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CHAPTER-6

6.1 ELECTRICAL CONDUCTIVITY STUDIES:

6.11 INTRODUCTION:

Electrical conductivity studies of oxide glasses having semiconducting 

nature were carried out by many workers and suggested that the carrier 

mechanism is due to small polarons. [I"7].

Electrical conductivity studies have been carried out on the following 

series of the glass samples.

(1) xK20: (95-x)[2V205:B203]: 5Fe203 

where x=0 to 30 in step of 5 mole %.

(2) 20K2O: yV205: (75-y)B203: 5Fe203 

where y=40 to 75 in step of 5 mole %.

(3) xK20: (100-x-y)[( 1+n)V205:B203]: yFe203 

where x=0 to 20 in step of 5 mole %.

y =5 to 15 mole % in step of 2.5 mole %. 

n = 0.2 to 1 in step of 0.2.

On the basis of Mott's theory the conduction mechanism has been 

discussed in present glass systems.

6.12 SEMICONDUCTING NATURE:

Of the transition metal oxides, which cause semiconductivity in glasses, 

V2Os is unique by being itself as a glass former. Thus, glasses containing 

V205 are of great interest for studying the correlation between electrical 

properties and glass network structure. A number of works have been 
published on glasses containing V2Os [1,2,4,6'8]. In the present work, the effect

176



of glass modifier K2O, glass formers B2O3 and V2O5 on conductivity and 

activation energy has been discussed.

The dc conductivity of the present glasses containing transition metal 

oxide can be expressed by t9"10]

o = ChxV(-2aR)txp(-WlkT) (6.11)
kTR

where v0 is the optical phonon frequency which is assumed as *1013 

Hz[10] for the present glass system, c is the mole fraction of the site occupancy 

by electron. For the V2O5 based glasses c is V^/V,^ [10], e is the electronic 

charge, a is the electron wave function decay constant. The fraction of 

reduced V ions to the total V ions [c=V" 4A^totai] was calculated by the chemical 

analysis (Chapter 3.6)tnl The values of c obtained from the chemical analysis 

are shown in Table 6.11. The value of c for all three glass series are found to 

increase with the decrease of the V2O5 amount. A similar result was also made 

by Ghosh et. al[12] for V205-Bi203 glass system. W, the activation energy was 

calculated by computer fitting the curve between log o and 103/T [Figure 6.11 

(a), (b) and (c)] for all three glass series.

The results of the conductivity measurements as a function of 

temperature in the range 315-433 °K for all different compositions are shown 

in Figure 6.11(a), (b) and (c). The general behaviour of the curve are similar to 

that reported for V2O5-P2O5 glasses [6'7’131, V205-Te02 [14], W03-P205 [15]. The 

log of dc conductivity at any given composition increases linearly with 103/T 

temperature. According to Arrheneous equation^3’91,

cr = cy0 exp(-W/kT) (6.12)

It has been observed from Figure 6.11 (a) that the decrease in the 

conductivity at 100 °C upto 10 mole % of K20 is 64 % and from 15 mole % to 

30 mole % of K20, file conductivity decreases by 96 %. hi the second series 

Figure 6.11(b), upto 60 mole % of V2O5, the conductivity increases by 92 % 

and above 60 mole % of V2O5, the conductivity increase by 76 %, whereas in
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Figure 6.11 (a) : Plot of Logcr versus 103/T for series 1.
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Figure 6.11 (b): Plot of Logo versus 103/T for series 2.
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Figure 6.11 (c): Plot of Logo versus 103/T for series 3.
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series-3, Figure 6.11(c), the conductivity decreases linearly for Fe2(>3= 5 to 20 

mole %. Variation of conductivity is observed in all three series from 10‘5 to 

10'8 fT’crri1 and logcr vs 103/T is linear, which shows the semiconducting 

behaviour of die present glass series. The n-type semiconducting nature of 

these glasses has been confirmed by seebeck measurement (Section 6.3)[,6]. 

Mori and H. Sakata[17'18] reported V205-Sb203-Te02 and V205-Bi203-Te02 

glasses as a n-type semiconductor.

6.13 SMALL POLARON HOPPING:

A small polaron theory has been effectively applied to account for the 

electrical properties of a wide range of transition metal oxide glasses t5'6,19]. 

For polaron to be a small, the polaron radius should be greater than the radius 

of the ion on which the electron is localized but less than the distance R 

separating two sites [8l As it is evident for the present glass systems (Table 

6.11), the value of polaron radius 1.675 A to 1.822 A for 1st series, 1.975 A to 

1.583 A for 2nd and 1.583 A to 1.975 A in 3rd series which are less than the R 

[4.16 A to 4.52 A 3.93 A to 4.90 A and 4.31 A to 4.52 A in 1st, 2nd and 3rd 

series respectively], which satisfies the condition for small polaron hopping. A 

similar types of results were also reported for Si02-V205-P205t9] and PbO- 

P205-V205 glasses[10l It has also been established from the Seebeck 

coefficient measurement (Section 6.3) that the value of a' (a constant of 

proportionality between the heat of transfer and the kinetic energy of electron), 

is much less than the unity i.e., a'«l[11’20], which lies in the range of 0.011 to 

0.0848 for these glasses and supports the conduction for small polaron 

hopping. H. Mori[17J reported a similar kind of results.
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6.14 ADIABATIC CONDUCTIVITY:

Linsley et. al[13]’ Graves et. al.[2I] and Sayer et.al.[6] have suggested that 

the V2O5-P2O5 and W03-P205tl5] glasses follow the adiabatic approximation 

while V205-Te02[22], FeO^Os [23'24] etc., glasses exhibit non-adiabatic 

character. Adiabatic hopping has been observed for Pb0-Si02-Fe203 glass 

system by Anderson R. A. and Mac Crone R. K.[22l

The conductivity of the transition metai oxide glasses is given by 

Equation 6.12 where the pre-exponential term cr0 can be given as

cr„
voe2c(l-c)

kTR
exp(-2 aR) (6.13)

The value of c were estimated from the photometric titration analysis 

(Chapter 3.6). The value of a, the electron wave function decay constant, were 

estimated by knowing the values of c, R and <r0[22]. The calculated values of a 

from Equation 6.13 lie in the range from 4.99 A to 4.39 A, 5.28 A to 4.05 A 
and 4.67 A to 4.39 A for the samples of first, second and third series 

respectively and aR have been calculated which are observed to be constant 

for all the sample compositions. These values of a are also consistent with 

those obtained by Hirashima and Yoshidaf25].

