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A study on synthesis of thin film interpenetrating polymer network using fullerene 
containing poly(methylmethacrylate) and N-vinyl pyrrolidine network is introduced 
based on the different properties. The polymer network is characterized using 
infrared, proton NMR, 13C NMR spectroscopy, differential scanning calorimetry, 
thermo gravimetric analysis, conductivity testing and scanning electron microscopy 
techniques. IR spectral analysis of polymeric sample shows the characteristic peakfor 
fullerene at 1420, 1112 and 1600 cm-1, poly(methylmethacrylate)  at 1904, 1222and 
2923 cm-1and poly(N-vinyl pyrrolidine) at 1509, 3016 and 1628 cm-1. The peaks 
recorded for proton NMR spectra reveals presence of fullerene at δ=5.34, for PMMA 
at δ=4.1 and for PVP at δ=3.6. The 13C NMR spectra shows the peaks for fullerene at 
140 ppm, for poly(methylmethacrylate)  at 167 and 38 ppm and for poly(N-vinyl 
pyrrolidine) at 38 and 164 ppm. The glass transition temperature value obtained from 
differential scanning calorimetry is found to be 128oC. The initial thermal 
decomposition of polymer network was studied by thermo gravimetric analysis which 
is found to 330oC.The conductivity was recorded which reveals the semiconductor 
character of polymer network. Scanning electron microscopy examination reveals the 
dual phase morphology in the synthesized polymer network. 

KEYWORDS: Fullerene, Poly(methylmethacrylate), Poly(N-vinyl pyrrolidine) and 
Glass transition temperature.                                                                                                  
------------------------------------------------------------------------------------------- 

INTRODUCTION 

The present scenario canbe described as apolymer based world. Polymers have always 
been the field of interest of researchers. Over few decades polymerblends showed 
superior performances over the conventional polymers. In order to overcome the poor 
performance and to improve mechanical strength, a new class of polymers has been 
introduced.This gave the concept of interpenetrating polymer network (IPN). AnIPN 
is a combination of at least two polymer chains each in network form, of which at 
least one is synthesized and/or cross-linked in the immediate presence of the other 
[1].The two or more network can be envisioned to be entangled in such a way that 
they are concatenated and cannot be pulled apart.  An IPN work may be distinguished 
from polymer blends in the way that it swells but does not dissolvein solvents and the 
creep and flow are suppressed[2]. Scientist worked out differently at different time 
and reported the necessary conclusions regarding the discovery, structure and 
applications of IPN. Millar[3] was the first to synthesized IPN of polystyrene, 
sperlinget at [4]. analyzed different sequential IPNs, Frisch[5] studied properties of 
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latex IPNs and important properties such as swelling, mechanical properties of IPN 
was  carried out by Chatterji[6], Srivastava and Gupta[7] reported the synthesis of 
IPN of poly (zinc acrylate) and polyacrylonitrile, Oikawa et al.[8]., studied the effect 
of evaporation of solute through semi IPN, further Liu et al. [9] studied effect of 
gelationsequence on mechanical properties of plasticized polyurethane PGMA 
simultaneous IPN prepared by changing PU catalysts. The application of IPN in 
uranyl ion adsorption from aqueous systems by using amidoximated 
acrylonitrile/NVP IPN was given by Pekal[10] et al. The characterization of 
thermoplastic IPN prepared by melting and pressing of crystallisable polyurethane 
and styrene/acrylic acid random copolymer was carried byPisis[11] etal.Thereafter for 
electrochemical synthesis of IPNfollowing the electro polymerization of pyrrole was 
given by Gangopadhyay[12]. Buford et al. [13], used real time small angle neutron 
scattering technique to study the formation of IPN. Further study ofterpene based IPN 
was carried out by VarshneyPrajapati[14]. Siva Sankar[15] synthesized semi IPNof  
acrylamide based polyurethane, Wang et al. [16] synthesized 2-
hydroxylethylmethacrylate (HEMA) by UV-initiated polymerization in presence of 
free radical photo initiator and cationic photoinitiator, Jajam et al. [17], have 
performed the analysis for the development and characterization of transparent IPN  
with poly urethane and poly(methylmethacrylate) as constituents, Ratna and 
Kosis[18] synthesized semi IPN which was composed of crystalline 
poly(ethyleneoxide) and crosslinked PMMA. 

