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Electrical properties of V2O5-CaO-P2O5 glasses

exhibiting majority charge carrier reversal
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The thermoelectric power and d.c electrical conductivity of x V2O5·40CaO·(60 − x)P2O5

(10 ≤ x ≤ 30) glasses were measured. The Seebeck coefficient (Q) varied from +88 µV K−1

to −93 µV K−1 as a function of V2O5 mol%. Glasses with 10 and 15 mol% V2O5 exhibited
p-type conduction and glasses with 25 and 30 mol% V2O5 exhibited n-type conduction. The
majority charge carrier reversal occurred at x = 20 mol% V2O5. The variation of Q was
interpreted in terms of the variation in vanadium ion ratio (V5+/V4+). d.c electrical
conduction in x V2O5·40CaO·(60 − x)P2O5 (10 ≤ x ≤ 30) glasses was studied in the
temperature range of 150 to 480 K. All the glass compositions exhibited a cross over from
small polaron hopping (SPH) to variable range hopping (VRH) conduction mechanism. Mott
parameter analysis of the low temperature data gave values for the density of states at
Fermi level N (EF ) between 1.7 × 1026 and 3.9 × 1026 m−3 eV−1 at 230 K and hopping
distance for VRH (RVRH) between 3.8 × 10−9m to 3.4 × 10−9 m. The disorder energy was
found to vary between 0.02 and 0.03 eV. N (EF ) and RVRH exhibit an interesting composition
dependence. C© 2005 Springer Science + Business Media, Inc.

1. Introduction
Ever since Denton et al. [1] reported that systems con-
taining V2O5 as one of the components form semi-
conducting glasses, a variety of semiconducting oxide
glasses has been reported. Glassy semiconductors are
obtained when melts containing transition metal ox-
ides such as V2O5 and a wide range of oxides like
P2O5, TeO2, GeO2 [2, 3] etc., are quenched. V2O5–
P2O5 glasses have attracted a lot of attention [3–6] due
to their high electrical conductivity. The presence of
vanadium in two valence states, namely, V 4+ and V 5+
influences the electrical conduction mechanism in these
glasses [7–9]. The electrical conduction in these glasses
has been attributed [9–11] to hopping of electrons from
an ion of low valence state (V 4+) transition metal to an
ion of high valence state (V 5+). The Mott-Austin small
polaron hopping model [9, 12, 13] has been widely used
for interpreting the electrical conduction mechanism
in these glasses. d.c conductivity of V2O5–Bi2O3 [10]
and V2O5–TeO2 [13] glasses have been reported. Vana-
dium phosphate glasses generally exhibit n-type semi-
conductor behaviour [4–6, 9]. In their pioneering work,
Kennedy et al. [2] reported the possibility of obtaining
a p-type composition in xV2O5·40CaO·(60 − x)P2O5
glasses [2], namely, 10V2O5·40CaO·50P2O5. They also
reported the high temperature electrical conductivity
data of xV2O5·40CaO·(60 − x)P2O5 (10 ≤ x ≤ 30)
glasses. In the present work, a detailed study of the d.c.
conduction mechanism in xV2O5·40CaO·(60−x)P2O5
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(10 ≤ x ≤ 30) glasses has been carried out over a
wide range of temperature (150 to 480 K) with a view
to understand conduction mechanism in these glasses.
The majority charge carrier reversal occurring in these
glasses has been studied using thermoelectric power
measurements and vanadium ion ratio.

2. Experimental
Glass samples of the system xV2O5·40CaO·(60 −
x)P2O5 (10 ≤ x ≤ 30) were prepared by the melt
quenching technique. Appropriate amounts of high pu-
rity V2O5, CaCO3 and P2O5 were thoroughly mixed
by continuously kneading for about 15 to 20 min. The
mixture was then transferred to an alumina crucible and
melt at about 1100◦C in an electric furnace. The overall
weight of the mixture was about 3 gm per batch. The
melt was held at this temperature for about 3 to 4 h
before press quenching the same by pouring it between
two copper plates. The as-quenched samples were in the
form of platelets of about 1 mm thickness. The amor-
phous nature of the as-quenched samples was verified
using the X-ray diffraction technique. The glassy na-
ture of the samples was confirmed from the observation
of the glass transition temperature (Tg) from the differ-
ential scanning calorimeter (DSC) curves. The glass
transition temperature of the as-quenched samples var-
ied between 400 and 500 K. The thermoelectric power
(TEP) measurements were performed on a thin slice of

