Asian Journal of Chemistry;, Vol. 34, No. 12 (2022), 3132-3144 €3 ASIAN JOURNAL

ASIAN JOURNAL OF CHEMISTRY

5121 Journa) of Chems

https://doi.org/10.14233/ajchem.2022.24012

b _ OF CHEMISTRY

Editor-in-Chief
DR RK. AGARWAL

Dielectric, AC Conductance of Chalcone Moiety, Metal Oxide
Nanocomposite Doped Thin Polymer Film: Synthesis and Characterization

B. Ayyanar"®, J. SuresH"?, V. THANGARAI"?, S. KARTHIKEYAN*®, A. ARUN'® and M. KayaLvizaI"™

'Department of Chemistry, Kalaignar Karunanidhi Government Arts College, Tiruvannamalai-606603, India
*Department of Physics, Madras Christian College, Chennai-600059, India

*Corresponding author: E-mail: kayalpappa78 @ gmail.com

Received: 8 August 2022;

high AC conductance of 1.12 x 10° S cm™ at room temperature.

Accepted: 9 September 2022;

INTRODUCTION

Researchers have been working for a long period of time
to discover an efficient electric conducting polymer film (ECPF)
because conducting polymer film is so important in batteries
and other electrical devices [ 1-4]. Enhancements such as specific
strength, specific modulus, corrosion resistance and thermal
stability are frequently added to conducting polymer films
[5-7]. Different polymers, including naturally derived polymers
like starch, chitin, cellulose and chitosan (CS), are utilized as
hosting materials for performing polymer film synthesis [8,9].
Polyvinyl alcohol (PVA), among other polymers, is frequently
utilized for the manufacturing of polymeric composite films
due to its water solubility, mechanical strength, ease of hand-
ling, non-toxic properties and high stability [ 10]. Polymer nano-
composites outperform traditional micro and macrocomposites
in terms of characteristics and may be created by adding nano-
sized particles into polymer matrices. Polymer nanocomposites
are being intensively studied for a wide range of applications
since, they combine the multifunctional characteristics of the
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organic and inorganic materials. These kinds of composites,
which are made from a transparent polymer host matrix cont-
aining metal oxide nanoparticles, have attracted the attention
of research groups due to their potential technological applica-
tions, such as transistors for electronic switches, energy storage
electrodes, solar cells and bio-ink for 3D bio-printing [11,12].

Zinc oxide is a n-type semiconductor with a large band
gap (3.3 eV). When compared to bulk ZnO, nanocrystalline
ZnO possesses superior optical, mechanical, electrical and
chemical characteristics. Nano-sized ZnO has prospective appli-
cations in the fields of effect transistors, nano-generators, solar
cells and photocatalysis [13]. Thermally stable chitosan-based
PVA-ZnO bio-nanocomposites were produced and evaluated
for organic decolorization [ 14]. In general, following nanocom-
posite synthesis with metal or metal oxide nanoparticles, the
mechanical and thermal characteristics of PVA were enhanced.
When PVA dissolves in aqueous media, it loses its mechanical
and thermal characteristics due to the breakdown of inter and
intramolecular hydrogen bonding. However, when the nano-
composite is formed, nanofillers fill the gaps between the
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polymer strands. Thus, the interaction is influenced by a variety
of variables, such as the polarity of the PVA and the functional
groups accessible to the nanofillers. Cerium nanoparticles are
gaining popularity due to their beneficial features, such as
high surface area, large pore volume, strong thermal stability,
ionic conductivity and dielectric properties and applied as
electrolyte materials for solid oxide fuel cells [15], catalysts
[16], gas sensors [17], hydrogen storage materials [18,19], super-
conducting microwave devices [20], photovoltaic applications
[21], etc.

The literature on polymer composites of complex metal
oxide nanocomposites is very limited, but several articles are
available on nanometal oxide doped polymeric composite
films, so we intend to prepare a polymer composite film containing
a complex metal oxide nanocomposite and find its electrical
properties. There was a scarcity of literature on versatile organic
molecules like chalcone added to polymeric composite films.
For optical use, organic compounds have been added to PVA-
like polymers [22,23]. Study on the organic and inorganic
compounds added to polymeric composite films has also decre-
ased, soitis decided to prepare a polymer composite film having
both organic and inorganic materials. This article reports the
preparation, characterization and electrical properties of metal
oxide nanocomposite doped thin polymer film containing
polyvinyl alcohol (PVA) and chitosan (CS).

