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The synthesis of the steroidal imidazole and nickel molybdate based composite membrane is described. The fabricated composite material
was characterized by using FT-IR, XRD, PSA and SEM and has been investigated for its functional, diffusive, structural, electrical and
optical properties. The SEM showed that membrane has random non-preferential orientation with no visible cracks and appeared to be
composed of dense and loose aggregation of small particles. No impurity peak was observed in the XRD pattern showing the single phase
composite formation. The IR spectra showed the characteristic absorption peaks of different functional groups present in the composite. It
was observed that real impedance decreased with the increase in frequency while AC conductivity gradually increased with the increase in
frequency of applied AC due to hopping phenomenon. It was also confirmed that with the increase in frequency, the dielectric constant
decreased and became almost constant at high frequencies for both compositions. The UV-vis spectrum of the synthesized composite
indicate band gap energy of about 3.1 eV showing a weak blue shift compared to 4.6 eV for the bulk. Due to their optical and electrical

properties, nano phase composite is promising candidate for use as selectivity of different cations.
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Introduction

Self-assembly of organic compounds with cholesteryl
groups has proved to be attractive in the field of
nanotechnology research. Some steroid derivatives are
known to form ordered structures which indicate
thermotropic and lyotropic liquid crystalline while other
derivatives form monolayers, multilayers and micelles.* The
steroid molecule  undergoes  rapid  uncatalyzed
transmembrane and intermembraneous transfer.2® The bulk
effects of cholesterol on membrane phase transitions and, as
a consequence, on membrane fluidity and permeability have
been well documented.*® In addition, the ordered arrays of
steroid molecules or mesogens result in the formation of
liquid crystalline (LC) mesophases during which orientation
order arises from parallel arrangement of cholesterol while
positional order is obtained from attractive forces that hold
the assembly together.6-°

The behavior of membrane systems has been extensively
investigated by studying the transport properties of artificial
membrane!®** and some of the recent analytical and
electronic techniques have added impetus to such
investigations. In recent years, many organic compounds
and their composites with strong acid functionality such as
polyarylene ether sulfone'®® and sulfonated poly (ether,
ether ketone) (SPEEK) %7 have showed excellent stabilities
and electrochemical properties. However, these membranes
require a high pressure humidification system in order to
keep liquid water in the polymer matrix.’® In these
membranes, the choice of both these components is a
problem of material selection, such as polymer-chain
rigidity, free volume and the altered interface, all of which
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influence transport through the membrane. These
membranes have several advantages over organic ion-
exchangers example; their ability to withstand ionizing
radiations and very high temperature without undergoing
degradation and their remarkably high selectivity for heavy
toxic metals. % 20

An organic-inorganic composite membrane (asymmetric
membrane) is comprised of more than one material and
structure and is usually prepared by multi-step method. The
top and sub layer of the membrane can be originated from
different polymeric materials with different structures, with
each layer able to be optimizing independently. Usually, the
top is a thin dense polymer skin formed over a microporous
support with a thickness around 0.15 to 1 um. A major
benefit of such hybrid research activities is linked to
synergistic effects of organic and inorganic matrix with
desired and improved properties in comparison to own
unique properties of each components, offering specific
advantages of the excellent separation performances,
optimum thermal and chemical stability, adaptability to the
harsh conditions and membrane forming ability.?-?* Here in
we report the synthesis of the composite membrane
comprised of steroidal imidazole and nickel molybdate and
study its structural, electrical and optical properties.

Experimental

Cholesterol, oxalyl chloride, trisodium molybdate and
titanium chloride were purchased from Merck and Sigma-
Aldrich with purity of 99.90% and used without further
purification. The IR spectra were recorded on KBr pellets
with Perkin Elmer RXI Spectrometer (without microscope)
and values are given in cm™. 1H and 13C NMR spectra were
run in CDClI;s on a JEOL Eclipse (400 MHz) instrument with
TMS as internal standard and values are given in ppm (9).
Mass spectra were recorded on a JEOL SX 102/DA-6000
Mass Spectrometer.
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Synthesis of nickel molybdate by sol-gel method

The nickel molybdate was prepared by sol-gel method®
by taking a 0.2 mol trisodium molybdate and mix with 0.2
mol titanium chloride (TiCls) with continuous stirring. The
pH of the mixture was adjusted at 7 by adding 1 M HNO3 or
NHs solutions. The mixing ratio of the reactants was 1:1
(viv). The nickel molybdate precipitate obtained was
washed with deionized water to removed free electrolyte
and then dried at 100 °C.

