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Abstract

The studies of impedance spectroscopic of phospho-vanadate glasses were carried
out over a wide frequency range 20 Hz-1 MHz and temperature range from R.T to 200°C.
For lower frequencies, AC conductivity is almost frequency independent because electron
hopping is overcome in this range, while at upper frequencies it is almost frequency
dependent and rises in a fashion of power law and attains linearity at higher frequencies.
The highest conductivity was found to be 9.29x10S.cm, for P2 at 473 K. The value of the
frequency exponent and its temperature dependence confirmed the applicability of the CBH
model. In the upper frequency region, the imaginary dielectric constant obeys the Debye
model.
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Introduction:

The unexpectedly increasing populace and urbanization call for extra power. Hence, present
day want is to broaden diverse procedures to broaden sustainable power and rechargeable batteries are
one such stressful method. One such mild supply is semiconducting transition metallic oxide, like
vanadate-primarily based totally glasses, as they show off unique oxidation states [1, 2]. In solid state
ionic, many researchers are attracted towards the process of ionic conductivity because of very large
demand for fast ion conductors in glassy electrolytes [3]. From the structure of the glass network,
mechanical properties were prejudiced. The high density of non-bridging oxygen (NBO) creates a more
open structure, which lowers the mechanical strength and glass hardness [4]. From NMR and EPR
techniques, it is clear that V»Os exhibits 4 and 5-fold coordination, in which the polaronic and ionic
conductivity are detected [5]. Many researchers reported that V.Os enhanced the conductivity of
glasses. Vanadiun pentaoxide is the provisional glass former hence to form a glass it needs another
glass former [6, 7].

Nowadays, research is focused on the study of various materials that have specific properties
like light absorption and electrical signal transmission. Among them, phosphate glasses show sensible
mechanical and electrical properties [8]. In phospho-vanadate glasses, conduction is described by the
phonon assisted hopping of electrons (small polaron hopping) between the low (V#) and high (V**)
valence states of vanadium glasses [9]. The vanadate and phosphate glasses have piqued interest as they
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exhibit excessive glass-forming performance, low transition temperature, low melting point, excessive
thermal growth coefficients, excessive infrared transmission, and excessive dielectric constant [10].

In glasses, impedance (IS) measurement is a useful method for examination of movement of ion
with a frequency between a few hertz to some megahertz. Information concerning conduction and the
delivery mechanism may be acquired via way of means of converting the temperature, because it has a
link with the alternate in network structure and mobility of the enhancing ions. The IS facts may be
molded in phrases of equal circuits, which offers perception concerning delivery mechanisms of
substances and tool operation. The impedance plot is projected to be a semicircle [11]. This work
presents the evaluation of temperature and frequency dependent AC conductivity, dielectric results, and
Cole—Cole analysis of V,0s5-P,Os glasses withinside the frequency varies in between 20Hz to 1MHz
and temperature in between 308 K to 473 K. The structural properties were examined by XRD.

Materials and Methods

Glasses of (100-x)V20s-xP20s (x = 20, 40, 50, 60 and 80 mol %) were prepared via regular
melt quenching method. For the preparation of glasses with 99% purity, SD fine vanadium pentoxide
(V20s) and phosphorus pentoxide (P2Os) were used as raw materials. These two chemical compounds
had been very well mixed together in an agate mortar and melted in an electric powered furnace at 900
°C for 180 min. in a silica crucible in order to get the homogeneously blended soften melt. After the
guenching, the samples have been annealed at 200 °C for 60 min. after which slowly cooled till ambient
temperature to limit the inner mechanical stress and attain glasses with desirable mechanical stability.
These samples of about thickness 3 mm were polished carefully for electrical measurements. AC
conductivity and dielectric constant were measured via way of means of the usage of LCR meter,
Agilent Technologies, Singapore. The measurements have been finished in a frequency and temperature
vary between 20 Hz to one MHz and a 308-473 K respectively. These glass samples were named as P1,
P2, P3, P4 and P5 for 20, 40, 50, 60, and 80 mol % of P,0Os.