0022–2461 C© 2005 Springer Science + Business Media, Inc.
DOI: 10.1007/s10853-005-4401-6 5125



TABL E I Seebeck coefficient Q (experimental and calculated), vanadium ion ratio, activation energy for thermopower �Es , (data given in brackets
were taken from ref. [2])

Composition (mol%) Q (expt.) Q (from equation 5) c �Es

V2O5:CaO:P2O5 (µVK−1) (µVK−1) V 4+/V tot V 5+/V 4+ (meV)

10:40:50 +88 +90 0.735 0.36 (0.3) 0.88
15:40:45 +40 +31 0.588 0.70 (–) 0.77
20:40:40 0 0 0.5 1.0 (1.0) —
25:40:35 −82 −80 0.284 2.52 (–) 0.70
30:40:30 −93 −88 0.264 2.79 (2.9) 0.61

glass sample, the details of which are given elsewhere
[14]. Since the resistance of the as-quenched glass sam-
ples varied between 109 ohms and 103 ohms in the tem-
perature range of 150 to 480 K, both collinear two-point
probe and collinear four-point probe methods were em-
ployed to determine the d.c electrical conductivity of
these glasses. The measurements were performed with
an Electrometer (Keithley, model 6512) and a constant
current source (Keithley, model 224) connected to an
indigenously fabricated cryostat [15]. A spring-loaded
four-point copper probe assembly was used to make
electrical contact with the sample. Current used in the
dc conductivity measurements was ∼50 nA, which is
estimated to produce an electric field of the order of a
few mV/m at 480 K. This field is very low to induce
polarization effects and hence contribution to ionic con-
duction could be ignored. The concentration of V 4+ and
V 5+ ions in the as-quenched glass samples used in the
present studies was determined by iodometric titration
[16]. The ratio of high valence to low valence vana-
dium ions, V 5+/V 4+ determined are given in Table I.
The density of the glass samples was determined using
the Archimedes principle with xylene as the immersion
liquid. The reported density data (Table I) is the average
of at least three independent measurements.

3. Results and discussion
3.1. Thermoelectric power
The variation of thermoelectric power (Seebeck coef-
ficient) with temperature T of semiconducting oxide
glasses generally follows the relation [17],

Q = ±k

e

(
�Es

kT
+ A

)
(1)

where the positive and negative signs denote p-type
and n-type conduction respectively, e is the elec-
tronic charge, k is the Boltzmann constant, T the
absolute temperature, �Es the activation energy for
thermopower and A is a constant dependent on the
mechanism of the electrical transport. The variation of
the thermoelectric power (Seebeck coefficient) for the
xV2O5·40CaO·(60−x)P2O5 where 10 ≤ x ≤ 30 glasses
is shown in Fig. 1. TEP data shown in Table I and Fig. 1
correspond to measurements made at 400 K. The solid
line in the figure represents a least squares fit to the
data. Heikes proposed [18, 19] that Q at high tempera-
ture (generally T > 200 K) is related to the fraction of
reduced transition metal ion c by the expression,

Q =
(

k

e

){
ln

(
c

1 − c

)
+ α′

}
(2)

Figure 1 Variation of Seebeck coefficient Q (measured at 400 K) of
xV2O5·40CaO·(60 − x)P2O5 glasses with V2O5 mol%. Solid line is a
least squares fit to the data.

where c = V 4+/V tot, V tot = (V 4+ + V 5+) and α′ is
a constant (the ratio between heat transfer energy and
the kinetic energy of carrier electrons). According to
Austin and Mott [9] and Appel [20], α′ � 2 signifies
large polaron hopping conduction mechanism and the
conduction mechanism is due to small polaron hopping
when α′ < 1. Equation 2 which is often referred to as
Heikes law, can be rewritten as,

Q =
(

k

e

)
ln

(
c

1 − c

)
+ α′

(
k

e

)
(3)