Synthesis of [4, 5-dioxo-2-thioxoimidazole-1-yl] 6-imino-5a-
cholestane

To a solution of steroidal thiosemicarbazone (1.5 mmol)
in absolute ethanol (20 mL), an equimolar amount of oxalyl
chloride was added. The reaction mixture was refluxed for 9
h. The progress and completion of the reaction was
monitored by thin layer chromatography. After completion
of reaction the excess solvent was removed to three fourths
of the original volume under reduced pressure. The reaction
mixture was then taken in diethyl ether, washed with water
and dried over anhydrous sodium sulphate. Evaporation of
solvents and recrystallization from methanol afforded
respective product. 2

Cl-00CO-C1

Scheme 1. Showing the formation of steroidal thioxoimidazole

Characterization of data

White powder; yield: 70 %, Mol. Formula C3oH47N30-S,
IR (KBr) v cm®: 3310 (NH), 1687, 1675 (C=0), 1518
(C=N), 1236 (C=S), 1029 (C-N); 'H NMR (400 MHz,
CDCls, ppm): ¢ 7.8 (s, 1H, NH, exchangeable with D,0),
1.17 (s, 3H, C10-CHs), 0.72 (s, 3H, C13-CH3), 0.94 & 0.84
(other methyl protons); **C NMR (100 MHz, CDCls, ppm):
0 182 (C=S), 163.6 (C=0), 161.3 (C=0), 154.3 (C=N); ESI
MS: m/z 513 [M*].

Preparation of membrane from steroidal imidazole and nickel
molybdate

The dried precipitate of nickel molybdate was grounded
into fine powder by pestle mortar and then sieved through
200 mesh (granule size < 0.075mm) with grounded steroidal
imidazole used as a binder. The optimum quantity of binder
was embedded in order to get membrane of adequate
mechanical strength. The membrane prepared by embedding
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25 % of binder was most suitable for this experiment. Those
containing large amount of binder (> 25 %) did not give
reproducible results while those containing lesser amount (<
20 %) were quite unstable. The mixture was kept into cast
die and then placed in an oven maintain at 200 °C for about
half an hour to equilibrate the reaction mixture, then die was
transferred to a pressure device (SL-89, UK) with pressure
maintained at 60 MPa.

Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectra of pure steroidal imidazole, nickel
molybdate and composite were taken by KBr disc method at
room temperature after drying the sample at 40 °C. The
grinding was done using pestle and mortar. To avoid
scattering, the particle size of the grounded mixture was
limited up to 2 pm.

XRD analysis

The crystallinity, structure and crystal size of pure nickel
molybdate and composite were determined with Rigaku
Diffractometer (2400) using graded d-space elliptical side-
by-side multilayer optics, monochromatic Cu Ko radiation A
= (0.15406 nm) in 26 range from 20 °C to 80 °C and an
imaging plate (R-Axis IV).

SEM analysis

The membrane morphology had been studied using
scanning electron microscopy.?’28 The information obtained
from SEM images provided guidance in the preparation of
well-ordered precipitates.-, The composite pore structure,
micro/macro porosity, homogeneity, thickness, cracks and
surface texture/morphology had been studied. 2% °

Particle size analysis

The particle size of composite was analyzed by using laser
diffraction. The sample had been mixed with distilled water
using ultrasonic treatment. The pre-requisite  for
understanding the performance of a composite membrane is
its complete physico-chemical characterization, which
involves the determination of all parameters like thickness,
porosity, swelling, water content which affects its electrical
properties. The above parameters are shown in Table 1.

Table 1. Physico-chemical characterization of composite
membrane
Parameterss Result
Thickness of the membrane (cm) 0.075
Water Content as % weight of wet membrane  0.074
Porosity 0.113
Swelling of %weight wet membrane No swelling

The membrane did not show any dispersion in water and
in other electrolyte solutions as there was no swelling found
in the membrane.
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Result and Discussion
Structural properties

The size of the suspended particle had been measured by
laser. The average particle size comes out to be 1157.88,
1473.33 and 1448.46 nm. The reason for such a high value
is the preparation method. Sol-gel method gives a uniform
and smaller particle size (Figure 1). SEM surface image of
the composite membrane of nickel molybdate and steroidal
imidazole was taken at 60 MPa pressure and are shown in
Figure 2A and the cross-sectional SEM micrograph of the
surface is shown in Figure 2B. Membrane had random non-
preferential orientation with no visible cracks and appeared
to be composed of dense and loose aggregation of small
particles. The membrane is macroscopically uniform in
thickness and porous in nature. The pores are in the form of
uniform capillaries that extend throughout the membrane,
and are evenly distributed throughout the surface of the
membrane.