Through these polymer networks chemically compatible desired phase morphology 
can be achieved [19]. IPN have found important applications in diverse technologies, 
including organic solar cells [20], Drug delivery [21], tissue engineering [22], 
polymer actuators [23] and energy harvesters [24]. Many of these mechanical 
properties depend on IPN for example, the IPN network with dielectric elastomer 
developed by Patel et al.[23], can achieve over 300% voltage-induced strain without 
prestretch, while  the actuation strain of unprestreched common elastomer is less than 
40% [25]. IPN offers the possibility of combining in network from which otherwise it 
is not possible to synthesize polymer with opposite properties [26] etc. 

The aforesaid literature reveals that a lot of work has been carried on IPN but 
fullerene based IPN using novel vinyl monomers/heterocycles is still scarce [30]. 
Thus the present study reveals data on fullerene based poly(methylmethacrylate) and 
N-vinyl pyrrolidine with interpenetrating polymer systems. 

EXPERIMENTAL PROCEDURE 

Solvents, fullerene,methylmethacrylate (MMA ), N-Vinyl pyrolidine (VP) and divinyl 
Benzene were used as received. Benzene peroxide was recrystallized from chloroform 
(mp=103oC). 

Synthesis of fullerene based Poly(methylmethacrylate) (PMMA) 

The polymerization of MMA wascarried out over fullerene surface by the process of 
refluxing a suspension of MMA(Merk) and fullerene in toluene with constant stirring 
for 24 hours. The evaporation of excess solvent yielded the corresponding Fullerene 
based PMMA. 
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Synthesis of IPN 

A series of IPN were synthesized via in situ polymerization by systematic variations 
of concentration of fullerene based poly(methylmethacrylate).  N-vinyl pyrolidine, 
divinyl benzene and benzoyl peroxide in toluene for 2 hours at 60oC under an inert 
atmosphere of nitrogen. The IPN obtained were vacuum dried to constant weight.  

CHARACTERIZATION OF IPN 

Before proceeding to swelling measurements, the solute or uncrosslinked component 
of IPN was removed with the help of soxhlet extractor using dimethyl 
sulphoxide(DMSO) as the solvent, otherwise no reproducible results were obtained. 
The percentage extractable material was calculated using the following equation. 

  % Extractable material = 






 −

a

ab

W

WW
x 100                          (1) 

where Wb = Weight of IPN before extraction and Wa = Weight of IPN after 
extraction. 

Swelling measurements  

The cross-linked density in polymer network is usually calculated by solvent 
absorbency (swelling) measurements. The swelling data was calculated by soaking 
the sample in different polar and non polar solvents such as dimethylformamide 
(DMF), dimethyl sulphoxide (DMSO), dioxane, benzene or toluene until an 
equilibrium weight was achieved (~24 hrs.) weight measurement were made by 
blotting the samples and immediately weighing  them. The solvent was then removed   
by heating the samples to 60oC under vacuum, until an equilibrium weight was 
achieved. The percentage swelling was calculated according to the following 
relationship [27]. 

   % Swelling = 
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d
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W
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x 100     (2)              

where Ws = weight of swellen IPN and Wd= Weight of dryIPN. 

Crosslink density 

The cross-link density of IPN was determined by using the swelling data of 
IPNinDMFby using Flory-Rehner equation [28]. 
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where, Mc= average molecular weight of network between crosslinks, p = density of 
the network, V1= molar volume ofsolvent, and Vp = volume fraction of polymer in 
swollen gel, X12 = polymer solvent interaction parameter, calculated by the expression 
[29]. 

   X12 = B + [V1(δp-δs)
2]/RT 
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where δpandδs = solubility parameters of polymer and swelling solvent, respectively, 
and B = lattice constant, the value of which is taken as 0.34. 

