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Abstract

The complex dielectric constant 3�ðuÞ ¼ 30 � j300, electric modulus M�ðuÞ ¼ M0 þ jM00, impedance Z�ðuÞ ¼ Z0 � jZ00 and ac conductivity
dispersion behaviour of 5, 10 and 15 wt% concentration aqueous solutions of poly(vinyl alcohol) (PVA) (14 000 and 77 000 g mol�1) and poly-
(vinyl pyrrolidone) (PVP) (24 000, 40 000 and 360 000 g mol�1) and their binary mixtures were investigated in the frequency range 20 Hz to
1 MHz at 25 �C. Analysis of dielectric constant values confirms that hydrophilic effect of PVA in aqueous solution increases the real part of
dielectric constant 30, whereas for aqueous PVP solutions the hydrophobic effect masks the hydrophilic effect, which reduces 30 values below
10 kHz. Low-frequency dielectric constant of these aqueous polymeric systems is sensitive to ionic conduction and electrode polarization. The
monotonous change in various electrical properties with change in volume percentage of mixture constituents indicates that individual aqueous
polymer system retains their own electrical properties in the aqueous two-phase polymeric system.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Interactions and dynamics of polymerepolar solvent mix-
ture are one of the most important problems in liquid state
physics. Among synthetic polymers, poly(vinyl alcohol)
(PVA) and poly(vinyl pyrrolidone) (PVP) are the most impor-
tant pharmaceutical polymers and have a wide range of
biochemical, medical and technological applications [1,2].
These are non-toxic and amorphous polymers, which are water
soluble, and have a randomly coiled and highly flexible chain
behaviour in solutions. Aqueous solutions of PVA and PVP are
widely used for the preparation of membranes and films of dif-
ferent dopants for biomedical and technological applications
[1e9]. The structure of the film formed from the aqueous
polymeric solutions with different additives strongly depends
on the structure of solution and casting condition. Therefore,
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in view of the current wide interest on the aqueous polymeric
grown films, it is required to investigate a comparative electri-
cal behaviour of the aqueous solutions of the PVA, PVP and
PVAþ PVP blends over a wide range of compositions.

The solubility of the solid PVA and PVP in water is due to
some kind of interactions between the molecules of water and
the monomer units of the polymer chain. In these systems, the
polymer molecules act on the surrounding water due to the H-
bond accepting ability of their polar groups (the hydrophilic ef-
fect) and by the ability of their inert groups to promote the water
structure around them (the hydrophobic effect). These two ef-
fects interfere with each other leading to destructive or, may
be under certain conditions, to cooperative interaction. The hy-
drophilic and hydrophobic effects strongly depend on the steric
arrangement of the respective groups and on the particular size
and shape of the solute (polymer) molecule [10e14]. PVA is
a highly hydrophilic polymer, which shows the strong H-bond
interaction between the hydroxyl group of PVA monomer units
and the water molecules, whereas the PVP has strong hydropho-
bic behaviour in aqueous solution and has comparatively less
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hydrophilic effect due to the formation of H-bond complexes
between the carbonyl group of PVP monomer units and the
water molecules [11e14]. These effects can disturb the water
structure in aqueous PVAþ PVP solutions.

Literature survey confirms that several attempts [10e20]
have been made to explore the hydration properties and water
structure by dielectric measurements on aqueous PVA and
PVP solutions, and also in other hydroxyl groups containing
polar solvents in the microwave frequency region, where the
dielectric dispersion occurs due to reorientational motion of
the small-size polar solvent molecules. However, not much
has been done in the frequency region 10 Hz to 1 MHz, where
the interference between conduction, electrode polarization
and structural relaxations may be the largest. The detailed
electrical properties of aqueous polymeric solutions in the fre-
quency range 10 Hz to 1 MHz is needed because the aqueous
polymeric solutions grown doped and undoped films are in
general electrically characterized in this frequency range for
their different technological applications [2e9]. Further, the
electrical properties of such films are governed by the nature
of the polymeresolvent interactions in the solutions.