Sayer and Mansinghnoted that a plot of logcr versus activation energy
t,

W at a certain temperature allows one to distinguish between adiabatic and 

non-adiabatic hopping and judge the relative importance of the two 

exponential terms. The calculated temperature, Tc, estimated from the slope 

(1/2,303TC) of such a plot will be close to T if exp(-2aR) term in Equation 

6.12 does not contribute to the conductivity and will be different from T if 

Equation 6.11 is more appropriate, i.e., exp(-2aR) term contributes to the 

conductivity. In this case, aR changes with compositional Figures 6.12 (a), 

(b) &(c) show the plots of logcr versus W at three different temperatures. The
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Figure 6.12 (a): Plot of Logcr versus W(eV) for series 1.

184



Figure 6.12 (b) : Plot of Loga versus W(eV) for series 2.
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Figure 6.12 (c) : Plot of Logcy versus W(eV) for series 3.
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temperature Tc estimated from the slope of each line for all the glass series are 

close to T and aR term remains almost constant irrespective of composition, 

means hopping can be ascribed as adiabatic and the tunneling term a in 

Equation 6.12 does not contribute to the conductivity. MurawasM et. al.t23 and 

Sayer et.al.[6] suggested that in Equation 1, the contribution of a term in the 

conductivity can be also checked by plotting logo- versus W at a fixed 

temperature. They also reported the adiabatic hopping in the V2O5 based 

glasses.

Holstein1263 suggested that the hopping process is controlled by the 

activation energy and is given by the following equations

ll/2

and

J>

J <

~2kTWH '

1/4 ~hva~

n n

~2kTWH 1/4 1

IS
*

0 __
__

_
1

7t 7t

(adiabatic hopping) 

(6.14)

(non-adiabatic hopping)

The value J, the integral overlap function [J «exp(-2aR)] were 

estimated by[27J J = WH(mean) - W. Dhawan et. al.[8] reported the value of J~ 

0.01 eV, which satisfies the criterion for small polaron formation but not for 

adiabatic hopping if vQ is taken as 1013 Hz and also discussed that if calculated 

by talcing 1011 Hz in Equation 6.11, then the right hand side of Equation 6.14 

will become 0.003 eV and condition for adiabatic hopping is satisfied. The 

values of Wh is calculated by usingE28]

WH =
4 sr R

(6.15)

Where vp is polaron radius and R is the average spacing between 

vanadium ions. The value of vp is calculated by[4,283

1 f 7t ^1/3

2{6NJ (6.16)
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Where, N is the site density calculated from density measurements (Chapter 

4.4). The average site spacing, R, between vanadium ions is also calculated 

from density measurements. The value of polaron radius, vp, lie in the range of 

1.58 °A to 1.98 °A and R for all the glass samples lie in the range of «3.93 °A 

to 4.90 °A, which is greater than the estimated value of R (3.60 °A) for V205[5' 

7]. The calculated values of WH lie in the range of 0.312 eV to 0.347 eV (Table 

6.11).

The value of right hand side of the Equation 6.14 were calculated for an 

optical phonon frequency of «1013 Hz. These values lie in the range of 0.0123 

to 0.0128 eV. These values are less than the value of J which lie between 

0.0689-0.255 eV (Table 6.11), satisfying the condition for adiabatic hopping. 
Hirashima et. al.[10] also reported the adiabatic hopping in Pb0-P205-V205 

glasses by assuming the value of hvD equals to 29kJ/mole.

Hence, it can be ascribed that all the glass samples in present glass 

systems exhibit a semiconducting adiabatic hopping due to small polarons.
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6.15 EFFECT OF GLASS MODIFIER K20 ON xK20:(95-x) 

[2V205:B203]: SFezQ,:

Glass modifier plays a very important role for file formation of glasses 

and also has characteristics to change the properties of glasses like electrical 

conductivity, switching etc. The dependence of the glass modifier on the 
conductivity in the glasses has also been studied by many workers f10’ 29"30]. In 

the present glass system, the amount of glass modifier increases from 0 to 30 

mole % whereas, the amount of V2O5 is decreasing with the simultaneous 

decrease of B203. The amount of Fe203 has been kept constant in all the glass 

samples as 5 mole %. Figure 6.13 (a) shows the. dependence of the 

conductivity on the amount of the modifier. As the amount of glass modifier, 

K20, is introduced to the glass structure, it is supposed to go into network at 

interstitial position. In the present glass system, B203 and V205 are taken as 

glass formers, therefore, it may be assumed that K20 by going into B203 and 

V205 network modify and break their structures. Because of the breaking of 

V205 structure, the atomic site spacing between V-V increases. The V-V 

spacing calculated from the density measurements is observed to change from

4.16 °A to 4.52 °A which may not only inhibit the mobility of small polarons 

but also require more energy to hop from one site to another resulting into 

decrease of conductivity from 1.59 x 10"5 to 2.04 x 10‘7 Q^cnf1 (at 100°C) and 

increase of activation energy from 0.407 eV to 0.536 eV. Sanches et. al.[311 

also discussed that the decrease of the conductivity arises from a decrease in 

the mobility of the charge earners as a result of increase of V-V spacing. Thus 

with the increase of K20 amount, the atomic site spacing between V-V is 

found to increase which directly affects the mobility of a charge carrier. Also 
the value of c (V^/Vtotai) is also observed to be dependent on K20 amount 

(Table 6.12). Figure 6.14 (a) shows the plot of log of conductivity cr (at 100 

°C) and activation energy, W, versus V-V spacing. It is found that the
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Figure 6.13 (a): Plot of Logcrwo versus K2O mole % for series 1.
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Figure 6.14(a) : Plot of LogorlOO and W(eV) versus V-V spacing 

for series 1.
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conductivity decreases whereas the activation energy increases with increase of 

V-V spacing. Figure 6.15 represent the variation of activation energy with 

modifier K20. The observed activation energy were found to be slightly 

higher than the values obtained for other V2O5 based glasses [6's,11]. This may 

be due to the presence of B2O3 glass former in these glasses, which does not 

take part in this conduction process. It is also observed from Table 6.12 that 

the decrease in conductivity (at 100 °C), in the samples containing K20 less 

than 20 mole % is 84 % whereas, decrease in the conductivity is observed by 

63.7 % for those which contain K20 greater than 20 mole %. The calculated 

V-V spacing, R, for K20 less than 20 mole % increases by 3.6 % whereas, for 

K20 greater than 20 mole % V-V spacing increases by 4.4 % Thus a greater 

change in the conductivity can be expected for K20 greater than 20 mole % 

because of the larger change in V-V spacing as compared to K20 less than 20 

mole %. But, small change in the conductivity is observed for K20 greater 

than 20 mole %. This may be due to the fact that the Fe2C>3 may also take part 

in the conduction process by the following possible transition between Fe+2- 

Fe+3, Fe+3-Vt4 and Fe+2-Vf5 [32'33l However, the presence of Fe+2 ions has not 

been observed by Mossbauer spectra and /or by chemical analysis 120,343. 