EXPERIMENTAL

Aldrich Chemicals provided PVA (m.w. 79,000-90,000)
and chitosan (CS) at high density and used as received. Glacial
acetic acid was supplied by S.D. Fine Chemicals and 5.6%
diluted glacial acetic acid (GAA) was used as solvent. As doping
agents, metal oxide nanocomposite MONC4 (Ces ss, St 45, Feu ss,
Zngas, O145), MONCS (Cesss, Cs2.00, Feass, Znoas, Ouass) [24]
and 1-(2,4-dichlorophenyl)-3-(4-hydroxy-phenyl)-prop-2-en-1-
one (chalcone, DCHP) were synthesized by reported methods
[25].

Characterization: An FT-IR ALPHA Bruker instrument
was used to characterize the produced thin polymer composite
film. A DuPont 951 analyzer was used to determine the thermal
behaviour of the produced thin film. In an inert environment
with a nitrogen gas flow rate of 100 mL/min, the film was
heated from 30 to 800 °C at a heating flow rate of 10 °C/min.
The XRD diffraction pattern was discovered using a Siemens
D5005 diffractometer (CuKo (= 0.154178 nm)) radiation. The
elemental characteristics of the produced film were determined
using the XPS (ESCA-3 mark II (Al K-1486.6 €V)) instrument.
The elemental characteristics of the produced polymer films
are studied using EDX (TESCAN MIRA 3 XMU) instrument.

Surface morphology was examined using a FE-SEM model
ULTRA-55 and conductivity was determined using a HOIOKI-
3532 LCZ meter.

Synthesis of polymer composite conducting thin films:
Using a well-known method, a solid thin conducting polymer
composite film was prepared. The different weight percentages
of PVA, CS and DCHP (Table-1) were placed in an round bottom
flask containing 5.6% of 50 mL of GAA. Stirred the solution
for 3 h at 50 °C, then pour it into a perti dish. The evaporation
of the GAA solvent produces a thin layer with a size of 0.03
cm’. The dried thin polymer composite layer was peeled off
and analyzed.

Synthesis of a C1 polymer film: PVA (1.000 g) and CS
(0.990 g) were placed in an round bottom flask containing 50
mL of 5.6% GAA, swirled to achieve a uniform solution and
then 0.010 g of MONC4 was added and stirred for 3 hat 50 °C
before being placed in a petridish. The evaporation of GAA
leads to the formation of a thin polymer composite film. FT-
IR (cm™): 3562 (OH, CS), 3381 (OH of DCHP), 3177 (OH of
PVA), 3022 (arom. CH of DCHP), 2925 (alkane), 2853 (C-H),
1600 (CO of DCHP), 1592 (CH=CH of DCHP), 1606, 1535
(C-0 of CS), 1413 (C-O-C of CS), 611 (out of plane NH of CS).

Synthesis of C1AC1 polymer film: PVA (1.000 g) and
CS (0.980 g) were placed in an round bottom flask containing
50 mL of 5.6% GAA, swirled to obtain a uniform solution
and then 0.010 g of MONC4 and 0.010 g of DCHP were added
and stirred for 3 h at 50 °C before being placed in a petridish.
The evaporation of GAA leads to the formation of a thin
polymer composite film. FT-IR (KBT, Vi, cm™): 3560 (OH,
CS), 3380 (OH of DCHP), 3255 (OH of PVA), 3021 (arom.
CH of DCHP), 2924 (alkane), 2850 (C-H), 1647 (CO of DCHP),
1552 (CH=CH of DCHP), 1170 (C-O-C of CS), 709 (out of
plane NH of CS), 563 (Fe-0O), 509 (Zn-0O).

Synthesis of D1 polymer film: PVA (1.000 g) and CS
(0.990 g) were placed in an round bottom flask containing 50
mL of 5.6% GAA, swirled to achieve a uniform solution and
then 0.010 g of MONCS5 was added and stirred for 3 hat 50 °C
before being placed in a petridish. The evaporation of GAA
solvent leads to the formation of a thin polymer composite
film. FT-IR (KBr, Vi, cm™): 3562 (OH, CS), 3385 (OH of
DCHP), 3257 (OH of PVA), 3026 (arom. CH of DCHP), 2929
(alkane), 2853 (C-H), 1647 (CO of DCHP), 1532 (C-O of CS),
1326 (C-O-C of CS), 563 (Fe-0), 509 (Zn-0O), 447 (Ce-0O).