This paper presents a comparative study of dielectric dis-
persion of aqueous PVA, aqueous PVP, and their aqueous co-
existing phases with concentration variation in the frequency
range 20 Hz to 1 MHz at 25 �C. This study aims to explore
the effect of the polymer chain length and concentration on
their dielectric properties in aqueous PVAþ PVP coexisting
phases by analyzing the experimental values of complex di-
electric constant 3*(u), ac electrical conductivity sac(u),
complex electric modulus M*(u), and complex impedance
Z*(u) over the frequency range 20 Hz to 1 MHz.

2. Experimental

2.1. Materials

Table 1 shows the polymers used in the measurements. Dou-
ble distilled water was used for the preparation of aqueous
polymeric solutions. Aqueous solutions of 5, 10 and 15 wt%
PVA (PVA14000 and PVA77000) and of PVP (PVP24000 and
PVP40000) were prepared for their dielectric characterization.
Only 5 wt% concentration of aqueous solution of PVP360000
was prepared because above this concentration the solution
turned turbid due to high viscosity. The equal weight concentra-
tion aqueous solution of PVA14000 and aqueous solution of
PVP (PVP24000, PVP40000, PVP360000) was mixed at four
volume percentages, i.e. 80:20, 60:40, 40:60, and 20:80, respec-
tively, at room temperature for the preparation of coexisting
aqueous polymeric two-phase systems. Similarly, equal weight
concentration aqueous solution of PVA77000 and PVP40000
was mixed at five volume percentages, i.e. 84:16, 67:33,
50:50, 33:67, and 16:84, respectively, for dielectric study of
coexisting aqueous polymeric two-phase systems.

2.2. Measurements

An Agilent 4284A Precision LCR Meter and a four termi-
nal nickel-plated cobalt parallel plate electrodes’ dielectric cell
Agilent 16452A Liquid Test Fixture were used for the capac-
itance and resistance measurements in the frequency range
20 Hz to 1 MHz. The capacitances and parallel resistance of
the Liquid Dielectric Test Fixture, without and with samples,
were measured in order to compensate for a short. The Test
Fixture correction coefficient was also considered to cancel
the effect of stray capacitance during the evaluation of com-
plex dielectric constant values. All measurements were made
at 25 �C and the temperature was controlled by Thermo-Haake
DC10 controller to �0.01 �C.

3. Results

The complex dielectric constant 3*(u) is obtained from the
relation [21]:

3�ðuÞ ¼ 30 � j300 ¼ a

�
CP

Co

� j
1

uCoRP

�
ð1Þ
Table 1

Polymers used in the measurements

Polymer and formula Abbreviation name Average molecular

weight (g mol�1)

Number of

monomer units

Manufacturer supplier Grade

Poly(vinyl alcohol)

n

CH2 CH

OH 

PVA 14 000 318 S.D. Fine Chem, India Laboratory

77 000 1750 Loba Chemie, India Laboratory

Poly(vinyl pyrrolidone)

n

CH2 CH

N

 C=O

CH2

H2C

H2C

PVP 24 000 216 S.D. Fine Chem, India Laboratory

40 000 360 Loba Chemie, India Laboratory

360 000 3241 S.D. Fine Chem, India Laboratory
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where u¼ 2pf is the angular frequency, Co and CP are the ca-
pacitances of the free space and with sample, respectively, and
RP is the equivalent parallel resistance of the cell with sample,
and a is the correction coefficient of the cell.