Equation 3 shows that the Q and ln( c
1−c ) should have

a linear relation with a slope of k/e (= 86.18 µV/K)
and a Y axis intercept equal to α′( k

e ). Fig. 2 shows
the plot of experimental Q value and ln( c

1−c ) for
the xV2O5·40CaO·(60 − x)P2O5 glasses. The solid
line shown in Fig. 2 is the least squares fit to the
data. In the present case, the slope was found to
be 89.62 µV/K, which was close to the expected
value of k/e = 86.18 µV/K. Hence one can con-
clude that Heikes law is applicable to the present in-
vestigation of glasses within permitted experimental
uncertainties. α′ value estimated from the Y inter-
cept of the least squares fit to be 0.0098. This is in
reasonably good agreement with the value of 0.005–
0.18 for the V2O5-CaO-P2O5 glasses as predicted by
Kennedy and Mackenzie [2]. Consequently, the con-
duction mechanism in this system of glass is judged to
be small polaron hopping considering the small values
of α′ < 1.

According to Kennedy and Mackenzie [2], Q value of
semiconducting transition metal oxide (TMO) glasses
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Figure 2 Relationship between ln(c/1 − c) and Q for V2O5-CaO-P2O5

glasses at 400 K.

could be expressed in general as,

Q =
(

k

e

)
ln

[
high valence ions

low valence ions

]
(4)

In case of vanadate glasses, Equation 4 can be repre-
sented by the relation,

Q =
(

k

e

)
ln

(
V 5+

V 4+

)
(5)

Substitution of vanadium ion concentration estimated
from iodometric titration [16] in the above relation
yielded Q (calculated from Equation 5) values, which
were comparable to the Q (expt.) values obtained from
TEP measurements. Both the calculated and experi-
mental Q values are tabulated in Table I. It can also
be seen from the data presented in Table I that Q
was negative (n-type semiconductor) for glasses with
(V 5+/V 4+) > 1. Similarly, Q was positive (p-type
semiconductor) for glasses with (V 5+/V 4+) < 1. Thus,
glasses with 10 and 15 mol% V2O5 with corresponding
(V 5+/V 4+) ratio values of 0.36 and 0.70 respectively
are p-type glassy semiconductors. It is evident that the
p-type conduction in these glasses is due to the pre-
dominance of the V 4+ ion over V 5+ ion. The n-type to
p-type charge carrier reversal in these glasses is thus
attributed to the change in relative concentration of the
low and high valence vanadium ion.

Q verses 1000/T plots corresponding to various glass
compositions are shown in Fig. 3. The dotted lines are
the least squares fit to the data. Fig. 3 shows that Q
exhibits a weak dependence on temperature. This weak
T dependence of Q has been observed in other V2O5
based glasses [6] and appears to be a characteristic of
this class of glassy semiconductors. Fig. 4 shows the
variation of �Es as a function of V2O5 mol%. The
thermal activation energy decreases as V2O5 mol% in-
creases. This indicates that the thermal conductivity of
the glasses increases as V2O5 mol% is increased in
xV2O5·40CaO·(60 − x)P2O5 (10 ≤ x ≤ 30) glasses. A
perceptible slope change in �Es at x = 20 mol% V2O5
composition shows that the thermal conductivity un-

Figure 3 Q verses 1000/T for xV2O5·40CaO·(60 − x)P2O5 (10 ≤ x
≤ 30) glasses. Dotted line corresponds to the least squares fit to the
experimental data.

Figure 4 Activation energy for thermopower �Es as a function of V2O5

mol% for xV2O5·40CaO·(60 − x)P2O5 (10 ≤ x ≤ 30) glasses. In-
set shows the variation of Q with 1000/T for a typical glass sample
(10V2O5·40CaO·50P2O5).

dergoes an abrupt change at the MCCR composition.
The inset in Fig. 4 shows the Q versus 1000/T plot
for the 10V2O5·40CaO·50P2O5 glass composition. The
solid line corresponds to a least squares linear fit to the
data.