D1AC1 polymer film synthesis: PVA (1.000 g) and CS
(0.980 g) were placed in an round bottom flask containing 50
mL of 5.6% GAA, swirled to obtain a uniform solution and
then 0.010 g of MONCS and 0.010 g of DCHP were added
and stirred for 3 h at 50 °C before being placed in a petri dish.

TABLE-1
WEIGHT PERCENTAGE OF PVA, Cs, METAL OXIDE NANO COMPOSITE
(Cesss, Sty 45, Feyss, Zng s Og4,5) & (Ceyss, Csy9, Feyss, Zng 45, O14,5), DCHP

Polymer film Wt.% of Wt.% of

‘Wt.% metal oxide nano composite

Wt.% metal oxide nano composite

code PVA (g) Cs (2) DCHP () (Ces.s5, St14s, Feyss, Zngas O1415) (8) (Ces.ss. Csa00, Feuss, Znopss, 01400 (2)
Cl 1 0.990 - 0.01 -
C1AC1 1 0.980 0.01 0.01 -
D1 1 0.990 - - 0.01
DIACI 1 0.980 0.01 - 0.01
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The evaporation of glacial acetic acid leads to the formation
of a thin polymer composite film. FT-IR (KBr, Vi, cm™):
3563 (OH, CS), 3386 (OH of DCHP), 3257 (OH of PVA),
3027 (arom. CH of DCHP), 2929 (alkane), 2853 (C-H), 1647
(CO of DCHP), 1559 (CH=CH of DCHP), 1606, 1535 (C-O
of CS), 1174 (C-O-C of CS), 713 (out of plane NH of CS).

RESULTS AND DISCUSSION

FT-IR studies: Figs. 1 and 2 show the FT-IR spectra of
the prepared films C1, CIACI1, D1 and D1ACI. The stretching
frequency measured at around 3257 cm™ confirmed that the
hydroxyl functional group of PVA is not engaged in any
chemical interaction with the doping agents used, MONC4 or
MONCS5 or DCHP. This has also been noted before for this
type of polymer composite film [26]. Another polymer, CS,
containing functional groups —OH and —NH, had no chemical
interaction with the doping agents used. The —OH of CS stret-
ching appeared at about 3585 cm™, whereas —NH of CS appeared
at ~611 cm™ (out of plane frequency).

The FT-IR spectrum of the prepared polymer film C1
exhibits a distinctive peak at 563 cm™, which verified the
existence of Fe-O, whereas a peak at 424 cm™ corresponds to
the stretching frequency of Sr and a peak at 447 cm™ belongs
to Ce, with Zn-O stretching frequency at 509 cm™. The
prepared film C1ACI1, which includes MONC4 and DCHP
chalcone, displays a typical peak for metal oxide as seen in
C1 as well as some stretching frequency that corresponds to
the added chalcone. The peaks at 1647 cm™ and 1552 cm’
correspond to the DCHP C=0 and C=C frequencies, respec-
tively. These two peaks may also be seen in the thin film D1ACI,
which also includes DCHP (Fig. 2). The only difference
between C1 and D1 polymer films is that the former includes
Sr-O while the latter contains Cs-O. The Sr-O stretching
frequency was at 424 cm™ (Fig. 1), while the Cs-O stretching
frequency was 1134 cm™ (Fig. 2). The stretching frequency of
the functional groups PVA, CS and DCHP were shown as such
and it was determined that there was no chemical interaction
between the host polymer PVA, CS and the doping agents.
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Fig. 1. FT-IR spectra of C1 and C1ACT1 thin films
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Thermal analysis: The TGA method is used to determine
the thermal behaviour of the produced film. Fig. 3 shows the
thermal breakdown behaviour of produced films C1, C1AC1
and D1, D1ACI. The whole polymer film undergoes multi-
stage thermal decomposition. The first decomposition occurs
between 80 and 220 °C, with a 26% weight loss, which could
be attributed to moisture loss. The second decomposition occurs
between 220-520 °C, which could correspond to side chain
decay on heating and the third decomposition begins at 520
°C and ends at 900 °C, which confirms the loss of the polymer
network.