Figs. 1e3 show the concentration dependence spectra of the
real part of dielectric constant 30, dielectric loss 300, loss tangent
(tan d¼ 300/30) and real part of ac conductivity sacðuÞ ¼ u3o300

of aqueous PVA14000, aqueous PVP40000 and aqueous
PVA14000þ PVP40000 two-phase systems at 25 �C. The spec-
tra of 30, 300, tan d, and sac of aqueous PVA14000þ PVP360000
coexisting phases are shown in Fig. 6. Similar concentration
dependence spectra were also obtained in the aqueous
PVA14000þ PVP24000 and aqueous PVA77000þ PVP40000
coexisting polymer phases in the same frequency range. The
broadband values of complex dielectric constant 3*(u) for
polymerepolar solvent mixture can be well described by a
sum of three relaxation processes with the contribution of dc
conductivity, sdc, by the equation [20]:

3�ðuÞ ¼ 3Nþ 3�l
�
u
�
þ 3�m

�
u
�
þ 3�h

�
u
�
� j
�
sdc=u3o

�
ð2Þ

where 3o (8.854� 10�12 F/m) is the dielectric constant of the
vacuum, 3N is the limiting high-frequency dielectric constant,

101 102 103 104 105 106

(c)

Frequency (Hz)

1
2
3
4

water

(b)

ε*

1
2
3

4

 water

102

103

104

105

106

107

102

103

104

105

106

107

102

103

104

105

106

107

(a)

1
2
3
4

 water

5 wt     PVA aqueous solution
5 wt     PVP aqueous solution

10 wt     PVA aqueous solution
10 wt     PVP aqueous solution

15 wt     PVA aqueous solution
15 wt     PVP aqueous solution

Fig. 1. Frequency dependence of real part of dielectric constant 30 and dielec-
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and the subscripts l, m, and h denote the low, middle, and
high-frequency processes, respectively.

The low-frequency process in polar solutions is caused by
the electrode polarization. When an electric field is applied
to the materials, the long-range drift of ions and barrier layer
formation on the electrode surface result large values of
dielectric constant and loss [22e29]. We are concerned only
in the l-process in the present study. The comparative variation
in the observed dielectric parameter values of 30, 300 and sac of
the aqueous PVAþ PVP coexisting two-phase systems was
used to explore the electrode polarization and ionic conduction
in these systems.

The 3�ðuÞ ¼ 30 � j300 is a meaningful quantity under the
condition that in the experiment the electric field is an inde-
pendent variable and the charge is the dependent one. Consid-
ering the charges as the independent variable, conductivity
relaxation effects can be suitably analyzed within the modulus
formalism in terms of a dimensionless quantity M*. Analo-
gous to mechanical relaxation, the ‘electric modulus’ M* is
obtained from the relation [22]:

M�ðuÞ ¼ 1

3�ðuÞ ¼M0 þ jM00 ¼ 30

302þ 3002
þ j

300

302 þ 3002
ð3Þ
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Fig. 2. Frequency dependence of loss tangent tan d of water, aqueous
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The main advantage of this formalism is that the space charge
effects often do not mask the features of the spectra, owing to
the suppression of high capacitance phenomena in M00( f )
spectra. In ac dielectric relaxation spectroscopy measure-
ments, the electric field, E*(u), or electric displacement vec-
tor, D*(u), may be considered as an independent variable.
Therefore, the formalisms of 3*(u) and M*(u) are equivalent.
Transformation from one to another may emphasize and there-
fore help to resolve particular aspects of the relaxation pro-
cess. Figs. 4 and 6 show the M0 and M00 versus f spectra of
the studied aqueous PVA14000þ PVP40000 and aqueous
PVA14000þ PVP360000 two-phase coexisting systems. Sim-
ilar M*(u) spectra were also obtained for other different mo-
lecular weight aqueous PVA and PVP coexisting phases. In
the M00 spectra, peak corresponding to the ionic conductivity
relaxation is not observed in the 20 Hz to 1 MHz range, in
which both charge carrier transport and polymer segmental
reorientation may contribute to the electric field relaxation
[29e31].