Therefore, the possibility of transition between Fe+2-Fe+3 or Fe+2-Vf5 is ruled 

out. Only transition between Fe+3-V+4 may be considered which may help in 

enhancing the conductivity of these glasses. It has been also discussed for 

Zn0-B203-Fe203-V205t353 glasses that the interaction of V44 and Fe+3 ions lead 

to the formation of V'4-0-Fe+3 groups and in such case the polaron has higher 

mobility and offers a higher conductivity and low activation energy. In the 

present glass system Fe-Fe spacing is decreasing and V-V spacing is increasing 

(Table 6.12). Thus effective spacing between Fe+3 and V+4 ions is increased 

which requires a larger hopping energy for conduction. The calculated 

hopping energy increase from 0.32 eV to 0.34 eV, disorder energy 0.161 eV to 

0.368 eV and
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Figure 6.15: Plot of W(eV) versus K2Omole % for series 1.
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consequently the mobility of charge carriers decreases from 4.6 x 10"7 to 9 x 

10'9 cm2V"1s‘1. Thus, the conductivity expected to decrease. A similar kind of 

results were also reported in phosphate and borate glasses containing two 
transition metal oxides136"371.

Hence, the resulting effect of the present composition is to decrease the 

conductivity and increase of the activation energy with the increasing amount 

of glass modifier.
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6.16 EFFECT OF GLASS FORMERS ON 20K2O: yV205: (75 V) 
iBzOa: 5Fe203 GLASS SYSTEM.

Electrical conductivity of 20K2O: yV2Os: (75-y)B2(>3: 5Fe2(>3 glass 

system has been studied in which the effect of glass former V205 on the 

conductivity has been attempted to study. Many authors studied the effect of 

glass former V2Os on die electrical conductivity, where the increase of the 
conductivity has been reported with the increase of V2Os contents[4’9'10’30’37l 

As V205 is a conditional glass former[11], it does not make glass easily even in 

presence of the glass modifier. Electrical conductivity of these glasses has 

been studied by keeping glass modifier K20 and Fe203 as constant in this 

series.

Figure 6.13(b) shows the plot of Logcr at 100°C (conductivity) versus 

V205 amount, which shows the increase of the conductivity with increasing 

V205 amount Figure 6.14(b) shows the plot of Logcrioo and activation energy, 

W, versus V-V spacing. The increase of the conductivity and decrease of 

activation energy with decreasing V-V spacing, R has been observed. Ghosh 
et. al.,[4] and Dhawan et. a.l.,[8] also reported the activation energy and the 

conductivity with the variation of V-V spacing. In the present study the 

conductivity of glass samples at 100 °C lie in the range 1.78 x 10'8 to 1.00 x 

O^Cm'1, the activation energy from 0.585 eV to 0.451 eV and V-V spacing, R, 

from 4.90 A to 3.93 A. The following possible reasons may be assigned for 

the increase of the conductivity and decrease of the activation energy in this 

series.

(a) The amount of K20 has been kept constant i.e., 20 mole %. By increasing 

y, the number of K+ ions interacting with V205 structure decrease due to 

K20:V205 ratio which decrease the V-V spacing in these glasses.
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Figure 6.13 (b) : Plot of Logcr10o versus V2Q5 mole % for series 2.
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Figure 6.14(b): Plot of Logtr10o and W(eV) versus V-V spacing for series 2.
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(b) The density of the present glass system is increased from 2.184 gm/cc to 

2.979 gm/cc (Chapter 4.4) indicating a closely packing of the glass structure as 

a result of decrease of the distance between atoms (i.e. Vanadium atoms) 

which may be responsible for decreasing the V-V spacing. Also, the increase 
in the mobility of a charge carrier from 1.36 x 10'11 cm2V1s'1 to 2.41 x 10‘8 

cnfVV1 has been observed which requires less energy to hop and the disorder 

energy observed to be decreased from 0.515 eV to 0.273 eV (Table 6.12). As a 

result of which the conductivity of the present glass system increases.

(c) Chemical analysis shows that a decrease in the concentration of lower 
valence state (V+4ions) rapidly increases die conductivity (Table 6.12)[33]. The 

ratio InV^/V*4 indicate that the conductivity increases with increasing V+5 

state of vanadium in glass. The calculated activation energy is also found to be 
dependent on V^/V*4 ratio [U,33l The Figure 6.16 shows the dependence of 

the activation energy on lnV+5/V+4 ratio. It is observed that

(i) Activation energy, W, is directly related to lnV+5/V+4 (Figure 6.16).

(ii) Activation energy , E, decreases as the concentration of V2O5 
increases as a result of rapid increase of In V^AV44 . Thus, the 

decrease of the activation energy with increase of In V+5fSt4 leads 

to increase the conductivity in these type of glasses.
The dependence of the activation energy, W, on V^/V*4 ratio was also 

observed in Ge02-P40io-V20sf33] and V20s-Ba0-K20-Zn0{U] systems.

(d) As the amount of Fe203 in the present glass series has been kept constant 
which also takes part in the conduction process through Fe^-V*4 transition [32" 

3UM1] (Section 6.13). Calculated values of Fe-Fe spacing (from density 

measurement) remains almost constant i.e. 11.30 A. As it is evident that V-V 

spacing decreases (Table 6.12) from 4.90 A to 3.93 A whereas, Fe-Fe spacing 
remains constant, therefore, an increase in spatial distance between Fe+3 and 

V+4 ions can be expected which decreases the conduction between Fe+3 and V+4 

ions.
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Figure 6.16: Plot of W(eV) versus lnCV^/V*4) for series 2.
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But in the present glass system increase in the conductivity with y is 

observed. Hence, in the present glass system, effect of V2O5 on the 
conductivity can be expected due to V^-V44 transition which masks the 

decrease of conductivity due to increase in distance between Fe+3 and V44 ions.

Thus it can be ascribed that

(i) Due to decrease of V-V spacing, R, in the glass, the hopping process 
between V44 and V45 is to increase the conductivity which dominates the effect 

of decrease in conductivity due to increase in Fe^-V*4 distance.

(ii) It is the glass former V2O5 which is responsible for semiconducting nature 

and the increase of conductivity in this series..

6.17 Effect of Fe203 ON xK20:(100-x-y)[(l+ii)V205:; B203]:yFe203 

GLASSES.

The dependence of conductivity on Fe2C>3 amount were discussed by 
many workers [30,32-33,40,42] The electrical transport properties on the glass 

system (Fe203)x(V205)i..x was investigated where the sample exhibited a 
thermally activated hopping conduction1401. The electrical conduction 

mechanism of the system Fe203-V20s was reported by Kurina L. N. and 
Ediseeva O. N.[43J and Burzo E.t44]. They also discussed that the introduction 

of Fe203 causes a decrease in conductivity. In the present glass system, 

attempt has been made to study the effect of Fe203 on conductivity and 

activation energy.