The produced polymer films C1ACI and D1AC1 contain
MONC and DCHP chalcones. Fig. 3 clearly illustrated the
breakdown of the added chalcone moiety, which occurs at
about 300 °C. Thermal curves of DCHP added film and other
films show a significant difference. Although the thermal break-
down behaviour of the polymer composite film does not differ
significantly between C1 and D1 polymer films and metal oxides
Sr-O and Cs-0O, respectively. Table-2 shows the decomposition
percentage as well as three decomposition temperatures. Since,
metal oxide nanocomposites are present in all four prepared
polymer films, complete decomposition is not observed [27,28].

XRD studies: Figs. 4 and 5 shows the XRD spectra of
Cl1, C1ACI and D1, D1ACI, with a significant peaks at 26
of around 20° and 40°, respectively (Table-2). The semi-crysta-
Iline character of the prepared thin polymer composite film is
reflected. This type of semi-crystalline behaviour for these
kinds of films are matched with the literature [26,29,30]. This

sort of diffraction pattern was found throughout the whole
prepared thin film. Addition of metal oxide to polymers for
composite production increases the crystallinity of the polymer
[26]. Thus, the addition of doping agents MONC4, MONCS5
and DCHP improves the crystallinity of PVA.

SEM studies: Figs. 6 and 7 show SEM images of Cl1,
C1ACI1 and DI, DIACI. The images show smooth surfaces
with MONC4, MONCS5 and DCHP uniformly dispersed over
the surface of polymer matrix. At 5 um, a bud-like structure
was discovered on the surface of thin composite film, while a
blossoming flower-like structure was discovered at 1 wm. This
type of surface morphological behaviour has already been
observed [26,31].

EDX studies: Figs. 8 and 9 show the EDX spectrum of a
prepared doped thin polymer film, which reveals the presence
of several components in the film. The entire produced film
comprises carbon, hydrogen, oxygen, nitrogen and CS polymer
impurity (Ca). In addition to the aforementioned elements,
the C1 film contains doped metals Fe, Str, Zn and Ce. The D1
film indicates the presence of doping metals Fe, Cs, Zn and
Ce, as well as the previously stated common element. The
prepared polymer composite thin film C1AC1, D1ACI demons-
trates the above-mentioned doping metals of C1, D1 and chlorine
of doping chalcone. The existence of PVA, CS polymer and
MONC4, MONCS5 and DCHP chalcone elements is confirmed
by EDX analysis.

XPS studies: The presence of various elements with
different oxidation states is shown by the XPS of the produced
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Fig. 3. Thermogram of C1, C1AC1 D1 and D1ACI thin films
TABLE-2
FT-IR, TGA AND XRD VALUES OF C1, C1ACI1, D1 AND D1AC1 THIN FILMS
Analvsis Synthesized thin polymer film
U Cl CIACI DI DIACI
3177 (OH), 1600 (CO), 3255 (OH), 1647 (CO), 3257(0OH), 1647(CO), 3257 (OH), 1647 (CO),
FT-IR (cm™) 1413 (COC), 557 (NH), 1552 (CH=CH), 563 1326(COC), 557 (NH), 1559 (CH=CH), 563 (Fe-
563 (Fe-0), 447 (Ce-0),  (Fe-0), 447 (Ce-0), 424 563 (Fe-0), 447 (Ce-0), 0), 447 (Ce-0), 1134
424 (Sr-0), 509 (Zn-O) (Sr-0), 509 (Zn-O 1134(Cs-0), 509 (Zn-O) (Cs-0), 509 (Zn-0)
1* decomposition (°C) 80-220 80-230 80-200 80-220
TGA 2" decomposition (°C) 220-520 230-505 200-550 220-520
3" decomposition (°C) 520-900 505-900 550-900 520-900
XRD, 26 19.6, 40.5 19.5, 40.5 19.7,41.3 20.5, 40.5
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Fig. 7. SEM images of D1 and D1ACI1 thin films
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doped thin polymer films C1 and D1 (Figs. 10 and 11). Figs.
10a and 11a show the survey spectra of MONC4 and MONCS,
confirming that the dopant metals are not in the same oxidation
state. MONC4 contains the transition metals Ce, Fe, Zn and Sr
(Fig. 10). The presence of Ce at binding energy (BEs) of 900.66