3.2. d.c. electrical conductivity
3.2.1. High temperature regime
The high temperature electrical conductivity of amor-
phous semiconductors is described by the Mott and
Austin relation [7, 21, 22], which is expressed as,

σ T = σoe− W
k T (6)

where W is the activation energy for conduction, T is
the absolute temperature and k is the Boltzmann con-
stant. The pre-exponential factor σo could be expressed
as,

σo = c(1 − c)νoe2

Rk
e(−2αR) (7)
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TABL E I I Glass density, density of metal ion sites N , average ion
spacing R, activation energy for conduction W , (data given in brackets
are from [2])

Composition (mol%) Density N R
V2O5:CaO:P2O5 (g·cm−3) (1027 m−3) (10−10 m) W (eV)

10:40:50 2.76 (2.799) 2.9 6.9 0.31
15:40:45 2.84 (–) 4.5 6.0 0.30
20:40:40 2.91 (2.963) 6.1 5.5 0.23
25:40:35 2.98 (–) 7.6 5.1 0.18
30:40:30 3.05 (3.052) 9.2 4.8 0.17

where, νo is the optical phonon frequency (∼1011–
1013 sec−1), R the average spacing between transition
metal ions, c the ratio of the amount of reduced transi-
tion metal ion to that of total transition metal ion, and α

is the rate of wave function decay for the hopping elec-
tron. The average ion spacing R given by the relation,

R =
(

1

N

) 1
3

(8)

where the N is the density of metal ion sites related to
the glass density as,

N = 2

[
density x

(
wt.V2O5

Mol.wt.V2O5

)
NA

]
(9)

where wt.V2O5 is the wt. percentage of V2O5, Mol.wt.
V2O5 is the molecular weight of V2O5 and NA is the
Avogadro’s number The density of metal ion N was
calculated using relation (9) and average ion spacing
was estimated from relation (8) (Table II).

Fig. 5 shows the plot of ln(σ T ) verses 1000/T for the
glasses with different V2O5 mol%. The high tempera-
ture conductivity data in Fig. 5 shows a good fit to the
relation (6) for all the samples (a typical fit for the glass
with x = 20 mol% V2O5 is shown as an inset in Fig.
5), which confirms that the dominant conduction mech-
anism in this regime is small polaron hopping (SPH).

Figure 5 ln(σ T ) verses 1000/T plots for xV2O5·40CaO·(60 − x)P2O5

glasses. Inset shows a typical fit of data to relation (3) (Every tenth data
point has been plotted in order to improve the clarity of the figure).

Figure 6 Activation energy for thermoelectric power�Es and activation
energy for high temperature d.c. conductivity W as a function of V2O5

mol% for xV2O5·40CaO·(60 − x)P2O5 (10 ≤ x ≤ 30) glasses.

The variation of W and �Es with V2O5 mol% is shown
in Fig. 6. The activation energy deduced from dc con-
ductivity in the high temperature regime is greater than
the thermoelectric power. The relative magnitude of W
and �Es indicates the predominant conduction mech-
anism in these glasses. It is evident from Fig. 6 that
all glasses show the same type of conduction mech-
anism. There are several models which try to explain
the difference in the magnitudes of W and �Es . One
such model by Emin [21] predicts that in glasses with
W > �Es a strong electron-phonon coupling exists,
which results in the formation of small polarons. This
notion is also supported by Heike’s conclusion as dis-
cussed in the section on thermoelectric power of these
glasses.

It can also be verified from Fig. 5 that all the ln(σ T )
verses 1000/T curves show a slope change at some
small range of temperature, there by indicating a de-
viation from the small polaron hopping mechanism
described by relation (6). The observed slope change
is due to the change over in the electrical conduction
mechanism from SPH to VRH as one lowers the temper-
ature [11, 23]. Such behaviour has also been observed in
V2O5–Bi2O3 [10], V2O5–TeO2 [13], and V2O5–SrO-
Bi2O3 [24] glasses.

The small polaron hopping (SPH) conduction can be
either adiabatic or non-adiabatic SPH. If the conduction
is adiabatic, α in Equation 4 is negligible. Thus the term
e(−2αR) can be made approximately equal to unity and
pre-exponential factor σo can be written as

σo = c(1 − c)νoe2

Rk
(10)

Using the calculated values of σo (obtained from inter-
cept of ln(σ T ) verses 1000/T plot) and the values of
c and R, the phonon frequency, νo is calculated using
relation (10). It was found that the phonon frequency
νo values ranged between 7.9 × 105 sec−1 and 5.2 ×
107 sec−1. The corresponding values of the Debye tem-
perature Tθ (hνo/k) turned out to be in the range be-
tween 0.00004 to 0.0025 K. These values for νo are
unreasonable since the Debye temperature Tθ must be
around 300 K (with a corresponding νo of ∼1013 sec−1).
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The small values of νo and Tθ give the evidence to the
argument that adiabatic approximation is not applicable
for the present case.