Results and Discussion
AC conductivity measurements

The distinctive impedance plots for P2 glass sample are shown in fig. 1. Any material will
exhibit a proportional distribution or semicircle that is an arc with its centre below the z'-axis for several
relaxation frequencies. The investigated glass samples have a semicircle arc with their centre below the
z'-axis, indicating non-Debye type relaxation and an electronic type of conduction mechanism [12].
Over the total temperature range, only one semicircle has been detected. Reduction in radius of the
semicircle with temperature specifies an activated conduction mechanism. The semicircle at the higher
frequency is mainly due to bulk relaxation, whereas at the lower frequency it is mainly due to interfacial
effects. This semicircle was fitted using a RC (parallel) circuit [13]. The other glass samples also show
the same nature.
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Fig. 1. Cole—Cole plot of 40 mol % of P20s.

The DC resistance of the samples is obtained from the intersection of the semicircle with the
real axis at low frequency. The intercepts of the semicircle shift towards the origin with temperature.
Using sample dimensions the DC conductivity (cq4;) was calculated which is increases with increasing
temperature that is with the increase in temperature, the bulk resistance of the sample decreases and the
electrical conductivity shows a gradual enhancement that is activated conduction mechanism. The
reciprocal temperature dependence of the DC conductivity is shown in Fig. 2. The plot shows that the
DC conductivity exhibits an Arrhenius-type temperature dependence given by the relation

Edc
0o = Tpexp (- =) = === - - &

2.5x10°
2.0x10° -
= 1.5x10°

1.0x10

Log  (S.cm

5.0x10° 1

0.0 4

20 22 24 26 28 30 32
1000/T (K1)

Fig. 2. Temperature dependent DC conductivity
The nature of log o with log » was observed for P2 glass samples, as shown in fig. 3. It shows that, for
low frequency, conductivity is almost frequency independent since electrons hopping overcome in this
range, while at higher frequency it is almost frequency dependent and increases in a power law fashion
and attains linearity at upper frequencies. It indicates dispersion in conductivity, which is greater at
decrease frequencies [14, 15]. Normally, the conductivity will increase constantly as much as the
phonon frequency [16]. It was explained from the Almond-West power law.

g(w) = o(0) + Aw® — — — —(2)
where o(0) is the zero frequency limit of o(w), ® is angular frequency, S represents the fractional
exponent and it decides the kind of charge transport which specifies the ionic/non-ionic boundary and
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also the dimension of the conduction [17, 18]. The value of S reliant on material and temperature, which
changes from 0 to 1. A is a weakly temperature-dependent quantity, and it is constant. A’ is the pure
dispersive component of AC conductivity having a characteristic of power law in terms of angular
frequency ® and exponent S that represents the degree of interaction between mobile ions and the
lattices around them. It is clear that conductivity is dependent on »® in high frequency regime. The
frequency exponent (S) lies in between 0.4 and 0.7. The temperature dependence of the frequency
exponent, for the investigated glass samples is shown in fig. 4. From figure it is clear that, correlated
barrier hopping (CBH) conduction mechanism is predominant for all glasses as, s decreases with
increase in temperature [14]. The behavior of S indicates that the correlated barrier hopping is the

possible conduction mechanism in the present glass samples [19].
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Fig. 3. Frequency-dependent conductivity plot of 40 mol % of P20s.
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Fig. 4 Plot of frequency exponent (s) with temperature.
The maximum barrier height (R) was calculated by using Eq. (3) as [20]:

6KT

“1os O

where K is the Boltzmann constant, and T is the absolute temperature. The values of R for all samples
were listed in Table 1. The maximum barrier height (R) increases with temperature whereas decreases
with increasing P,Os as shown in fig. 5.
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Fig. 5. Variation of maximum barrier height (R) with temperature.
Table 1: Frequency exponent (S) and Maximum barrier height (R) for all glass samples

Temperature Frequency exponent (S) Maximum barrier height (R)
(K) P1 P2 P3 P4 P5 P1 P2 P3 P4 P5
308 0.633 | 0.613 | 0.624 | 0.625 | 0.656 | 0.523 | 0.490 | 0.459 | 0.423 | 0.411
393 0.631 | 0.537 | 0.622 | 0.624 | 0.654 | 0.588 | 0.541 | 0.486 | 0.453 | 0.439
433 0.615 | 0.491 | 0.612 | 0.620 | 0.648 | 0.637 | 0.589 | 0.514 | 0.468 | 0.440
453 0.595 | 0.446 | 0.593 | 0.619 | 0.644 | 0.687 | 0.642 | 0.550 | 0.473 | 0.442
473 0.571 | 0.422 | 0.587 | 0.616 | 0.646 | 0.722 | 0.663 | 0.577 | 0.488 | 0.441