Figure 6.13 (c) shows the decrease of the conductivity with Fe203 

amount. The increase of Fe203 amount in the glasses leads to the formation of 
Fe+3-Fe+3 associates which coexists with V+4-Fe+3 associates1411. All 

investigators of glasses containing both Fe203 and V2O5 pointed out the 
formation of mixed clusters of V44 and Fe+3 ions and discussed their effect on 

the electrical conductivity of glasses [39_41]. In the present glass system, an
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Figure 6.13 (c) : Plot ofLogaI00 versus Fe203 mole % for series 3.
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increase of K20 also affects the V-V spacing which increases from 4.31 A0 to 

4.52 A° [Section 6.13]. An increase of Fe203 amount leads to decrease the Fe- 

Fe spacing from 10.997 A0 to 7.523 A°. It has also been discussed that an 

incorporation of Fe+3 ions into the vanadate skeleton leads to increase of 

average spacing between vanadium sites with Fe203 concentration^411. The 

effect of the addition of Fe203 in glasses on activation energy and conductivity 

can also be presumably explained by change in distance between vanadium 
sites [34,41]. An average spacing between Fe+3 and V"4 ions increases, which 

requires a larger energy for hopping and the mobility of the charge carriers 
found to decrease from 5.82xl0'8 cmVV1 to 1.46xl0'9 cmW1, which 

decreases the conductivity of glass system, which lie in the range of 2.40 x 10*6 

to 7.94xl0'8 Q*1 cm'1 (Table 6.12). Figure 6.14(c) shows a plot of log of 

conductivity at 100 °C and activation energy W, versus V-V spacing. It has 

been observed that the conductivity at 100 °C decreases and the activation 

energy increases with V-V spacing. An increase in the activation energy and 

decrease of conductivity with the decrease of V205 amount has been 
interpreted 1301 in terms of increase of the distance R, between vanadium sites. 

It has been also discussed in section 6.13 that an increase of K20 in the glasses 

also affects the spacing in vanadium site and thereby decreases the 

conductivity of glasses. Thus, to get a clear picture of about an effect of Fe203 

in the glasses, one sample has been prepared with zero amount of Fe203 using 

5K20:95[1.2V2C>5: B203]. The conductivity of glasses for zero amount of 

Fe2C>3 is 1.89xl0'7 Dicin'1 which increases by 92% for 5% of Fe203 but no 

amount of K20 in the glasses.. Thus incorporation of Fe2C>3 in the glasses 
increases the conductivity. In the second sample of 3rd glass series which 

contains 5 mole % of K20 and 7.5 mole % Fe203, if the conductivities of these 

two samples are compared, it is clear that the conductivity is larger for the 

glass sample with 7.5 mole % of Fe203 than that with zero amount of Fe203. It 
means Fe+3 ions participate in conduction process in the present glass systems.
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Figure 6.14 (c): Plot ofLogdoo and W(eV) versus V-V spacing 

for series 3.
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However, the decrease in Fe-Fe spacing should be responsible for increasing 

the conductivity, but at the same time, V-V spacing increases in the glass 

samples which produces the reverse effect Therefore, the average effect, 

which has been observed, is to decrease the conductivity. This may be due to 

the fact that
(i) an increase between Fe+3 and V44 spacing and V44 and V*5, 

decreases the conductivity.
(ii) due to the non-existence of Fe+2 ions in all the samples, 

conduction between Fe+2 and Fe+3 does not exist.
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6.2 ELECTRICAL SWITCHING:

6.21 INTRODUCTION:

Transition metal oxide glasses such as V205-P205[1~2], K20-V205-Ba0- 

Zn0[5],y205-Fe203[4] and V205-Te02[5] etc., are important due to their 

semiconducting nature which also show the electrical threshold as well as 

memory switching effects. The electrically conducting glasses are 

semiconducting in nature and are of technical importance in electrical and 

thermal switching devices. The switching is reversible and can be easily 

controlled in an electrical circuit. There are two types, of switching; one is 

threshold switching and other is memory switching. Many authors have 

attempted upon the phenomenon of switching in past t6'n|. Different 

mechanisms have been proposed inorder to explain switching process in 

semiconducting glasses t8,12'16l

In the present study of glass system the following series has been 

prepared to study the switching phenomenon.

(1) xK20: (95-x)[2V205:B2033: 5Fe203 
where x=0 to 30 in steps of 5 mole %.

(2) 20K2O: yV205: (75-y)B203:5Fe203 

where y=40 to 75 in steps of 5 mole %.

(3) xK20: (100-x-y)[(l+n)V205:B203]: yFe203 

where x=0 to 20 in steps of 5 mole %.

y =5 to 15 mole % in steps of 2.5 mole %. 

n = 1 to 2 in step of 0.2.

For the mechanism of electrical switching, a hybrid model based on 

both thermal and electronic process with ambient temperature between 300- 

533°K has been attempted.
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6.22 RESULTS AND DISCUSSION:

Typical voltage-current characteristics curves are shown in Figures

6.21.6.22 & 6.23 for glass samples of the three series in the temperature range 

300-533°K. It is observed that the samples show ohmic behaviour for low 

applied voltage and the current is observed to increase exponentially for 

intermediate voltage. When the applied voltage is further increased, a decrease 

in voltage drop across the sample (Figure 3.7) has been observed. This change 

in behaviour of the sample is termed as ‘non-ohmic’. The sample has a “OFF- 

state” (high resistance state) at low applied voltage whereas, beyond a 

particular voltage, the sample has “ON-state” (low resistance state). The rapid 

increase in the current without significant increase in the applied voltage is 

considered as switching which is observed in the present glass systems. The 

voltage at which the non-ohmic behaviour is observed is known as “threshold 

voltage” represented by V* or VS[7’17‘I8] . It is observed from Figures 6.21,

6.22 & 6.23 that the voltage Vs at which the switching takes place is 

decreasing with the ambient temperature, which implies that the switching is a 

function of both voltage and temperature. Similar kind of observations were 

also made by Mansingh et. al.[7] and Bansal et. al.[19]. It can be seen from the 

Table 6.21 for V2O5 =63.66 mole %, that the switching voltage Vs changes 

from 25 volt to 14 volt when temperature changes from 378-423°K. A Similar 

behaviour of decrease in switching voltage with ambient temperature has been 

observed in other glass samples of the two series. Hence, if the voltage at 

switching follows the following exponential law given by

Vs = Voexp(-0/kT) (6.21)

The plots between InVs and 103/T should show a linear decrease of lnVs 

with the rise of a temperature, which is the case in present system [Figure 6.24 

(a), (b) & (c)]. Thus, it may be possible to observe switching by two means; 

one by adjusting the applied voltage and other by controlling the ambient
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Figure 6.21 (a) : I-V characteristics for V20s= 63.33 mole % in series 1.
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Figure 6.21 (b) : I-V characteristics for V205= 60 mole %in series 1.

