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Abstract The present work describes the synthesis and properties of nanomagnetic polymer composites (MPCs) com-
prising iron oxide nanoparticles as a filler and polyvinyl pyrrolidone (PVP) as polymer shell. The iron oxide nanoparticles
were synthesized under alkaline medium using iron (II) salt. The nanocomposites were synthesized through free radical
polymerization under microwave (MW) irradiation. X-ray diffraction reveals the uniform dispersion of iron oxide nanopar-
ticles into polymer matrix. Furthermore, scanning electron microscopy images ensure the development of polymer shell
around the nanomagnetic core. The magnetic behaviour of MPCs was studied through vibration sample magnetometry. The
thermal durability of MPCs was assessed through simultaneous thermogravimetric-differential thermal analysis-differential
thermogravimetry. With MW power ranging 25 to 100 W, the polymerization reactions were progressed resulting in MPCs

with improved yield over neat PVP.
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1. Introduction

Recently, great attention has been drawn towards the
synthesis and studies of polymer based nanomagnetic com-
posites as they have become a powerful tool for applications
in industry, science, and medicine. In particular, the unique
magnetic, catalytic and biocompatible properties of nanoma-
gnetic polymer composites (MPCs) make it attractive for use
in a variety of area such as recording materials, catalysts,
pigment, printing ink, magnetic resonance imaging, heating
mediators and drug carriers in magnetic drug targeting[ 1-2].
Previously, various strategies based on conventional tech-
niques such as dispersion polymerization[3], suspension[4],
atom transfer radical polymerization[5], emulsion[6], and
electrospinning[7] etc. have been adopted for the develop-
ment of well crystalline and stable MPCs. Such methods
suffer from difficulty to multistep recovery and isolation of
product from the reaction batch. The other drawbacks in-
clude the intensive use of toxic organic solvents. Thus, the
conventional methods are rather tedious and hazardous to
environment in the production of MPCs. Recent attention
has been turned to the development of synthetic procedures
that are environmentally friendly in order to minimize
chemical waste as well as potential safety issues associated
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with the synthesis and processing of polymers and related
nanomagnetic composites. Among these alternatives, MW
assisted methods offer faster and cleaner way of polymeri-
zation[8-9]. The direct heating of molecules under MW
irradiation leads to very fast and homogeneous heating that
has resulted in the reduction of side reactions, cleaner
products and higher yields through rapid energy transfer and
high energy efficiency[10-12].

Poly vinyl pyrrolidone (PVP) provides numerous potential
biomedical and packaging applications as it is reactive, in-
expensive, nontoxic, hydrophilic and biocompatible[13].
However, nanomagnetic polymer composites (MPCs) de-
rived from PVP and related copolymers have been synthe-
sized in presence of toxic and flammable organic solvents
but no report is available to synthesize the proposed MPCs
through infusing iron oxide nanoparticles (IONs) into poly
vinyl pyrrolidone through free radical polymerization of
N-vinyl-2- pyrrolidone (NVP) under MW irradiation[14-17].
Herein, we have reported the MW assisted free radical po-
lymerization of NVP in presence of IONs stabilized into a
non-ionic surfactant, T-20.Known that, IONs accelerate the
polymerization reactions under MW irradiation due to lo-
calized heating[18-19].The chemical structure, morphology,
thermal, and magnetic characteristics of nanomagnetic
polymer composites (MPCs) have been investigated. The
effect of MW heating on the yield of the MPCs has also
been studied.
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2. Experimental Part

2.1. Materials

N-vinyl -2-pyrrolidone (NVP, >98%; Acros) was purified
by distillation under reduced pressure and stored at 4°C prior
to use. 2, 2’-Azobisisobutyronitrile (AIBN, Himedia, India)
was used as received without further treatment. FeCl, .4H,O
and solvents were purchased from Sd. Fine Chemicals India.
IONs were synthesized through alkaline precipitation
method described earlier[20].

2.2. Synthesis of MPCs under MW Irradiation

The synthesis of MPCs has been executed into two steps.
Initially, a stable dispersion of IONs (50mg) was prepared in
a non ionic surfactant (T-20) under sonication. Afterwards,
NVP (9.40X10° mol) and AIBN (0.61 X10~ mol) were
added to it. The contents were further sonicated for 10 min.
The resulting composition was irradiated at 25-100 W power
over 20 min in a domestic MW oven (2.45 GHz) operating at
four different powers: 25, 50, 75 and 100W. The synthesized
MPCs were isolated. PVP was synthesized under identical
reaction conditions in the absence of IONs and served as a
control.