Beside the 3* and M*, analysis of dielectric relaxation
spectroscopic data within the complex impedance formalism
Z*¼ 1/Y*, where Y* is the complex admittance, is commonly
used to separate the bulk and the surface phenomena [23]. A
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common feature of dielectrics with dc conductivity is a discon-
tinuity at electrode/dielectric interface, which has different po-
larization properties than the bulk of the dielectric. Usually
complex impedance plane plots (Z00 versus Z0) are used to sep-
arate the bulk and the surface phenomena. The electrode polar-
ization is a highly capacitive phenomenon and is therefore
characterized by large relaxation times than the polarization
mechanisms in bulk. This fact usually results in the appear-
ance of two separate arcs of semicircles in the Z00 versus Z0

complex plane plots. The complex impedance of the material
was evaluated by the relation:

Z�ðuÞ ¼ Z0 � jZ00 ¼ 1

Y�ðuÞ ¼
1

1=RP þ juCP

¼ RP

1þ ðuCPRPÞ2
� j

uCPR2
P

1þ ðuCPRPÞ2
ð4Þ

Figs. 5 and 7 show the complex impedance plane plots
of the aqueous PVA14000þ PVP40000 and aqueous PVA-
14000þ PVP360000 two-phase systems, respectively. Similar
plots were also obtained in the other molecular weight
aqueous PVA and PVP coexisting phases. All these plots have
two separate arcs. The frequency value, which separates the
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electrode polarization effect and the ionic conduction effect,
was determined by using the frequency corresponding to the
Z00 minimum value in the plots and same has also been shown
in their respective plots.

4. Discussion

4.1. Complex dielectric constant

Figs. 1 and 6 show the frequency dependent 30 and 300 values
of water, different molecular weight aqueous PVA and aque-
ous PVP solutions, and coexisting aqueous PVAþ PVP two-
phase systems of different volume percentage mixture. For
all the aqueous polymeric solutions, values of 30 and 300 de-
crease with increase in frequency from 20 Hz to 1 MHz. The
high values of 30 and 300 in the lower-frequency side confirm
the contribution of ionic conduction and electrode polarization
phenomenon in these solutions [20,23e30].

4.1.1. Aqueous polymeric single-phase system
The frequency dependent 30 values of aqueous PVA system

are higher than the 30 values of pure water (dotted plots),
whereas aqueous PVP system has comparatively lower 30

values (Figs. 1 and 6). It is because of the higher strength of
hydrophilic effect of aqueous PVA system, i.e. the strong
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H-bond interactions between the hydroxyl groups of PVA
monomer units and water molecules [10,14,16], which orients
the PVA chain segments for increase in net polarization. The
hydroxyl group of PVA is capable of both accepting and donat-
ing binding protons that promote the water interaction with large
number of PVA monomer units as compared to the PVPewater
interactions, which may also result in the high 30 values of the
aqueous PVA systems as compared to the 30 values of aqueous
PVP systems. The lower 30 values of aqueous PVP system as
compared to the frequency dependent 30 values of pure water
confirm that the strong hydrophobic effect of PVP in aqueous so-
lution [16] dominates its hydrophilic effect (interactions be-
tween carbonyl groups of the PVP monomer units and water
molecules). Further, the decrease in 30 values due to differently
oriented segments of randomly coiled flexible PVP chain in
aqueous solution cannot be ruled out.

The comparative 30 values of aqueous PVP and water also
show that the difference in the frequency dependent 30 values
reduces with the increase in PVP concentration (Fig. 1). This
may be due to the decrease in the strength of hydrophobic ef-
fect and simultaneous increase in hydrophilic effect in aqueous
PVP solutions with increase in PVP concentration up to
15 wt% PVP. In case of aqueous PVA solution, there is small
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increase in the frequency dependent 30 values with increase
in PVA concentration, which confirms strengthening in the
hydrophilic effect. Fig. 1 shows that the 300 values also vary
with the increase in PVP concentration in water. Further, the
increase in concentration of PVA increases the frequency de-
pendent 300 values as compared to the 300 values of pure water.

From the comparative study of frequency dependent 30 and
300 values of aqueous PVP and PVA systems of different mo-
lecular weights, it is observed that the 30 values are more or
less independent of the PVP molecular weight, whereas both
30 and 300 gradually increases with the increase of PVA molec-
ular weight.