&

T T T T T T T T ——T—T—T-TTTT[ T

0 50 100
patick size /am

0 W0 00 10000

Figure 1. The graph shown particle size analysis of the composite.

The thickness is still large as compared to the pore radius
and it is assumed that the membrane and adjacent solution
(interface) are in equilibrium. The distribution of charge
density and mobile species within the pores is assumed to be
uniform.

The peak position of the sample at 44.31° and 55.71°
shows the presence of nickel molybdate in composite which
was confirmed from the ICDD card No. 070356 and the
presence of peak position of steroidal imidazole at 21.7° in
composite was confirmed from the 1ICDD card no. 470787.
Further, no other impurity peak was observed in the XRD
pattern showing the single phase composite formation. The
typical XRD patterns of the pure nickel molybdate,®* and its
composite with steroidal imidazole are shown in Figure S1
(Supplementary Material).

(A) (B)

Figure 2. SEM images of surface (A) and cross-sectional surface
(B) of composite
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The IR spectra displays absorption bands in the range of
745, 821 and 964 cm*, which shows the presence of Mo-O
group (Figure S2a, Supplementary material) in nickel
molybdate. The Fig. S2b shows absorption peaks at v 1687
and 1685 cm* for two (C=0) groups and absorption peak at
1515 and 1236 cm?® for (C=N) and C=S, respectively.
These peaks confirms the presence of steroidal imidazole
fragment. The IR spectrum S2c (Supplementary material)
shows the combination of peaks of nickel molybdate and
steroidal imidazole, which confirms the formation of
composite 32-3

Electrical properties

The electrical properties such as impedance analysis, AC
conductivity, dielectric constant and dielectric loss of nickel
molybdate and of steroidal imidazole are determined using
impedance spectroscopy.

The nickel molybdate powder was pressed into pellets of
13 mm diameter and 0.84 mm thickness and composite
powder was pressed into pellet of 0.49 mm thickness for
electrical measurements. Dielectric and impedance
spectroscopy measurements were carried out in the
frequency range 1 kHz to 1 MHz using LCR meter (Agilent
48). The pellets were coated on adjacent faces with silver
paste, thereby forming parallel plate capacitor geometry.
The value of dielectric constant (¢') is calculated using the
the following formula:

&'=—"— 1)

where,
€0 = permittivity of free space,
d = thickness of pellet,

A= cross sectional area of the flat surface of the pellet,
Ccp= capacitance of the specimen in Farad (F)

The complex dielectric constant (¢”) of the samples was
calculated using the relation, as follows:

g'=g'tand 2

where tan § is the dielectric loss which is proportional to the
loss of energy from the applied field into the sample and is
therefore called as dielectric loss

The AC conductivity of the samples was determined using
the relation:

o, =&'gotano ©)

Where, o is the angular frequency
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Table 2. Variation in different electrical parameters as a function of composite

0o

Material Rgb () Cqb (F) gb Tgb

Ni-molybdate 5.3668E13 3.954E-20 4.712E5 2.122E-6

Composite 5.4128E6 3.2387E-13 4.7124E5 2.122E-06
Impedance analysis 120000 - i

100000 -

The electrical behavior of composite had been studied 60000 ] —
over a wide range of frequencies at room temperature using 40000 - .._...--""
AC technique of complex impedance spectroscopy. The . 0] o—*
electrical property of a material is exhibited by the g © 1000 2000 3000 4000 5000 6000 7000 60
appearance of semicircular arcs in Nyquist plots. Figure 5 & 5 GKTD”._
shows the complex impedance plots (Nyquist plots) of pure 1.0x10" “,..-"“"m"
nickel molybdate and composite. It is evident that both the -15x10' 4 e
samples show single semicircular behavior, which suggests 20x10' 1 ..-""'.
the predominance of grain boundary resistance over the 22"13 M_,..v-" !
grain resistance in both. The literature mentions that the -3,5x10"
resistivity of a polycrystalline material increases with 0 5000 10000 15000 20000 25000 30000
decreasing grain size.®® Z'(K)