2.3. Characterization

The percentage yield (Y, %) of the samples has been
evaluated through differential weighing method, subtracting
the mass of the AIBN, IONs and T-20. FT-IR (KBr) spectra
of samples were recorded on Galaxy 300 Mattson FT-IR
infrared spectrometer. 'H NMR spectrum was recorded in
CDCI; over Bruker 400 MHz spectrometer using tetrame-
thylsilane as an internal standard. Crystallographic behav-
iour of samples was recorded at 25°C over Ri-
gaku-Geigerflex X-Ray diffractometer using Cu-Ka radia-
tion (A= 0.154056nm) at 40 KV, 20 mA, step size 0.019° at
9.6 s with 20 ranging 20°-70°.The SEM of gold coated
MPCs was recorded over LEO-6610 at accelerating voltage
of 30 kV. The samples were prepared in acetone under
sonication. Magnetic properties and IONs content were
investigated at room temperature using a vibrating sample
magnetometer (VSM) Princeton EG&G Applied Research,
model 155 with maximum current 22.5A at 900s™'. Thermal
stability of samples (size 10.50-10.73 mg) was studied with
reference to alumina powder over Perkin Elmer Pyris Dia-
mond TA in air (200mL/min) up to 800 °C at the heating rate
of 10 °C/ min.

3. Results and Discussion

3.1. Effect of MW Power

Free radical polymerization of NVP at 25-100 W has af-
forded PVP with Y (%) ranging 74.0-16.3.0n contrary; the
same polymerization reaction in presence of IONs has pro-
vided the relatively better Y (%) ranging 99.9-40.7.In either
case, maximum value for Y (%) was reported at 25W. Fur-

ther increase in MW wattage favours the mass loss, assuming
the MW assisted degradation of the polymers from the
MPCs[21].The dispersion of IONs into reaction mixture has
enhanced the Y (%) by 25.9 due to the localized inductive
heating[Table.1].

Table.1. Effect of MW Power on Polymerization Reaction
Yield (%)
MWpower W) —50p MPCs
25 74.0 99.9
50 70.1 88.4
75 40.3 67.2
100 16.3 40.7

3.2. Microstructure

XRD pattern of IONs have revealed the characteristic
diffraction peaks indexed at Bragg’s angle (20) 30.1, 35.5,
43.3, 57.1 and 62.7 with corresponding hkl values (220),
(311), (400), (422 and 511), and (440) respectively. The
experimental basal spacing results were in close agreement
with ASTM data of Fe;0,4 The calculation based upon De-
bye-Scherrer equation has provided the crystallite size of
IONs ~ 18.2 nm[20][Fig.1.1]. The XRD patterns of neat PVP
and MPCs are shown in Fig. 1.2.
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Figure 1.2. XRD pattern of PVP (a) and MPCs (b)

The broad peak at 11.695° (d=7.56057 A”) marks the
amorphous character of PVP. XRD pattern of MPCs
represents diffused peaks of very low intensity at 30.2 ° and
35.5° corresponding to the IONs. These results assure that
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the PVP adsorbed onto the IONs and has strong interaction
with the particles which is further determined through mi-
Croscopy.

Figure 2.
at5 umand 10 pm

Fig.2 shows the SEM micrographs of PVP and MPCs.
Interestingly, SEM images displayed that nanosized IONs

are visible as dark spots inside the branched polymeric shell.

SEM images revealed a growth of macromolecular chain
over the surface of IONs, imparting heterogeneous mor-
phology of MPCs.

3.3. Spectra

The IR spectrum of IONs has revealed the characteristic
wavenumber (cm'l) at 583.26 (Fe-O, M-Oyy,) 434.78-418.53
(Fe-O, M-O,)[Fig.3a]. PVP shows wavenumber (cm™) at
3446.68 (v O-H), 2924.72 (v C-H sym.), 1657.98 (v C=0),
1462.25-1369.57 (& C-H, cyclic deformation of cyclic CH,),
1288.48-1104.38 (v C-N, 3°amide)[Fig.3b]. MPCs has re-
vealed wavenumber (cm™) at 3431.16 (v O-H), 2956.18 (v
C-H 455ym.), 1659.98 (v C=0), 1469.57-1374.06 (5 C-H; cy-
clic deformation of cyclic CH,), 1289.47 (v C-N, 3°amide),
573.91 (v Fe-0O). The encapsulation of PVP onto the IONs
has induced a band shift due to the interaction between the
PVP and the metal ions[Fig.3c].