eV (3ds») and 882.13 eV (3ds,) (Fig. 10b) shows its presence
within the thin film. The element iron occurs in its +3 oxidation
state, which is seen in the XPS spectrum at 718.81 eV (2p1,,)
and 710.53 eV (2ps) (Fig. 10c¢). Sr, on the other hand, emerged
in its +2 oxidation state and exhibits two peaks in the XPS
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Fig. 10. XPS spectra of C1 (a: survey, b: cerium, c: iron, d: strontium, e: zinc) thin film
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spectra, the first at 135.37 eV (3d5,,) and the second at 133.49
eV (3dsp) (Fig. 10d). Fig. 10e depicts a zinc XPS spectrum
with two distinct peaks, one at 1044.81eV (2p..2) and the other
at 1021.61eV (2ps). These two peaks confirmed that the Zn
present in the thin film is in Zn** oxidation state. The Cs XPS
spectra in Fig. 11d shows two prominent peaks, one at 737.73
eV (3ds») and the other at 724.01 eV (3dsp).

These peaks demonstrate that Cs exists in its +2 oxidation
state. Fig. 11f-g show the oxygen and carbon XPS spectra,
respectively. Carbon emerged with a BE of 284.45 eV while
oxygen appeared at BE of 531.49 eV. The CS nitrogen occurred
at399.41 eV (Fig. 11h), while the CS impurity calcium appeared
at 347.13 eV (2psp) and 350.67 eV (2pip) (Fig. 111) [24,26].

Electrical impedance studies: Figs. 12 and 13, depict
the produced cole—cole plot of PVA-CS and its doped polymer
thin films. At ambient temperature, four prepared thin film
impedance graphs display a semi-circle, but at higher temp-
eratures, the semi-circle vanishes, proved that no resistance
exist [24]. In the prohibited energy gap, the doping metal ions
generate extra energy levels. When the temperature rises, the
doped transition metal ions in the polymer matrix become
easily excited, resulting in an increase in the number of free
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electrons. As aresult, conductivity increases at higher tempera-
tures as doping enhances the electrical conductivity.

Conduction studies: The conduction spectra are shown
in Figs. 14 & 15, which provides the conduction values of the
prepared doped thin polymeric composite films C1ACI,
DI1ACI. Two regions were observed viz. (i) a dispersive area
at low frequency and (ii) a plateau region at high frequency. As
aresult, it is evident that the conduction of doped thin polymer
film is frequency dependent or the frequency component has
a signi-ficant impact on conduction. The conductivity of the
prepared polymer composite thin film varies with frequency,
although conduction does not alter much at extremely high
frequencies, even at greater temperatures, as demonstrated by
previous researchers [32] and this type of system obeys the
following power law:

0, (0)=0, +A(®)’ -2

where dc, A and s denote direct current conductivity, pre-
exponential factor (frequency independent), angular frequency
and frequency exponent, respectively. The hopping conduction
channel is used for film conduction and conductivity varies
with temperature, type of historical polymer, doped materials
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Fig. 12. Cole-Cole spectra of C1 and C1AC] thin films
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Fig. 13. Cole-Cole spectra of D1 and D1ACT1 thin films
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and applied frequency [26,32]. Conduction is followed by this
type of doped thin polymer film. At the lowest frequency, the
measured polymer film has low conductivity. This is due to ion
accretion at the interface, which prevents the ions from moving
freely, causing conductance to be dispersed. However, increased
conduction at high temperatures is caused by the formation of
an empty volume in the polymer chain, which allows the ions
to flow freely in the host polymer matrix. The C1 film’s AC
conductance value at room temperature is 2.64 x 107, which
is higher than C1AC1’s AC conductance value (2.58 x 10¥)
and DIAC1’s conductance (3.29 x 107) is also less than D1
(1.12 x 10, indicating that the DCHP chalcone disturbs the
conductivity of MONC doped polymer composite film. These
results conclude that the presence of organic molecules alone
shows very high AC conductance, whereas when mixed with
MONC, conductivity decreases (Table-3).