The same conclusions may be drawn from an alter-
nate approach. According to Holstein [25], the temper-
ature dependence of d.c conductivity is given by

σ =
(

π e2 j2

R hkT

) [(
π

W kT

)
sinh

( h νo

2kT

)
( hνo

2kT

)
] 1

2

e−( W+GWP
2kT )

(11)

where Wp = 2WH , WH = W − WD/2 and G =
[tan h(hνo/2kT )]/(hνo/2kT ). W can be calculated
from a linear fit to the conductivity data in high temper-
ature region (above room temperature) from the ln(σT)
verses 1000/T plot (Fig. 5). It was observed that the ac-
tivation energy for conduction W increases as the av-
erage ionic distance R increases (Fig. 6). The observed
trend is as per theoretical prediction. For the estima-
tion of WH,WD is needed. Generally WD < 0.1 eV
[25]. A report on V2O5-Sb2O3-TeO2 glasses [26] pro-
vides a value of 0.01 eV for WD and another on V2O5-
P2O5 (88–49 mol% V2O5) glasses estimated WD <

0.1 eV [5]. Hence, one can assume WD = 0.01 eV for
xV2O5·40CaO·(60− x)P2O5 glasses. This enables one
to approximately estimate WH . j values were calcu-
lated from the Equation 11 using the conductivity data
at a particular temperature. For SPH being adiabatic
or non-adiabatic, the polaron bandwidth j must satisfy
one of the following conditions, namely,

j > � = (2kT WH/π )1/4(hνo/π )1/2 adiabatic (12)

j < � = (2kT WH/π )1/4(hνo/π )1/2 nonadiabatic

j value corresponding to each glass composition was
calculated using Equation 11 taking νo = 1013 sec−1.
The j value calculated at 400 K varied from 3.4 ×
10−4 eV to 1.8 × 10−5 eV and the corresponding �

value was 0.03 eV. This showed that j was less than �

for all the glasses. Thus, nonadiabatic SPH was the
dominating conduction mechanism at high tempera-
tures in all the glass compositions. Calculated j and
� values are shown in Table III. The mobility µ for
non-adiabatic in SPH [5] regime can be obtained from
the relation,

µ =
(

eR2

kT

)(
1

h̄

)(
π

4WH kT

) 1
2

j2e− W
k T (13)

TABL E I I I Conductivity σ at 400 K, polaron band width j , the parameter �, carrier concentration Nc of xV2O5·40CaO·(60 − x)P2O5 (10 ≤ x
≤ 30) glasses

Composition (mol%) σ (ohm−1m−1) j (eV) � µ (m2V1sec−1) Nc (m−3)
V2O:5CaO:P2O5 (10−5) (10−5) (eV) (10−13) (1026)

10:40:50 4.3 34.2 0.03 27.4 1.0
15:40:45 4.4 25.3 0.03 16.0 1.7
20:40:40 4.5 6.0 0.03 5.7 4.9
25:40:35 5.5 2.1 0.03 3.1 11.1
30:40:30 6.0 1.8 0.03 2.6 14.5

The mobility values estimated from Equation 13 are
shown in Table III. Carrier concentration Nc in each
glass composition as given by the relation,

σ = Nc e µ (14)

are listed in Table III.

3.2.2. Low temperature regime
In the low temperature region, Mott’s treatment for vari-
able range hopping [9] leads to a temperature depen-
dence for the conductivity given by,

σ = B exp
(−A/T 1/4) (15)

where A and B are parameters related to the localized
wave function α, density of states at the Fermi energy
N (EF ), optical phonon frequencyνo and the Boltzmann
constant k, and are given by the expressions,

A = 2.06

[
α3

kN (EF )

] 1
4

(16)

B =
[

e2

2
√

8π

]
νo

[
N (EF )

αkT

] 1
2

(17)

Fig. 7 shows the ln(σ T 1/2) verses T −1/4 plots for
glasses with x = 10, 15, 20, 25 and 30 mol% of V2O5 re-
spectively. These plots highlight the temperature region
over which the change over from SPH to VRH occurs in
these glasses. As already mentioned, the slope change
has been shown [9, 24] to be the signature of the con-
duction change from SPH to VRH. α and N (EF ) were
calculated from the slope and intercept values obtained
from the linear fit to the low temperature data using
the relations (16) and (17). For the occurrence of VRH
conduction, the requirement αRVRH > 1 and Wd ≤ kT
(e.g., Wd ≤ 0.019 eV at 230 K) should be satisfied.
Evaluation of our data at 230 K gave αRVRH values
between 1.86 to 1.16 and Wd values ranging between
0.02 and 0.03 eV, which showed that the above crite-
ria were satisfied. Hence the conduction mechanism in
xV2O5·40CaO·(60 − x)P2O5 (10 ≤ x ≤ 30) glasses in
the low temperature range is attributable to VRH.