'"H NMR (CDCls) has revealed the characteristic chemical
shifts, 8,pm =1.30(-CH, vinyl), 1.60-1.90 (-CH, (sing of PVP),
2.70 (-CH, (ring) adjacent to C=0), 3.19 (-CHa (ing) adjacent to
N) corresponded to the methylene in the ring of PVP and
3.70 (-CH attached to N atom of pyrrolidone)[Fig.4].

3.4. Thermal Stability

TG-DTA-DTG investigation of the samples was per-
formed to study their thermal stability. The temperatures at
which the maximum weight losses were occurring are pre-
sented in Fig.5.The thermal decomposition of PVP starts at
near142°C and a sharp burning of polymer chains in pure
PVP sample occurs between 375 and 461°C with weight loss
0f~87% of the initial sample weight. A well defined DTG
peak (T.x) centered at 438°C is observed with an exother-
mic signal at 489°C. Final degradation stage is visible at
559°C and the total mass loss approaches near to zero. In

contrast, thermal degradation of MPCs was established at
175°C, but a steep weight loss was reported at 261 °C - 450
°C (~76%). No further weight loss was observed up to 800 °C.
Prior to 175 °C, the minor weight loss was related to the loss
of impurities (H,O, atmospheric CO, and residual monomer)
whereas, the major weight loss was due to the combustion of
organic PVP matrix. On the DTA curve, main exothermic
peaks were observed at 272 and 436 °C, suggesting the
thermal events related to the decomposition of untreated Fe
(IT) chloride along with the degradation of PVP by dehydra-
tion of the polymer side chain, which was confirmed by a
dramatic weight loss in TG curve at the corresponding
temperature range (261-450 °C).The decomposition of
MPCs was almost complete around 550 °C, and about 0.6 of
residual mass was present at this final temperature. The
comparative of thermal behaviour concludes that the pres-
ence of IONs into PVP matrix does not impart significant
thermal stability to the resulting MPCs. An early onset of
thermal decomposition of MPCs has been investigated in
presence of IONs, but overall weight loss was remarkably
reduced[22].
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Figure 3. FT-IR Spectra of IONs (a), PVP (b) and MPCs(c)
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Figure 5. TG-DTA-DTG of PVP (a) and (b) MPCs
3.5. Magnetic Properties
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Figure 6. M-H curve of IONs (a) and MPCs (b) studied through VSM

The magnetic characteristics of IONs and MPCs are ob-
tained by measuring their M—H loops in the applied field
ranging —10 kOe to 10 kOe at room temperature[Fig.6]. M-H
curve of IONs has revealed saturation magnetization (M)
70.0 emu/g with squareness M,/M; (0.073) indicating an
appreciable fraction of superparamagnetic particles. How-
ever, the magnetism of MPCs was not perfect and it was
decreased to 1.961emu/g with M,/M; (0.139) due to oxida-
tion during polymerization and the thickness of the polymer
shell might also affect the magnetism of the MPCs. VSM
data has provided 2.80% IONs content of MPCs[23].

4. Conclusions

MW assisted free radical polymerization of N-vinyl
-2-pyrrolidone (NVP) in presence of T-20 stabilized IONs
has been conducted successfully at MW power ranging
25-100W. With MW power, the polymerization reaction was
progressed resulting in the development of iron oxide filled
polyvinyl pyrrolidone nanocomposites (MPCs) with higher
yield over neat PVP. Formation of MPCs has been ascer-
tained through FT-IR, XRD and SEM. The insertion of IONs
into PVP matrix has no remarkable effect on thermal stabil-
ity of MPCs. The assessed magnetic properties revealed that,
the synthesized MPCs may be used for the development of
sensor and data storage devices. The proposed MW assisted
route offers an efficient, faster, cleaner and economic alter-
native heating source to synthesize the nanocomposites.
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