Accordingly, smaller grains imply a larger number of
insulating grain boundaries which act as a barrier to the flow
of electrons. Smaller grains also imply smaller grain-grain
surface contact area and therefore a reduced electron flow.
In both samples the contribution of the grain boundary
becomes dominant and grain contribution is not seen. This is
the reason for which only single semicircular arc appears in
Cole-Cole plots of both samples. In terms of impedance
plots, each semicircular arc can be modeled by an equivalent
circuit consisting of a resistor (R) and a capacitor (C)
connected in parallel. The complex impedance of a system
can be written as the sum of real and imaginary part, as
follows:

Z'=27'+jz" @)

where, Z' and Z" are given by the following relations:

R Rop
Z'= = + £
1+( wg?Cg®Rg?)  1+(wgh?CahRgp*)
®)
7 = Rg’wgCq Rgp’wgbCeb
1+( wg2Cg?Rg?) = 1+( wgh?Cgp’Rgp”)
(6)
where,

Ra, Rab, Ca, Cap are the resistance and capacitance of the
grain and grain boundary, respectively, while

wa and g are the frequencies at the peaks of the
semicircles for grain and grain boundary, respectively.
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Figure 5. Nyquist plots for different compositions at room
temperature (NM-nickel molybdate)

The resistance values are obtained from the circular arc
intercepts on Z-axis, while the capacitance values can be
derived from the maximum height of the circular arcs. The
capacitances and the relaxation time can be calculated for
the grain and grain boundary by the expressions as follows:

1 1 1
C =—, = , =—=(C,R
g ngg g Rgbwgb g a)g g g’
Top =—— = CopR @)
gb wgb gbfigb
where,

Ry, Rgb, Cg, Cgo are the resistance and capacitance of
the grain and grain boundary, respectively.

oy and og, are the frequencies at the peaks of the
semicircles for grain and grain boundary, respectively.

g, and tgp are the time constants of an RC circuit of the
grain and grain boundary, respectively.

The grain and grain boundary parameters like resistance
and capacitance are obtained by analyzing the impedance
data using nonlinear least square fitting method and are
shown in Table 2.

It has been observed that grain boundary resistance R,
decreases while the capacitance Cg, increases with the
addition of steroidal imidazole in nickel molybdate.

The variation in real part of impedance (Z') as a function
of frequency is shown in Figure 6. It can be observed that Z’
decreases with the increase in frequency for all the
composition. This is due to increase in conductivity with
frequency resulting from hopping phenomenon.

16
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Figure 6. Variation in real impedance (Z') as a function of
frequency and composition (NM-nickel molybdate)
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Figure 7. Variation in imaginary impedance Z" with frequency for
different compositions (NM-nickel molybdate)

It is seen from Figure 7 that Z' had strong frequency
dependence in the lower frequency and show frequency
independent behavior in the higher frequency region. This
can be attributed to the fact that low frequency region
corresponds to high resistivity due to the effectiveness of
resistive grain boundaries in this region. Figure 7 shows the
variation in reactive part of impedance (Z’) as a function of
frequency and composition.

It shows the same behavior as that of Z'. Z" increases with
the addition of steroidal imidazole in composite due to the
decrease in Cg;, as shown in Table 2. This can be attributed
to the fact that Z" is inversely proportional to capacitance as
shown below:

1
jwC

7" = 8)

Thus, as the steroidal imidazole is added in composite,
Cygp decreases leading to the increase in Z". The j represents
the phase shift or phase angle between voltage and current.
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A.C conductivity

The variation in electrical conductivity with frequency for
different compositions at room temperature is shown in
Figure 8. It is clear from the Figure that the AC conductivity
increases with the increase in frequency for both
compositions. The total conductivity of the system is given
by:

o=0,(T)+o(wT) 9)

Here, first term on R.H.S is DC conductivity which is
independent of frequency. The second term is pure AC
conductivity due to the electron hopping between the metal
ions. It has been observed that AC conductivity gradually
increases with the increase in frequency of applied AC field
because the increase in frequency enhances the electron
hopping frequency.
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Figure 8. Variation in AC conductivity with frequency for
different compositions (NM-nickel molybdate)

Dielectric properties

The complex dielectric permittivity of pure nickel
molybdate and composite was measured as a function of
frequency at room temperature by equation 10.