4.1.2. Aqueous polymeric two-phase system
In case of 40:60 vol% mixture ratio of aqueous 5 wt%

PVA14000þ aqueous 5 wt% PVP40000 two-phase system,
the frequency dependent 30 values were found nearly equal
to the 30 values of pure water (Fig. 1a). Further, the PVA
rich mixtures have higher 30 values, whereas the PVP rich mix-
tures show the lower 30 values as compared to the frequency
dependent 30 values of water. From these observations it can
be concluded that around equal volume mixture concentration
of the solution, the net enhancement in polarization is zero.
This may be due to neutralization of the PVA hydrophilic
effect contribution in polarization by the PVP hydrophobic
effect in water solution. Similar behaviour was also found
at 40:60 vol% mixture ratio of aqueous 5 wt% PVA14000þ
aqueous 5 wt% PVP24000 system, aqueous 5 wt% PVA-
77000þ aqueous 5 wt% PVP40000, and aqueous 5 wt% PVA-
14000þ aqueous 5 wt% PVP360000 systems (Fig. 6a).

The significant shift in the frequency dependent 30 values
of aqueous 10 wt% PVAþ aqueous 10 wt% PVP system,
and aqueous 15 wt% PVAþ aqueous 15 wt% PVP system,
(Fig. 1b and c) toward the 30 values of aqueous PVP solutions
shows that the PVA hydrophilic effect masks the PVP hydro-
phobic effect at these concentrations. Further, the comparative
300 values of the aqueous PVAþ aqueous PVP systems show
that the trend in change of the frequency dependent 300 values
is identical in all the systems but their magnitude is affected by
the polymer concentration and also by the polymer molecular
size. The monotonous change of the 30 and 300 values with
change in the volume concentration of the mixture constituents
of the aqueous PVAþ aqueous PVP mixtures confirms that the
dielectric spectroscopy can be applied for the in situ monitor-
ing of the dielectric constant of these film forming two-phase
aqueous polymeric solutions.

Figs. 2 and 6b, show the frequency dependent tan d (300/30)
values of water, aqueous PVA14000, aqueous PVP40000 sys-
tems, and their volume mixtures. All spectra have the tan d

peak, which is in the frequency range 5e50 kHz. The aqueous
PVA system has tan d peak at high frequency, whereas aque-
ous PVP system has tan d peak at comparatively low fre-
quency, and in between these the tan d peak frequencies of
aqueous PVAþ aqueous PVP two-phase systems were
observed.

The value of electrode polarization relaxation time tEP,
which involves charging/discharging of double layer
capacitance formed on the electrode surfaces, was determined
by the relation tEP ¼ 1=2pfEP, where fEP is the tan d peak fre-
quency [29e31]. Fig. 6 shows that the fEP value is closely re-
lated to the frequency where the 30 values have strong upturn.
The exact location of fEP is determined by fitting the data to
the Origin� non-linear curve fitting tool. The tEP values of
aqueous PVA14000þ aqueous PVP40000 and aqueous
PVA14000þ aqueous PVP360000 systems of various volume
ratios are shown in Table 2. These values show that the elec-
trode polarization relaxation time of these blends depends on
the polymers’ concentration in their aqueous solution two-
phase system.

Figs. 3 and 6c show the ac conductivity of the aqueous
single-phase and two-phase polymeric systems. In polymeric
aqueous solutions, the segmental motion of the polymer host
is essential for ionic conduction [32]. The conductivity plots
(Fig. 3) of different volume percentage mixtures of aqueous
PVA14000þ aqueous PVP40000 show that the ionic conduc-
tivity increases with the increase in concentration of PVA in
water. The viscosity of aqueous PVA solutions is much higher
than the viscosity of aqueous PVP solutions at equal concen-
tration and it increases with increase in polymer concentration
in water. The increase in conductivity with increase in PVA
concentration in water suggests that the conductivity values
of aqueous polymeric systems are independent of their viscos-
ity. These coexisting aqueous polymeric systems (Fig. 3) show
the increase in conductivity with the increase in volume per-
centage of PVA in two-phase mixture, which is maximum
for aqueous PVA system. The comparative conductivity values
of aqueous PVA, aqueous PVP and aqueous PVAþ aqueous
PVP systems confirm that the PVA segmental motion is
much higher than the PVP segmental motion in their aqueous
solutions, which mainly governs their ionic conductivity. The
frequency independent conductivity values in the frequency

