi et al., 1954) that the first crystallization peak at 300ºC corresponds to 

spontaneous transformation  of  a  part  of the amorphous phase  into  crystalline lead pyrovanadate or β lead 

pyrovanadate depending on the nature of metal block on which the quenching took place.   The exothermic peak around 

400ºC is supposed to be due to the formation of a homogeneous crystalline phase which was identified as lead 

metavanadate. Literature data shows that at about 500ºC the melting of lead metavanadate occurs.   In our present studies, 

the two crystallization peaks may indicate the presence of the above two phases in the amorphous state.   The 

endothermic peak corresponding to the melting point at 500ºC could not be observed in the present studies as our DSC 

instrument did not reach/exceed 500ºC. 
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Table.1.Glass transition temperature, crystallization temperature and melting temperature of lead metavanadate 

glass reported in different studies 

Tg oC Tc
 oC Tm

 oC Reference 

242 300, 400 480 Baiocchi et.al. [21] from DTA studies 

241 300,412 500 (K.V Ramesh et al.,1986)from DTA 

studies 

265 320, 380 499 (Mandal,1986) from DTA studies 

260 320,465 - Present DSC studies 

There seems to be a gradual variation in Tg in the range of 670C to 870C as SnO concentration is increased from 5 mole % 

to 15 mole % as seen in Table.3.   Besides there seems to be two crystallization peaks corresponding to higher 

concentration of SnO substitution.  These studies indicate that as SnO substitution is increased there is an increase in the 

number of phases present in the 15% of SnO substitution system. 

 
Figure.3.X- ray diffractogram of 50PbO : 50 V2O5 devitrified  system 

 

  

 
Figure.4. X-ray diffractograms of xSnO (50-x) PbO : 50 V2O5 glass system (a) x = 5 mol %       (b) x = 10 mol %      (c) x = 15 

mol % 
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But we believe that the eutectic melting temperature of 500ºC is present in our system also.   Besides it was reported that 

meta-stable phases like lead pyrovanadate and β lead pyrovanadate transform to the stable lead metavanadate in the 

samples annealed at 400ºC.   This was confirmed by our XRD studies on the sample annealed at 400ºC for nearly four 

hours.   The X-ray diffractograms of the crystalline samples shown in Fig. 3 are characteristic of lead metavanadate.   The 

corresponding d values are given in Table 2. The X-ray diffractograms showing perfect amorphous nature of the samples 

are shown in Fig.4.   The DSC patterns for these glass system are shown in Fig. 5.   These DSC patterns are found to be 

different when compared to the un-substituted system. 

 

Table.2.Observed d-spacings for 50 PbO : 50 V2O5 devitrified  system 

2 θ d/Å  Intensity (relative) 

16.70 5.31 37.96 

19.50 4.55 52.97 

28.20 3.16 100 

29.65 3.01 41.64 

30.95 2.89 61.19 

32.35 2.77 23.8 

34.80 2.58 24.36 

39.70 2.27 25.21 

41.95 2.15 45.04 

42.80 2.11 23.51 

43.80 2.07 22.95 

45.25 2.00 24.08 

47.05 1.93 30.88 

48.80 1.87 27.76 

49.80 1.83 24.65 

53.90 1.70 26.35 

58.10 1.59 34.84 

 

 
Fig. 5. DSC Spectra of  (50-x) SnO   50PbO : 50V2O5 System. (a) x = 5 mol %  (b) x = 10 mol %   (c) x = 15 mol % 

 

Table.3.Compositions, glass transition temperature, crystallization temperature and melting temperature of SnO 

substituted lead vanadate glass 

Glass composition (mole%) Tg Tc 

V2O5 PbO SnO (C) (C) 

50 45 5 76 260 

50 40 10 67.5 283 

50 35 15 87.5 222 , 225 

The lattice parameters of known stable and meta-stable phases of lead metavanadate and lead pyrovanadate are given in 

Tables 4 and 5. 
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Table.4.Crystallographic data of lead metavanadate polymorphs PbV2O6 

Compound Space group Z a       (Å) b        (Å) c        (Å) o Ref 

PbV2O6(I) Pnma 4 9.771 3.684 12.713 - (Ghosh et 

al., 1986) 

PbV2O6 (II) C2/m 4 15.525 3.696 9.436 110.44 (Baiocchi 

et al., 1954 

PbV2O6 (III) C222 4 8.273 12.422 7.685 - (Baiocchi 

et al., 

1954) 

 