212



Figure 6.21 (c) : I-V characteristics for V2Os= 56.67 mole % in series 1.
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Figure 6.22 (a) : I-V characteristics for V2Os= 75 mole % in series 2.
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Figure 6.22 (b) : I-V characteristics for V20s= 70 mole % in series 2.
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Figure 6.22 (c) : I-V characteristics for V20s= 50 mole % in series 2.
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Figure 6.23 (a): I-V characteristics for V205= 49.23 mole % in series 3.
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Figure 6.23 (b): I-Y characteristics for V20s= 46.67 mole % in series 3.
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Figure 6.23 (c): I-V characteristics for V2Os= 43.33 mole % in series 3
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Table: 6.21: Switching Data for xK2Q: (95-x)[2V2Os: B^]: 5 Fe203

v2o5 T Vs Rs Td Ts Power Current Radiation

% (“K) (Volt) KQ (K) (°K) (Watt) Is (mA) loss (I)

378.0 25 10.2 514.5 469.7 0.061 2.45 4.97 x 101U
388.0 23 7.96 528.8 510.5 0.066 2.89 5.55 xlO10

63.33 398.0 20 5.6 550.3 527.9 0.071 3.56 6.66 x 1010
413.0 17 4.0 572.1 543.5 0.072 4.2 7.80 xlO10
423.0 14 3.1 591.9 555.5 0.064 4.56 9.08 x 1010
363.0 60 140.2 365.7 376.2 0.026 0.43 5.24 x 10s
373.0 43 50.2 397.0 397.4 0.035 0.86 5.49 x 108

60 378.0 38 39.6 405.1 392.6 0.036 0.96 6.49 xlO8
383.0 33 30.6 414.4 399.1 0.036 1.08 7.91 x 108
388.0 29 23.8 423.4 401.1 0.037 1.22 9.48 x 108
383.0 54 82.4 403.2 396.5 0.035 0.66 4.91 x 109
388.0 47 61.8 413.0 401.3 0.036 0.76 6.43 x 109

56.67 393.0 42 38.9 429.9 406.0 0.045 1.08 1.08 xlO10
398.0 36 31.3 438.3 403.5 0.041 1.15 1.18 xlO10
403.0 34 19.7 457.5 408.8 0.059 1.73 1.74 xlO10
408.0 26 8.4 497.2 434.9 0.081 3.1 3.20 x 1010
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Figure 6.24 (a) : Plot of lnVs verus 103/T for series 1.
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Figure 6.24 (b): Plot of lnVs veins 103/T for series 2.
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Figure 6.24 (c) : Plot of lnVs verus 103/T for series 3.
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temperature of the sample. It can be seen from the above Figures and Tables 

that before the switching takes place in the sample, the ambient temperature 

and the switching temperatures of the samples are equal. At the time of 

switching, the sample temperature for the same glass sample (for V205=63.33 

mole % in series 1) increases from 378 °K to 469 °K. Also, the resistance of 

the glass sample, before switching remains constant and decreases at the time 

of switching. The dependence of the resistance of the glass sample on the 
ambient temperature was also discussed by various authors[20'21]. The 

resistance of the sample for V205= 63.33 mole % in series-1 at 378 °K is 10.2 k 

Q, which decreases to 3.1 kQ at the switching temperature. Similarly for V2Os 

=70 mole % in series 2 (Table 6.22), die resistance of the sample at 393 °K is 

21.8 kQ, which decreases to 6.5 kO at 408 °K and for V2Os = 46.67 mole % in 

series 3 (Table 6.23), the resistance of the glass sample decreases from 21.5 

kO to 6.9 Ml with the change of temperature from 423 °K to 443 °K. 

Obviously, the resistance of the glass sample at switching (Rs) also follows the 

exponential law given by;

The resistance at switching of the glass sample decreases exponentially with 

increase of the ambient temperature. It is observed that the ratio of the 'OFF- 

state' (before switching) to 'ON-state' (at switching) static resistance decreases 

with increasing the ambient temperature. At higher ambient temperature, the 

switching current is also observed to be high, which requires a more electrical 

’’power input” which intum decreases the resistance of the glass sample at 
switching1^.

The temperature at which the switching is observed for all glass samples 

is calculated by using the following relation by knowing the values of k, W, R 

and Rs at a given ambient temperature.

Rs= Roexp(W/kT) (6.22)

(6.23)
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Table: 6.22 : Switching Data for 20K2O: yV2Os: (75-y)B203: 5 Fe203

V2Os
%

T(K) Vs

Volt
Rs

KQ

td

(°K)
Ts

(K)
Power
(Watt)

Current
Is(mA)

Radiation
loss (f)

368.0 61 29.1 382.9 392.1 0.128 2.1 3.17 xlO9
373.0 53 21.6 393.5 400.8 0.130 2.45 3.44 xlO9
378.0 50 18.8 393.5 405.7 0.133 2.66 3.55 x 109

75 383.0 46 16.4 399.2 409.7 0.129 2.8 3.88 x 109
388.0 43 12.8 405.5 416.8 0.144 3.35 4.38 x 109
393.0 40 10.1 410.7 425.2 0.158 3.95 4.58 x 109
398.0 37 8.7 416.7 429.9 0.158 4.26 5.05 x 109
393.0 76 21.8 434.3 386.4 0.264 3.48 1.17 xlO10
398.0 62 12.5 439.9 403.0 0.307 4.95 1.24 xlO10

70 403.0 52 9.6 448.5 409.4 0.283 5.44 1.40 xlO10
408.0 45 6.5 451.1 425.3 0.314 6.98 1.37 xlO10
463.0 72 14.4 . 540.7 5.01 3.95 x 10to
468.0 60 9.7 545.5 479.0 0.371 6.19 4.06 xlO10

50 473.0 51 8.0 557.7 481.7 0.324 6.35 4.67 xlO10
478.0 44 6.7 565.8 487.6 0.290 6.58 5.02x10“
483.0 35 4.9 578.8 498.9 0.247 7.05 5.32 x 10“
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Table: 6.23: Switching Data for xK2O:(100-x-y)[(l+n)V2Os: B203]:yFe203.

v2o5
%

T(“K) Vs
Volt

Rs

KQ
Td

(°K)
Ts

(”K)
Power
(Watt)