Table 2

Values of electrode polarization relaxation time, tEP, of the aqueous

PVA14000þ PVP40000 and aqueous PVA14000þ PVP360000 two-phase

systems at 25 �C

Vol% ratio PVA:PVP tEP (ms) Vol% ratio PVA:PVP tEP (ms)

5 wt% aqueous

PVA14000þ PVP40000

10 wt% aqueous

PVA14000þ PVP40000

100:0 7.96 100:0 3.18

80:20 7.96 80:20 3.18

60:40 7.96 60:40 3.18

40:60 7.96 40:60 7.96

20:80 15.92 20:80 7.96

0:100 19.89 0:100 15.92

Water 7.96 Water 7.96

15 wt% aqueous

PVA14000þ PVP40000

5 wt% aqueous

PVA14000þ PVP360000

100:0 3.18 100:0 7.96

80:20 3.18 80:20 7.96

60:40 3.18 60:40 7.96

40:60 7.96 40:60 7.96

20:80 7.96 20:80 7.96

0:100 15.92 0:100 19.89

Water 7.96 Water 7.96
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range 100 Hz to 1 MHz confirm the dc conduction behaviour
of these systems.

Further from Fig. 3, it is found that the conductivity values
of aqueous 5 and 10 wt% PVP40000 solutions are lower than
the frequency dependent conductivity values of pure water.
But the conductivity of 15 wt% PVP aqueous solutions is
higher than the water conductivity. These results indicate
that the chain segmental mobility of higher molecular weight
PVP at lower concentration in aqueous solution is compara-
tively low, which increases at higher concentrations. Further
the systematic change in conductivity of aqueous PVAþ aqu-
eous PVP two-phase systems with change in their volume con-
centration indicates that the aqueous single-phase PVA/PVP
systems retain their individual segmental mobility behaviour
in coexisting phases.

4.2. Electric modulus formalism

Figs. 4 and 6d show the variation of M0 and M00 versus f for
water, aqueous PVA14000, aqueous PVP40000 and aqueous
PVP360000 systems, and their mixtures at 25 �C. The varia-
tions in M0 values up to 10 kHz of these systems are negligible,
but above 10 kHz the M0 values increase with the increase in
frequency, and have different plots corresponding to each vol-
ume mixture of these aqueous polymeric two-phase systems.
Further, the comparative examination of these plots confirms
that the polymer molecular weight and concentration in aque-
ous solutions affect the frequency dependent values of M0 and
M00. The M00 values of all these aqueous systems increase lin-
early with the increase in frequency. It seems that for these
aqueous polymeric systems the peak value of M00 is above
our experimental higher frequency limit, i.e. 1 MHz. There-
fore, it is not possible to evaluate the values of ionic conduc-
tivity relaxation time, ts, in these systems, which is estimated
earlier in other aqueous polymeric systems [23,25,27] in the
same frequency range using the relation ts ¼ 1=2pfs, where
fs is the frequency corresponding to the M00 peak value.