Table.5.Crystallographic data of lead pyro vanadate polymorphs Pb2V2O7 

Compound Space group Z a  (Å)  (o) b (Å) (o) c (Å)  (o) Ref 

 - Pb2V2O7  Not available 

 - Pb2V2O7  Triclinic - 9.468 (85.57) 3.521  (127.98) 6.045  (97.93) (Ghosh et al., 

1986) 

Pb2V2O7  P21/a 4 13.3689 7.1607 (105.93) 7.102 (K.V Ramesh, 

2000) 

 

Different theoretical models (K.V Ramesh et al., 2006; N.F Mott, 1968; I.G Austin et al., 1969; A.R Long et al., 1982; 

S.R Elliott, 1987) have been proposed for electrical conduction in amorphous semi-conductors.  Most of the models are 

concerned with the mechanism of polaron and phonon interaction and how the temperature dependence of conductivity 

can be explained. 

 Mott has proposed a model according to which conduction takes place between localized states because of small 

polaron hopping assisted by lattice phonons. 

The DC conductivity is given by 
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for hopping between nearest neighbors at temperature T > D/2 where    0  is the longitudinal optical phonon frequency, 
R  is the average site separation, -1 is  the spatial decay parameter for s-like wave function assumed to describe the 

localised state at each site, C is  the ratio of the concentration of TMI in low valence   state to the total TMIconcentration. 

(i.e. the fraction of sites occupied by the polaron)W is the activation energy for DC conduction and Dis the Debye 

temperature  given by h0 = kB D. Assuming that a strong electron-phonon interaction exists the activation energy W is 

given by W  =  WH + (WD/2)  for T > D/2 where WH  is the polaron hopping energy given  by WH   Wp/2, Wp is the 

polaron binding energy, and WD is disorder energy arising from the variation of the local arrangement of ions. 

The activation energy W   WD for T < D/4.When the tunneling term exp (-2R)  1, the adiabatic limit is obtained. At 

lower temperature (T < D/4) where the polaron binding energy is considerably small, the disorder energy WD plays a 

dominant role in the conduction mechanism.  In such a case Mott and Austin have proposed that hopping may occur 

preferentially beyond nearest neighbors (with same WD) which is called variable range hopping.    

The temperature dependence of DC conductivity can be expressed as 
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where N (EF) is the density of states at the Fermi level. 
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          The value of polaron radius rp  is obtained from the following formula given by (Bogomolov et al.,1968) for the 

case of a  non-dispersive system of frequency 0 

rp =  
6

1
3
  R/2 

Schnakenberg has considered a more general polaron hopping model in which optical multiphonon processes determine 

the DC conductivity at high temperatures, while at low temperatures charge transport is described by acoustical one 

phonon assisted hopping process. The expression for the DC conductivity is given by 
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This equation predicts a temperature dependent hopping energy which decreases with the decrease of temperature. 

 Amorphous nature of all prepared samples was confirmed by using X-ray diffraction.   The parameters like 

density, the estimated concentrations of V4+ and its ratio to total vanadium concentration C, along with average site 

separation R for Sn substituted samples are given in Tables 5. The logarithmic DC conductivity (log ) as a function of 

reciprocal of temperature for the three samples of  different values of x (the molar fraction of the dopant are given in 

Fig.6.  

 One interesting feature is that the conductivity for the substituted systems shows some non-linearity around room 

temperature ( 300K).   The plots assume linearity at temperatures considerably higher than the room temperature.  The 

conductivity plot for the un-substituted (50 PbO: 50V2O5) lead metavanadate glass system is more linear.  The slopes of 

the conductivity curves for the SnO substituted systems are less pronounced when compared to that of the pure 

metavanadate glass system. The parameters like the activation energy W, spatial decay constant for electron wave 

function  obtained by fitting the linear portion of the conductivity curves to Mott’s phonon assisted polaron hopping 

model are given in Table 6. An estimate of the polaron radius rp is obtained using the equation given by (Bogomolov et 

al., 1968).  Even though this is an over simplified expression this has been widely used in literature to obtain an estimate 

of polaron radius and the extent of its localization.  The values of rp are also given Table 7. 