Current 
Is (mA)

Radiation
loss (f)

418.0 52 17.9 467.1 420.5 0.150 2.9 1.71 X 1010
4230 44 14.7 476.8 424.5 0.132 3 1.97 X 1010

49.23 428.0 39 12.6 481.8 430.9 0.121 3.1 2.03 X 1010
433.0 34 8.7 487.2 440.1 0.133 3.9 2.12 X 1010
438.0 30 6.7 489.8 453.3 0.135 4.5 2.07 X 1010
423.0 68 21.5 441.9 478.9 0.215 3.20 2.06 X 10JO

46.6 433.0 52 12.5 458.9 501.5 0.216 4.16 2.81 X 1010
438.0 47 9.1 453.7 515.5 0.244 5.19 3.91 X 1010
443.0 39 6.9 458.3 528.9 0.221 5.66 3.98 X 1010
433.0 78 23.9 448.0 526.8 0.261 3.35 4.19 X To15-
438.0 74 15.7 463.9 545.9 0.348 4.7 5.21 X io10

43.33 443.0 67 13.7 464.0 553.3 0.329 4.9 5.52 X 1010
448.0 59 10.5 471.0 567.2 0.330 5.6 6.32 X io10
453.0 46 7.1 469.1 589.5 0.298 6.46 7.86 X io10
458.0 39 5.7 473.5 603.3 0.268 6.88 8.85 X io10
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Where Rs is the resistance of the sample at switching and R is the resistance at 

T for low applied field. The switching temperature was measured by using Cr- 

A1 thermocouple in contact with the glass sample (Figure 3.7).

It is clear from the observations given in Tables 6.21, 6.22 and 6.23, the 

switching temperature, Ts, increases with increase of the ambient temperature. 

Following may be the reason for dependence of Vs and Ts on temperature and 

composition as well.

(i) To observe the switching at any desired ambient temperature, sufficient 

power is to be given so as to raise the sample temperature from T to Ts and Ts 

is expected to increase with ambient temperature due to sufficient Joule’s 

heating. For V2O5 =63.33 mole %, in series-1, the switching is observed at 25 

volt at 378 °K and required input power is 0.061 watt. If the temperature is 

raised to 413 °K, the electrical input power increases to 0.072 watt.

(ii) With the increase of glass modifier K2O in glasses of series 1, the V-V 

spacing is expected to increase, which decreases the conductivity of the glass 

samples122'235. For the glasses in series 2, keeping modifier K20 constant, the 

V-V spacing decreases because the glass former ratio V2O5/B2O3 increases and 

an increase in conductivity is expected. In case of third series, both the amount 

of K2O and Fe2C>3 are varied, which further increase the spacing between 

vanadium ions in the structure and give rise to the same decrease in the 

conductivity f22,24'25]. Thus, a decrease in conductivity (or increase of the 

resistivity) requires more electrical power input; which raises the sample 

temperature from T to Ts, which also decreases the switching voltage, VS) and 

increases the switching current. Figures 6.25 (a), (b) & (c) show the change in 

the switching temperature, Ts, with composition. Mansingh et. al.[125 discussed 

that the switching voltage, Vs, and the switching current are also composition 

dependent. It can be seen that the switching voltage decreases and switching

current increases with increasing the V2O5 amount in the glass samples. For
\

glass series-1 (Table-6.21), at a given temperature 388K, the switching voltage
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Figure 6.25 (b): Plot of Ts verus Fe203 mole % for series 2.
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Figure 6.25 (c) : Plot of lnTs versus Fe203 mole % for series 3.
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decreases from 47 to 23 volt with increasing V2Os amount from 56.67 to 63.33 

mole %. In the other words, by increasing the V2O5 in the glass sample, 

switching can be achieved at the same ambient temperature at lower applied 

voltage. It can be seen from the Tables 6.21 to 6.23 that by changing the glass 

composition, the temperature of the sample at switching increases with 

increasing T. It is also observed that the sample temperature, (TD), becomes 

greater than the ambient temperature as the current increases in the sample 

near the switching process because of the flow of higher current. If there is a 

difference in the temperature of the sample and environment (ambient), in 

thermal equilibrium, following Stefan-Boltzmann law, the radiation from the 

sample may take place and the radiation loss may be given by;

TD4-T4 = f (6.24)

where f is a measure of radiation loss from the sample and is expected 

to be a function of electrical input power P= I. V. It is clear from Tables that 

the radiation loss from the glass samples increases with increasing the ambient 

temperature. Thermal model suggested by B. Fisher[21] and Yu R. J.I26] 

assumes that at switching the temperature of the entire sample reaches to the 

glass transition temperature Tg. In the present study of I-V characteristics, the 

current was very high at switching and some of the samples peal off in few of 

the observations. This may be due to the increase of the sample temperature 

beyond the glass transition temperature and the sample is destroyed. These 

radiation losses are supposed to increase with the increase of ambient 

temperature because higher is the ambient temperature higher is the difference 

between the temperature of the sample near switching and ambient. To 

compensate these radiation losses, more electrical power is needed to maintain 

that difference of temperature.

Treating the radiation loss f as a power series in P, the equation can be 

expressed as;

f=cXo + aip+a2P2+___ aNPN (6.25)
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If tiie "power-input" equals to zero, it is expected that TD=T and the 

constant a0 is expected to be zero. Solving Equation 6.22 and 6.25 we can 

write

f = W

kin
r_R_'

Rs,

(6.26)

The radiation loss from the sample is calculated from the experimental 

values of W, R and R*, for a given temperature T. As the values of input power 

P are known, f can be calculated from Equation 6.25 provided the coefficient

ai, ct2, 013,___ aN are also known. The values of the coefficients ai, ct2, a3,..

.ocn are calculated by using the method of sum of deviations of f values to give 

a minimum value of
Z I fEq-U» 6.25 ^Equation 6.26 | = MillimUm 

all data points

The values of ai, ct2, a3,. . . an were worked out by computer fitting 

the above polynomials. After knowing the coefficients cti, a2, ct3,... on, the 

voltage across the sample (theoretically) can be computed for any current I by 

the following equation.

Vcal=IR0exp
W

_k(T +a1P+a2P +...... ) % (6.27)

The calculated values of the coefficient of voltage VMi are found to be 

in good agreement with experimental values which proves the present model 

for thermal switching envisaged for the present glass system.

Hence, from the present study, the following observations have been 

made.

(i) The switching voltage, Vs, and switching temperature, Ts, has been 

found composition dependent.
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(ii) Tlie resistance of the sample at a given ambient temperature remains 

constant (OFF-state) and found to decreases at the time of switching 

(ON-state), which is also temperature dependent.