4.3. Complex impedance formalism

In Figs. 5 and 7, the impedance values of water, aqueous
PVA14000, aqueous PVP40000, aqueous PVP360000 and
aqueous PVAþ aqueous PVP systems were plotted as the
complex plane plots (log Z00( f ) against log Z0( f )) in order to
isolate the desired bulk sample response from the portion,
which is corrupted by electrode polarization effect. In all these
impedance plots the frequency of the experimental points
increases on going from right to left side on the arcs. The
appearance of the two separate arcs in the impedance plots
corresponds to the bulk effect (the high-frequency arc) and
the surface polarization effect (the low-frequency arc), respec-
tively. The frequency value corresponding to Z00 minimum
value (indicated in respective plots) separates the bulk effect
and the surface effect [23e29]. These frequencies are in the
range 10e50 kHz, which vary with the polymer molecular
weight and also with the volume concentration in the aqueous
polymeric two-phase systems.
The dc bulk resistance, Rdc, can be estimated by extrapolat-
ing the section of the arc corresponding to the bulk phenomena
to the low-frequency side in the complex impedance plots
[33]. The intercept on the real axis Z0 is considered as the
Rdc of the aqueous polymeric solutions. From Figs. 5 and 7,
it seems that the Rdc values decrease with the increase of
PVA concentration of equal weight percentage PVA/PVP in
aqueous two-phase systems. Further, the value of Rdc increases
with the increase in weight percentage of PVA in the aqueous
PVAþ PVP two-phase system. This observation confirms that
the addition of PVA in water increases the dc conductance, Gdc

(1/Rdc). Further, it is also found that the higher molecular
weight PVP aqueous system of 5 and 10 wt% PVP concentra-
tions reduces the solution conductance, whereas the 15 wt%
PVP aqueous solution increases the solution conductance as
compared to the conductance value of the water.

5. Conclusion

The hydrophilic effect of aqueous PVA enhances the value
of real part of dielectric constant 30, whereas the hydrophobic
effect of aqueous PVP reduces the 30 values as compared to the
frequency dependent 30 values of water over the frequency
range of 20 Hz to 100 kHz. The 30 values vary monotonously
with the change in the volume percentage of the constituent
of the equal weight concentration aqueous PVAþ aqueous
PVP system, and also with the molecular weight of PVA/PVP.

The formation of hydrogen bonds between the water mole-
cules and the hydroxyl groups of PVA monomer units facili-
tates the PVA chain segmental motion, which enhances the
ionic conductivity. The formation of H bonds between the car-
bonyl groups of PVP monomer units and water molecules con-
tributes to the ionic conduction, but adversely affected by the
hydrophobic effect of higher molecular weight PVP. The coex-
isting aqueous PVAþ aqueous PVP two-phase system has mo-
notonous change in the ionic conduction behaviour with the
change in polymer molecular weight and volume concentra-
tion in the mixture.
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Fig. 7. Plots of Z00 versus Z0 of water, aqueous PVA14000, aqueous

PVP360000 solutions, and coexisting aqueous PVA14000þ PVP360000

two-phase systems at volume percentage ratios (1) 80:20, (2) 60:40, (3)

40:60, and (4) 20:80.
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The electric modulus formalism and the impedance formal-
ism confirm the contribution of ionic conduction and surface
effect in the low-frequency values of complex dielectric
constant of the studied single-phase and two-phase aqueous
polymeric (PVA/PVP) systems. The surface effect for the
nickel-plated cobalt electrodes in these aqueous polymeric
systems occurs below 50 kHz. The electrode polarization re-
laxation of these aqueous systems occurs in the range from
w3 ms to w20 ms. The comparative dielectric properties of
the aqueous PVAþ aqueous PVP solutions confirm that the
required volume ratio of these aqueous two-phase polymeric
solution can be mentioned by the dielectric measurement for
the grown of the in situ aqueous polymeric films of different
technological applications.

Acknowledgements

Authors gratefully acknowledge the financial support from
the Department of Science and Technology (DST), New Delhi,
through the Research Project No. SR/S2/CMP-9/2002.

References

[1] Peppas NA. Hydrogels in medicine and pharmacy. New York: Wiley;

1987.

[2] Fried JR. Polymer science and technology. Englewood Cliffs: Prentice-

Hall; 1995.

[3] Kumar M, Dhobale AR, Kumar M, Sastry MD. J Polym Sci Part B Polym

Phys 1997;35:187e92.