Fig. 6 shows the variations in AC conductivity with frequency for all glass samples at a temperature of
473K. The glass sample P2 shows the highest conductivity of 9.29x10* S.cm™, which is due to dipole
polarization which is the characteristic property of disordered materials. The decrease in conductivity
beyond P2 may be due to the elimination of the non-bridging oxygens and simultaneously creates
bridging oxygens.
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Fig. 6. Conductivity plot of all glass samples.
We tabulate the values of AC conductivity at several frequencies and temperatures. The new parameter
figure of merit F related to the response time, which represents the relationship between the dielectric
permittivity and the AC conductivity was defined by using Eq. (4). The material having higher value of
F is more suitable for solar cell applications [20]. The values of g,.., £" and F are listed in Table 2.

a

ac?

e (4

The dielectric constant (¢') and (¢'") were estimated from experimental values of capacitance
and dissipation from the following relation:

F:
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=z
=D ————— (5b)

Here £ and " are real and imaginary dielectric constant, C is capacitance of materials, Co is

capacitance of free space and D represents the dissipation factor.
The &' depends on frequency for P2 at various temperatures is shown in fig. 7. A robust frequency

dispersion is detected in lower frequency region, and it is almost frequency independent in the higher
frequency region. Also, the values of & increase with temperature, which is different for different

frequencies. For low frequency region, the larger values of &' can be explained by the Maxwell-Wagner

model [21]. In low frequency region, the influence of high dielectric constant is mainly due to the grain
boundaries which was recommended by Koops's model. At a high frequency region, £’ is small, which

suggests that, the dielectric nature of the sample is conquered by the grains. The reduction in £" with
frequency is recognized by the electrical relaxation processes [22].
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Fig. 7 Plot of £ as function of frequency for 40 mol % of P,0Os.
The £ vary with frequency for P2 at various temperatures is depicted in fig. 8. From this plot,
it is seen that in higher frequency portion, £ exhibits the loss peak because of the polarization of the

samples, which obeys the Debye model [23]. Temperature dependence dielectric relaxation peak (wm)
obeys Arrhenius behavior. The dielectric relaxation is mainly due to the hopping mechanism of charge
carrier transport.

49
=308 K

42 1
=433 K
——453 K
28 {4 —=473K

35 1

21 1

14 1

+ 6 8 10 12 14 16
log ® (rad.s?)

Fig. 8. Plot of £'" as function
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Table 2: Dielectric constant (¢”), AC conductivity (o) and figure of merit (F) for 40 mol % (P2) P,0Os.

Frequency g’ Oac (S.cm™) F (S.cm?)
(kHz) 308 K| 393K | 433K | 453K | 473K 308 K 393 K 433 K 453 K 473 K 308 K 393 K 433 K 453 K 473 K
1 85.65 | 118.49 | 160.81 | 172.00 | 216.67 | 1.05x10° | 6.34x10° | 1.42x10* | 2.92x10* | 3.1x10* | 1.23x10” 5'35;10_ 8.82x107 | 1.7x10° | 1.43x10°
100 2.30 8.91 19.49 | 42.70 | 42.86 | 3.78x10° | 1.76x10* | 3.47x10* | 6.28x10* | 6.62x10* | 1.64x10° 1'975X1O_ 1.78x10° | 1.47x10° | 1.54x10°
1000 1.06 1.32 1.87 3.26 3.25 | 6.84x10° | 2.23x10* | 4.57x10* | 9.14x10* | 9.29x10* | 7.22x10* 1'69:(10- 2.44x10* | 2.81x10* | 2.86x10™
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Conclusion

The glass samples were synthesized via the well-known melt quenching method. The AC
conductivity of glass obeys power law. Semicircular behavior of Z’ and Z’* suggests that it obeys non-
Debye type relaxation, indicating an electronic type of conduction mechanism. The results suggest that,
sample is greater conductive at the higher temperature. This semicircle was fitted using a parallel RC
circuit. The value of the frequency exponent and its temperature dependence confirmed the applicability
of the CBH model. Application of the CBH model clearly specifies that the electronic conduction takes
place by single polaron and bi-polaron hopping processes. The dielectric constant decreases with
frequency and temperature. The &' increase with temperature and decrease with frequency. In the low

frequency area, the larger values of £’ can be described by the Maxwell-Wagner model. At a upper
frequency region, £’ is constant and small, which recommends that, the dielectric behavior of glasses is
conquered by the grains.
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