(iii) For sufficient Joule’s heating more electrical power is required, which 

increases the switching temperature and decreases the switching 

voltage. Also, the radiation loss from the sample is expected to increase 

with increasing the ambient temperature.

(iv) The above thermal model for thermal switching has been attributed due 

to Joule’s heating fits well for the present glass system.

(v) The present devices can be used as a voltage as well as thermal 

switches.
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6.3 THERMOELECTRIC STUDIES:

Most of the glasses containing transition metal ions are semiconductors 

and it is well established that conduction in these glasses is due to the transfer 

of electrons from a lower valence state to a higher valence state tl_2]. Thermal 

power data for vanadium and some compositions of tungsten phosphate glasses 

have been reported l2'4\ thermoelectric power measurement on WO3-P2O5, 

V205-P205, Mo03-P205t5], V205-Sb203-Te02 and V205-Bi203-Te02[6], V205- 

Ba0-K20-Zn0[7] and K20-V205-B203-Fe203ra were carried out in the past. 

The thermoelectric power measurements were carried out for the glass samples 

of the series 1,2 and 3 in the temperature range 300 °K to 425 °K. Figures 

6.31 (a), (b) & (c) show the relation between thermoelectric power, Q, and the 

temperature, T, from 300 °K to 425 °K for all the glasses for first, second and 

third series respectively. It can be seen that thermoelectric power, Q, is 

independent of temperature for a given glass composition. A similar behaviour 

is observed for V205-Sb203-Te02 and V205-Bi203-Te02t6] glass systems. 

However, the negative sign appeared in thermoelectric power, Q, for all glass 

samples which indicates that these glasses have n-type semiconducting 

nature15'71. Figures 6.32 (a,), (b) & (c) represent the dependence of 

thermoelectric power, Q, on the composition. It is observed from these figures 

that thermoelectric power increases with increase of K20 and Fe203 

concentration in series 1 and 3 respectively, whereas the value of Q decreases 

with the increase of concentration of the V205 in glasses of series 2. The 

measured values of thermoelectric power, Q, in temperature range of 300 °K to 

425 °K he in the range of-359.93 pV/°K to 282 jiV/°K, -196.32 gV/°K to 

360.13 pV/°K and -333 |iV/°K to -302 p.V/°K for first, second and third series 

respectively. The measured values of Q are found to be in good agreement 

with the earlier reported work15'7’9'101, for semiconducting glasses. 

Thermoelectric power of transition metal oxide (TMO) glasses are dependent
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Figure 6.31 (a): Plot of Thermoelectric Power Q (fiVfK)versus T(°K) 

for series 1.
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Figure 6.31 (b): Plot of Thermoelectric Power Q (|i\7°K)versus T(°K) 

for series 2.
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Figure 6.32 (a): Plot of Q(nV/K) versus K20 mole %.
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Figure 6.32 (b): Plot of Q(|iV/K) versus V2OS mole %.
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on the ratio of concentration of reduced transition metal ions to total transition 
metal ions, Cy, i.e., V+4/Vtotal The thermoelectric power of the semiconducting 

glass system has been calculated by using Heikes and Ure formula fll'12].

f-1 " Cy
In——+aUJ L !-Cv J

In Heikes formula Cy is the ratio of low valence state V*4 to Vtotei, a’ is 

the constant of proportionality between heat of transfer and the kinetic energy 
of electrons. It has been suggested by Appel J.f131 and Austin I. G. And 

Mott[I43 that for a’»2 is applicable for large polarons. For narrow band 

semiconductors with small polaron formation, the polaron band width (Jp) is 
very much smaller than kT[2,14]. Due to localization of electrons and their low 

mobility, the heat of transfer should be small compared to kT and constant a' 

should be much smaller than one.

In case of band polarons, a value of zero for a' has been suggested by 
Appel Sewell G. L.1-151 and Klinger M. I.[163 and indicating that the 

thermal power should depend only on Cy and should be independent of the 

temperature. If Cy is independent of temperature as in transition metal oxide 
glasses1173 then Q is expected to be independent in the present glass system. 

Hence, Figures 6.31 (a), (b) and (c) suggest that Q is independent of 

temperature hence Cy is also independent of temperature.

However, Austin and Mottt143 have suggested that the a' term can be 

zero only if disorder energy in the system is zero. If there is a disorder energy 

between the occupied and unoccupied sites, then the a’ term should be finite 

not zero. The measured values of thermal power Q, and calculated values of a' 

for different glasses of all the three series are reported in Table 6.31. The ratio 

c of reduced valency state to the total number of transition metal ions, disorder 

energy, Wd, activation energy, W, are also reported in the Table 6.31.

As it can be seen from Heikes formula (Equation 6.31) that the slope of

line between Q and ln(Cv/l-Cv) is equal to k/e=-86,18 jj.V/°K and the value of
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a’ can be calculated from the intercept of this line. Figures 6.33 (a), (b) & (c) 

show the relation between thermoelectric power, Q, and ln(Cv/l-Cv). The 

slopes of this line are found to be -81.92 jiV/°K, -85.324 pV/°K and -78.184 

jiV/°K for series 1,2 and 3 respectively, which are close to the theoretical value 

of Heikes formula i.e., -86.18 p.V/°K. Mori et.alJ65 reported the slopes -86.60 

jiV/°K and -89.00 ]TV7°K for V205-Sb203-Te02 and V205-Bi203-Te02 glasses 

respectively. Values of a' calculated from intercept of the line between Q and 

ln(Cyi-Cv) are 0.228, 0.072 and 0.367 respectively for all three glass series.

According Austin and Mott[141, a' term is assumed as zero if the disorder 

energy in the system is zero. Hence, thermoelectric power, Q, can also be 

calculated by using the values of Cv assuming a* equal to zero. The calculated 

values of Qca], therefore, are dependent on the accuracy of the measured value 

of Cv. The values of Cv were determined by the chemical analysis using 

photometric titration173 (Chapter 3.6). The calculated values of thermoelectric 

power, Q, are given in the Table 6.31. In the first glass series, the amount of 

V2Os decreases with increasing amount of K20, which thereby increases the 

active reduced vanadium ions and increases the thermoelectric power Q, 

whereas, in glass series 2, with the increase of V205, a decrease in die active 

reduced vanadium ions has been observed which thereby decreases the 

thermoelectric power Q. In glass series 3, the amount of both K20 and 

Fe203 are increasing whereas, V205 is decreasing. The observed increase of 

thermoelectric power Q is comparatively smaller than those observed for 

glasses in series 1. This may be due to a very small decrease in the amount of 

V205 and iron is not present in reduced active state in glass series 3. However, 

the measured value of thermoelectric power is very close to the calculated 

values of Q, which may have an error of less than 2% because maximum error 

of 5 % in measurement of Cv, which is however, less than 5 % in the present 

case, will cause negligible error in Qeai for these glasses. It has been observed 

that the values of are slightly lower than that of the experimental values of
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Figure 6.33 (a): Plot of Q(|iV/°K) versus In(Cv/l-Cv) for series 1.
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Figure 6.33 (c): Plot of Q(|xV/°K) versus ln(Cv/l-Cv) for series 3.
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Q. The difference between measured value of Q and CW are given in Table 