[4] Kuncer V, Filot G, Avramescu A, Podgorsek R, Biebriche M, Franke H.

J Alloys Compd 1997;257:285e92.

[5] Chen CY, Yu TL. Polymer 1997;38:2019e25.

[6] Sengwa RJ, Kaur K. Indian J Eng Mater Sci 2003;10:492e7.

[7] Gupta PN, Singh KP. Solid State Ionics Diffusion React 1996;86e
88:319e23.

[8] Assender HE, Windle AH. Polymer 1998;39:4295e302.
[9] Khare PK, Chandok RS. Indian J Phys A 1995;69:545e51.

[10] Kaatze U, Gottmann O, Podbielski R, Pottel R, Terveer U. J Phys Chem

1978;82:112e20.

[11] Shinyashiki N, Asaka N, Mashimo S, Yagihara S. J Chem Phys

1990;93:760e4.

[12] Miura N, Shinyashiki N, Mashimo S. J Chem Phys 1992;97:8722e6.

[13] Shinyashiki N, Matsumura Y, Miura N, Yagihara S, Mashimo S. J Phys

Chem 1994;98:13612e5.

[14] Shinyashiki N, Yagihara S, Arita I, Mashimo S. J Phys Chem B

1998;102:3249e51.

[15] Sengwa RJ, Kaur K. Polym Int 2000;49:1314e20.

[16] Ryabov YE, Feldman Y, Shinyashiki N, Yagihara S. J Chem Phys

2002;116:8610e5.

[17] Sengwa RJ, Abhilasha, More NM. Polymer 2003;44:2577e83.

[18] Sengwa RJ, Abhilasha, Mehrotra SC, Sharma BR. Indian J Phys

2004;78:1341e8.

[19] Sengwa RJ, Abhilasha, More NM, Mehrotra SC. J Polym Sci Part B

Polym Phys 2005;43:1134e43.

[20] Shinyashiki N, Sengwa RJ, Tsubotani S, Nakamura H, Sudo S,

Yagihara S. J Phys Chem A 2006;110:4953e7.

[21] Agilent 16452A liquid test fixture e operation and service manual.

Japan: Agilent Technologies Ltd; 2000.

[22] Macedo PB, Moynihan CT, Bose R. Phys Chem Glasses 1972;13:

171e9.

[23] Macdonald JR. Impedance spectroscopy e emphasing solid materials

and systems. New York: Wiley; 1987.

[24] Pissis P, Kyritsis A. Solid State Ionics 1997;97:105e13.

[25] Kyritsis A, Pissis P. J Polym Sci Part B Polym Phys 1997;35:1545e60.

[26] Matveeva ES. Synth Met 1996;79:127e39.

[27] Pissis P, Kyritsis A, Konsta AA, Daoukaki D. Colloids Surf A

1999;149:253e62.

[28] Moreno S, Rubio RG, Luengo G, Ortega F, Prolongo MG. Eur Phys J E

2001;4:173e82.

[29] Sengwa RJ, Sankhla S. Colloid Polym Sci, submitted for publication.

[30] Zhang S, Dou S, Colby RH, Runt J. J Non-Cryst Solids 2005;351:2825e

30.

[31] Klein RJ, Zhang S, Dou S, Jones BH, Colby RH, Runt J. J Chem Phys

2006;124:144903e8.

[32] Fu Y, Pathmanathan K, Stevens JR. J Chem Phys 1991;94:6323e9.

[33] Kyritsis A, Pissis P, Grammatikakis J. J Polym Sci Part B Polym Phys

1995;33:1737e50.


	Dielectric dispersion study of coexisting phases of aqueous polymeric solution: Poly(vinyl alcohol)+poly(vinyl pyrrolidone) two-phase systems
	Introduction
	Experimental
	Materials
	Measurements

	Results
	Discussion
	Complex dielectric constant
	Aqueous polymeric single-phase system
	Aqueous polymeric two-phase system

	Electric modulus formalism
	Complex impedance formalism

	Conclusion
	Acknowledgements
	References