Dielectric studies: The dielectric spectra of a prepared
doped thin polymer film clearly demonstrated this frequency-
dependent dielectric nature (Figs. 16-19). Tables 4 and 5 show

TABLE-3
AC CONDUCTIVITY VALUES OF
C1, C1AC1, D1 AND D1ACI1 THIN FILMS

Temp. AC conductivity (S cm™)

(©) Cl1 ClACI DI DIAC1
35 264x 107  258x10°  1.12x10°  3.29x 107
45 533x107  4.15x 10  1.83x10°  4.99 x 107
55 6.66x 107  7.80x10°  3.08x 10°  8.34x 107
65 126x10°  1.71x 107  1.04x10° 1.63x10°
75 1.94x10°  629x 107  1.11x10° 3.71x10°
85 286x10° 3.99x10° 260x10° 923 x10°
95 6.16x 10°  7.05x10°  6.13x10° 951 x 10°

the dielectric values of C1, C1ACI1, D1, DIACI1 determined
in the low frequency region due to high resistivity and improved
interfacial polarization. DCHP chalcone doped with MONC
polymer film shows a lesser dielectric value than DCHP undoped
polymer film. The doped organic molecules may improve ionic
transitions in the polymer matrix. The host PVA also contri-
butes to the improvement of the dielectric properties [26].
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Fig. 14. Conduction spectra of C1 and C1AC1 thin films
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TABLE-4
DIELECTRIC CONSTANT VALUES OF
C1, C1ACI1, D1 AND D1ACI1 THIN FILMS
Temp. Dielectric constant
O Cl CIACI DI DIACI
35 4.23 x 10% 5.41 x 10*! 2.78 x 10% 6.58 x 10*?
45 1.05 x 10" 8.51 x 10*! 4.95 x 10* 1.08 x 10"
55 1.35 x 10% 1.75 x 10* 8.92 x 10* 1.92 x 10%
65 1.63 x 107 4.13 x 10* 1.71 x 10** 4.08 x 10*
75 232 x 107 1.79 x 10" 3.42 x 10* 1.01 x 10**
85 5.83 x 10% 3.59 x 10* 7.20 x 10** 2.57 x 10*
95 2.16 x 10* 5.92 x 10* 1.37 x 10* 5.83 x 10
TABLE-5
DIELECTRIC LOSS VALUES OF
Cl1, C1ACI, D1 AND D1AC1 THIN FILMS
Temp. Dielectric loss
O Cl ClAC1 DIl DIACI
35 2.26 x 10*? 2.62 x 10" 8.74 x 10*? 2.46 x 10*?
45 4.20 x 10* 3.89 x 10*! 1.30 x 10% 3.53 x 10*?
55 5.46 x 10* 7.07 x 10*! 1.95 x 10" 5.50 x 10*?
65 6.60 x 10* 1.39 x 10* 3.05 x 10% 9.69 x 10*
75 8.85 x 10*? 4.10 x 10* 478 x 10% 1.88 x 10%
85 1.23 x 10" 9.57 x 10* 7.49 x 10* 3.61 x 10%
95 3.78 x 10* 2.44 x 10% 1.07 x 10* 6.09 x 10*
Conclusion

To prepare conducting thin polymeric composite films,
polyvinyl alcohol (PVA), chitosan (CS) and doping agents
DCHP, MONC4 and MONCS5 were used. The characteristics
of four prepared films were characterized using FT-IR, TGA,
XRD, EDX, XPS and SEM analysis. Studies showed that there
was no chemical interaction between the host polymer and
the doping compounds MONC4 and MONCS or DCHP. Due
to the good thermal stability, the polymeric composite films
experienced multi-stage decomposition when heated. The
doping agents were dispersed uniformly throughout the
polymeric matrix. The SEM pictures of the films revealed a
blooming-bud-like structure, whereas XRD examination verifies
the polymer matrix’s semi-crystalline structure, while EDX

and XPS analyses show the presence of the different elements
present in the film. The XPS analysis also revealed information
about the oxidation state of the added metals. At ambient
temperature, the prepared polymer film having both metal oxide
nanocomposite and chalcone revealed an excellent AC conduc-
tance (1.12 x 10° S cm™).
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