 

Table.6.Composition, density, concentration of V4+, total vanadium ions and their ratio and average vanadium site 

separation in SnO substituted lead vanadate glass 

Glass composition (mole %) Density [V4+] N C= R 

V2O5 PbO SnO (gm/c.c) 1021/c.c 1022/c.c (V4+/N) (Å) 

50 45 5 4.726 0.208 0.29 0.0717 7.02 

50 40 10 5.12 0.276 0.696 0.0396 5.24 

50 35 15 5.23 0.292 1.089 0.0268 4.519 

 

 

Figure.6. Temperature dependence of the logarithmic conductivity of xSnO(50-x) PbO : 50 V2O5  glass system■, x = 5 mol 

%;  , x = 10 mol %;  ▲, x = 15 mol % 
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          While fitting the conductivity data to Mott’s model, it has been found in literature [3-4] that for a given series of 

glass compositions a plot of logarithm of conductivity at a given experimental temperature as a function of the activation 

energy at that temperature is a straight line if hopping is adiabatic.   If the straight-line pattern is not obtained, the hopping 

is supposed to be non-adiabatic(S. Mandal et al., 1996; A.Ghosh, 1990).  Such plots of log  vs activation energy at a 

given experimental temperature are obtained for all the glass compositions as shown in Fig 7   As it can be seen from 

these figures in which SnO substituted samples the hopping is an adiabatic in nature. The conductivity at a given 

temperature increases as SnO concentration increases.  But as can be seen from Table 6 as SnO concentration increases 

V4+ ion concentration also increases.   Hence the increase in conductivity can be attributed to increase in Sn ion 

concentration.  The conductivity can be considered to be mainly electronic in origin.   

  

Table.7.Parameters obtained by fitting the high temperature data to Mott’s model for  SnO substituted lead 

vanadate glasses 

Glass composition (mole %) W  rp 

V2O5 PbO SnO (eV) (A-1) (Å) 

50 45 5 0.4166 2.65 2.83 

50 40 10 0.410 3.43 2.11 

50 35 15 0.373 3.42 1.82 

 

 

Figure.7.A plot of logarithmic conductivity versus activation energy at 300K for   xSnO (50-x) PbO : 50 V2O5 

glass system for different compositions 
For SnO substituted glasses activation energy for conductivity which is higher when compared to the un-substituted 

50PbO : 50V2O5  glass system. It can be seen from Table 7 that as more SnO is substituted there is a increase in V4+ ion 

concentration and  the conductivity increases.   This indicates that Sn ions play an important role in the conductivity 

process in these systems.  

4. CONCLUSIONS 

The following conclusions can be drawn in the present studies on SnO substituted lead metavanadate glass 

systems whose compositions are given below: 

x (SnO) : (50 - x)  PbO : 50 V2O5 

Where x = 5, 10 and 15 mole% 

       Perfect devitrification has been achieved for all the glass samples even by using the technique of melt quenching 

on a stainless steel block probably because small quantities ( 2 gm) of the samples were prepared each time.   Choice of 

smaller quantities must have facilitated faster heat dissipation and higher rates of quenching. 
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DSC recording of the vitrified and x-ray diffraction of devitrified samples indicate the possibility of the formation of 

different stable and meta-stable phases in these glass systems.  

        From the comparison of the calculated d spacing and relative intensities of the known crystalline polymorphs of 

lead metavanadate and lead pyrovanadate with the observed d spacings and relative intensities of devitrified unsubstituted 

lead metavanadate system, it can be said that the most stable phases in these glass systems can have structures similar to 

lead metavanadate (Pnma) and lead pyrovanadate (P21/a).     

       From the nature of DSC recording of SnO substituted samples indicate that as SnO substitution is increased, 

indicating the possibility of formation of different stable or meta-stable phases. Even though this indicates the possibility 

of different meta-stable states forming in these glass systems, x-ray diffractograms of perfectly devitrified samples 

indicate that the most stable state is similar to that of stable lead metavanadate.   

DC conductivity studies of these glass systems indicate that the conduction takes place because of small polaron hopping.   

The present studies indicate that Mott’s variable range hopping model can be applied to these systems at room 

temperature and Mott’s phonon assisted hopping process in the an adiabatic regime is applicable at high temperatures for 

SnO substitution. It has also been observed that Schnackenberg’s generalized polaron hopping model is also   applicable 

to the conduction mechanism in these glass systems. Of the three glass compositions of SnO substituted glass systems are 

characterized by unusually large conductivities.   It has been tentatively proposed that SnO substitution might be giving 

rise to new stable or meta-stable phases which might be modifying the glass network such that highly conductive paths 

for polaron hopping are formed in these systems. An understanding of the reason for the occurrence of such high 

conductivities needs further work in this direction. 
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