=g —ig (3.10)

where
¢ is real part of dielectric constant and describes the
stored energy while

¢” is the imaginary part of the dielectric constant,
which describes the dissipated energy.
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The dielectric constant & is used as a function of
frequency for both nickel molybdate and composite is
shown in Figure 9. The i (iota) is the imaginary constant that
defines the imaginary part of dielectric constant in the
equation 10. It is shown that with increase in frequency, the
dielectric constant decreases and becomes almost constant at
high frequencies for both compositions.
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Figure 9. Variation in dielectric constant &' as a function of
frequency and composition (NM-nickel molybdate)

This behavior can be explained using Maxwell-Wagner
interfacial model. According to this model, a dielectric
medium is considered to be composed of double layers, well
conducting grains which are separated by poorly conducting
or resistive grain boundaries. Under the application of
external electric field, the charge carriers can easily migrate
the grains but are accumulated at the grain boundaries. This
process can produce large polarization and high dielectric
constant. The higher value of dielectric constant can also be
explained on the basis of interfacial/space charge
polarization due to non-homogeneous dielectric structure.
Loss tangent or loss factor fan o represents the energy
dissipation in the dielectric system. The Figure 10 shows
the variation in dielectric loss factor with frequency at room

temperature.
0.055
0050 o
0.040
0,035

5 0.030

E i 7.0
0.14 =
0.12 =
008 o
p.o8 o
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Ing f[HzJ

Figure 10. Variation in loss tangent tan 8 with frequency for all the
compositions (NM-nickel molybdate)
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It had been observed that zan ¢ decreases with the increase
in frequency, which may be due to the space charge
polarization. One semicircle for composite suggests the
dominance of grain boundary resistance. Moreover, the
grain boundary resistance Rgb is found to decrease, while
capacitance Cgb is observed to increase with addition of
steroidal imidazole. The AC conductivity shows the
frequency dependent behavior. The data reveals that the
dielectric constant and tan ¢ exhibit the normal dielectric
behavior and decreases with the increase in frequency.

Optical properties

In order to describe the photo-absorption behavior of the
nickel molybdate and composite, certain amount of samples
were uniformly dispersed in ethanol and then UV-visible
absorption spectra were recorded. Figure 11 shows the UV-
vis absorption spectra of nickel molybdate and composite.

T T T T T
300 400 500 GO0 700 800

Wave lenght (nm)

Figure 11. UV-vis absorption spectrum of nickel molybdate and
composite (NM-nickel molybdate)

It can be seen that an extremely strong absorption occurs
at the wavelength 250 nm and 295 nm for nickel molybdate
and composite, respectively, but relatively strong absorption
in the visible region (400 nm) for composite can also be
seen (Figure 11). This increase in the wavelength in UV-vis
absorption spectra of composite may be due to the presence
of unsaturation in the functional groups present in the
imidazole moiety of the steroidal molecule. The band gap
energy calculated by extrapolating the best linear fit (shown
in Figure 12a and 12b) was found to be 4.6 eV and 3.1 eV
for nickel molybdate and composite, respectively.

The decrease in the band gap energy of composite than
nickel molybdate is due to the presence of unsaturated
carbonyl groups in steroidal imidazole which may cause
conjugation with the lone pairs of electrons of NH that leads
to the decrease in the energy gap between the HOMO and
LUMO in the molecule. Thus energy of maximum
wavelength is required to cause the absorption, hence red
shift is observed in composite.
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Figure 12a. The optical band gap energy of (a) nickel molybdate
(NM) (b) Composite

Conclusion

In this work, sample characterization had been done by
XRD, FTIR and SEM. Steroidal imidazole based composite
membrane of nickel molybdate was quite stable and did not
show any dispersion in water and in other electrolyte
solutions. From the optical absorption spectra, the band gap
of nickel molybdate and composite of nickel molybdate and
steroidal imidazole was found to be 4.6 eV and 3.1 eV,
respectively. The decrease in the band gap shows that the
conductivity of composite had been increased. The electrical
behavior of composite had been studied over a wide range
of frequencies. One semicircle for sample suggested that
there is a dominance of grain boundary resistance in the
samples. Moreover, the grain boundary resistance Ry, iS
found to decrease, while grain boundary capacitance Cgyp is
increase in case of composite as compared to pure nickel
molybdate. The AC conductivity shows the frequency
dependent behavior. The data reveals that the dielectric
constant and tan o exhibited the normal dielectric behavior
and decreases with the increase in frequency.
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