The hopping distance RVRH in VRH regime and hop-
ping energy Wo can be obtained fromα and RVRH values
using the following relations [27, 28],

RVRH =
[

9

(8παN (EF ) kT )

] 1
4

(18)

Wo = 3(
4π R3

VRH N (EF )
) (19)
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Figure 7 Effect of average ion spacing R on activation energy W for
conduction at 400 K for xV2O5·40CaO·(60 − x)P2O5 glasses.

At low temperatures, the polaron binding energy be-
comes lower than the disorder energy Wd and hence it is
reasonable to assume that Wo = Wd [11, 21]. Based on
this assumption, the Mott parameters were calculated
and tabulated in Table IV.

BothN (EF ) and RVRH vary as a function of V2O5
mol%. Fig. 8 shows the variation of N (EF ) and RVRH
with change in V2O5 mol%. While N (EF ) increases
with increase in V2O5 mol%, RVRH decreases as the
V2O5 mol% increases. The increase in N (EF ) and de-
crease in RVRH are as per the theoretical prediction [17,
22] and agrees with reported behaviour [11] of V2O5
based glasses. It is obvious from Fig. 8 that both N (EF )
and RVRH show a slope change at the x = 20 mol%

Figure 8 ln(σ T 1/2) verses T −1/4 plots for various compositions of xV2O5·40CaO·(60 − x)P2O5 glasses (Every tenth data point has been plotted in
order to improve the clarity of the figure).

TABLE IV Density of states at Fermi energy N (EF ), variable range
hopping distance RVRH and disorder energy Wd

Composition (mol%) N (EF ) (m−3eV−1) RVRH (m) Wd

V2O:5CaO:P2O5 (1026) (10−9) α RVRH (eV)

10:40:50 1.7 3.84 1.86 0.03
15:40:45 2.1 3.75 1.64 0.03
20:40:40 2.4 3.66 1.51 0.03
25:40:35 3.5 3.46 1.22 0.02
30:40:30 3.9 3.41 1.16 0.02

Figure 9 Variation of density of states at Fermi energy N (EF )
and variable range hopping distance (RVRH) with V2O5 mol% for
xV2O5·40CaO·(60 − x)P2O5 glasses.

V2O5 composition. It has already been pointed out that
the carrier reversal occurs whenever V 4+ or V 5+ ion
concentration exceeds the other. Since the d.c electri-
cal conduction mechanism is principally due to elec-
tron hopping from a V 4+ site to V 5+ site, it is not
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surprising for the Mott parameters to carry the signature
of the carrier reversal phenomenon in their composition
dependence.

4. Conclusion
Glasses with x = 10 and 15 mol% V2O5 showed
p-type conduction and glasses with x = 25 and 30
V2O5 mol% exhibited n-type conduction in the of
xV2O5·40CaO·(60 − x)P2O5 (10 ≤ x ≤ 30) glasses.
Majority charge carrier reversal occurred at the glass
composition with x = 20 mol% V2O5. The carrier type
depends on the relative predominance of V 4+ or V 5+
ions. Thus, n-type semiconductors were obtained for
glasses for with (V 5+/V 4+) > 1 and vice versa. These
glasses exhibited a poor Q dependence on tempera-
ture. The activation energy for thermoelectric power
�Es , showed a subtle slope change at the composition
at which the p-type to n-type transition occurred.

The d.c. electrical conduction mechanism in the
high temperature regime is attributed to non-adiabatic
small polaron hopping in these glasses. All the glasses
showed a changeover from SPH toVRH conduction
mechanism when cooled below room temperature. The
density of states at fermi energy N (EF ) increased and
variable range hopping distance RVRH decreased as
V2O5 mol% is increased. N (EF ) and RVRH showed
a subtle slope change in their values at the composition
at which the majority charge carrier reversal occurs in
these glasses.
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