6.31. As these difference is observed to be ~3 to 4 % for all the glasses. 

Hence, a' cannot be neglected in the discussion of these glasses. The values of 

a' for all glasses lies in the range of 0.01194 to 0.0848, 0.0221 to 0.0472 and 

0.0232 to 0.0695 in series 1, 2 and 3 respectively. It may be noticed from the 

Table 6.31 that a slight increase in a’ is observed with increasing concentration 

of K20 in series 1. However in glass series 2, the increase in the amount of 

V205, the values of a’ should decrease, but it is observed from the Table 6.31 

that the values of a' does not show much variations.

Incase of glass series 3, an increase of a* is observed (Table 6.31) with 

corresponding increase in Fe203, which can be interpreted as an increase in 
active reduced valence sites (V+4). An increase in active reduced valence sites 

will increase the effective value of Cv (i.e. V^/Vtotai), thereby decreasing the 

concentration of ln(Cv/l-Cv) and increase the value of a’t5]. At the same time, 

the values of a’ which are much less than unity, satisfy the condition for small 

polaron formation in these glasses. As the value of a' are not zero i.e. a' is 

finite, the values of 0, a measure of disordemess in the system have been 
calculated using Equation[11,14],

where Wh is the activation energy for hopping whose values are 

mentioned in the Table 6.31. k is the Boltzmann’s constant. As it is well 

established that, a deviation of values of 0 from unity is a measure of disorder

other than zero which intum will contribute to the measured values of thermal 

power. In the present glass systems, the values of 0 are observed to be less 

than unity but remains constant i.e., lies about 0.99 to 0.98 in all the samples 

(Table 6.31). These values, different from unity, are a measure of disordemess 

in the glass system. Hence, the disorder energy, Wd, has been calculated from

(6.32)

in the system [I41' The value of 0 different from unity will provide a’ value
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Wd = 2((W-Wh) (6.33)

where, W is the activation energy and Wh, the hopping energy. The 

disorder energy, Wd, varies from 0.161 eV to 0.386 eV, 0.516 eV to 0.273 eV 

and 0.135 eV to 0.387 eV in series 1, 2 and 3 respectively. Because of the 

formation of small polarons, all the site may not participate in conduction 

process, hence increase in Wd with decrease of V2O5 is expected in the present 

glass systems. In the case of series 1, the amount of glass modifier K20 is 

increasing which results an increase of disordemess in the system and hence 

increase the disorder energy1181, whereas the increase of V205 glass former in 

the second series is responsible for decreasing the disorder energy. Moreover, 

B203 which has better glass forming ability than V2Os decreases in this glass 

series, and consequently decreases the disorder energy Wd-

In glass series 3, an increase in the amount of glass modifier K20 and 

Fe203 with decreasing amount of V2Os is responsible for increase of disorder 

in the system which in turn increases the disorder energy WD.

It is evident from Equation 6.32 that a' should be dependent on 

temperature, hence, thermoelectric power, Q, too is expected to be dependent 

on temperature1171. As the values of a' are very small (a'«l), Q can be 

expected to be temperature independent, which is observed in the present glass 

systems.
Apart from Heikes formula11 U2], Mackenzie13’101 too proposed the 

following formula for semiconducting glasses with transition metal oxides for 

calculation of thermoelectric power Q.

where k is a Boltzmann constant and e is an electronic charge. In V205 based 

glasses, the term high valence ions/ Low valence ions is formally represented 

by V+5/V"4 Theoretically, the thermoelectric power, Q, of a glass containing 

V205 with hopping conduction ought to obey Equation 6.34, according to

'k\ [~High Valence Ions
— In —2------------------

J LLow Valence Ions
(6.34)
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which the thermoelectric power, Q, having ratio V^/V44 greater than unity will 

be negative owing to the predominant hopping of electrons while, in highly 

reduced glasses where V^/V44 is less than one, Q will be positive owing to 

predominant hopping of holes and if V^/V44 equals to unity, i.e., when the 

hopping of electrons and holes takes place with equal probability, the Q will be 
zero17,193. Allersma T. and Mackenzie J. D.t3,103 have reported for V2O5 based 

glasses with ln(V45/V+4)>l, the thermoelectric power, Q, becomes negative 

indicating n-type semiconductor but for hi(V+5/V+4)<l, Q is positive meaning 

p-type semiconductor. In the present glass series, the ratio h^V^/V44) lies in 

the range of 4.16 to 3.22, 4.139 to 2.239 and 3.837 to 3.432 for glass series 1, 2 

and 3 respectively which are greater than unity indicating that all the glasses in 

the present study are of n-type semiconductor in nature. The slope calculated 

[Figures 6.34 (a), (b) & (c)] from the Mackenzie’s formula (Equation 6.34) are 

-81.920 pV/°K, -85.324 pV/°K and -78.184 pV/°K respectively for all three 

series, which are similar to the values obtained from Heikes formula111,123. The 

ratio of high valence ions to low valence ions i.e., V^/V44 is also very 

important for understanding the conduction mechanism in these glasses17,203. A 

conduction mechanism of Ge02-P40io-V20s 1203 revealed that the electronic 

conductivity of the glasses decreases rapidly with the decrease of ratio 
lnfV^/V44) as the concentration of V205 increases. It is observed from Table 

6.31 that the conductivity decreases with decrease of lnCV^/V44) ratio for 

series 1 and 3, whereas the conductivity increases with increase of h^V^/V44) 

ratio in series 2 as the concentration of V2O5 increases. The activation energy 
of series 1 and 3 increases with the decrease of lnCV^/V44) ratio whereas the 

activation energy decreases with the increase of lnCV^/V44) ratios increase of 

V2O5 concentration [7,2°3 in series 2 (Table 6.31). It not only confirms the n- 

type nature but also proves the applicability of Mackenzie formula to the 

present glass system.
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Figure 6.34 (a): Plot of Q(iiV/K) versus InCV^/V*4) for series 1.
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Figure 6.34 (b): Plot ofQOiV/ K) versus ln(V+5/V''4) for series 2.

InCV^/V*)

2.5 3.5 4.5
-150

-200-

*N
>

tft ©

e

Q
(li

V/
°K

)

253



Figure 6.34 (c) : Plot ofQ(|iV/ K) versus InCV+TV*4) for series 3.
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