Spectral analysis 

1) 13
C NMR Spectroscopy:

13C Nuclear magnetic resonance (NMR) spectral 
analysisof fullerene based IPN of MMA and NVP sample was carried in an 
ECX 500-JEOL NMR spectrometer using CDCl3 as a  solvent. 

2) 1
H NMR Spectroscopy studies:  Proton spectral analysis of fullerene based 

IPN of MMA  and N-vinyl pyrolidine sample was carried in an of ECX 500-
JEOL using CDCl3 as a  solvent. 

3) Infrared (IR) spectroscopic studies: The FTIR spectrum of formed IPN 
wasrecorded on vertex 70 (Bruker) instrument using KBr pellet. 

Thermal Analysis 

Differential scanning calorimetry(DSC) was carried out on a V2.2 Dupont 
calorimeter, under nitrogen atmosphere at a heating rate of 10oC/min. The sample 
weight was 3-5 mg. 

Thermo gravimetric analysis(TGA) 

TGA was carried on TGA V% V5 1A 2100, under nitrogen atmosphere at a heating 
rate of 10oC/min. 

Scanning electron microscopy morphology (SEM)  

The morphology of the IPNnetwork was studied by (SEM) with a resolution of 50 
Åand depth of field of 30µ. Samples were mounted on a SEM stub using a graphite 
adhesive paste and coated with a gold in a SEM coating unit. The sample were then 
scanned in a JEOL JSM 840A scanning electron microscope. SEM also helped to 
estimate the percentage of metal present in the sample. 

Electrical conductivity 

The conductivity measurements were takenin vacuum 10-5torr by mounting the 
sample in specially designed sample holder. The sample holdinghas two parts. 
Theupper part consists of two electrodes and an evaporation port. The samples were 
mounted between the jaws of two electrodes having a spring arrangement. At the end 
of two electrodes, two UHF connectors were used for electrical connection of the 
sample. A calibrated copper constant thermocouple was mounted very near to the 
sample to measure its temperature. An O-ring was provided between the two parts of 
sample holder for proper evacuation inside the chamber. The resistance was measured 
using Kiethely electrometer (Model 614). 

RESULTS AND DISCUSSIONS  

The 1H NMR spectra for IPN sample shows the peaks at δ = 5.34 (fullerene), δ = 4.1 
(PMMA) and δ =3.6 (PVP). The 13CNMR spectra for pure fullerene (C60) are 
recorded at 138 and for PMMA and poly (N-vinyl pyrrolidine) (PVP) it is found to be 
at 177 and 44 ppmand45and 178 ppm respectively. While the13CNMR spectra for IPN 
reveals peak for fullerene (C60) at 140 ppm and 128 ppm, for PMMA at 167 ppm 
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(>C=O of ester group), 38 ppm (backbone quaternary carbons) and for PVP at 38 ppm 
( C-N bonding) and 164 ppm (>C=O ).From the observed data we find there is a shift 
in the peak values of fullerene,PMMA, PVP, thereby showing incorporation of the 
polymer formed on the fullerene surface, which increases the solubility and 
processability of polymer network. 

FTIR spectroscopy examination gives thestructural transformation of 
macromolecules. We are able to determine the detailed vibrational analysis of IPN 
sample. FTIR study for pure fullerene shows peaks 1430,527 cm-1 (for C-C vibration 
mode) and 1600 cm-1 (for –C=C- mode). For PMMA it reveals1870cm-1 peak for 
ester carbonyl group stretching  vibrations , peak 1250cm-1 (owing to C-O ester bond) 
stretching vibrations and peaks at 3000cm-1 for stretching vibrations. The PVP was 
analyzed and peaks 1500cm-1 for C-C vibrations, 3080cm-1 for C-H vibrations, 
1342cm-1 for C-N vibrations and 1625cm-1 for >C=O vibrations were recorded as a 
characteristic PVP FTIR peaks. While the FTIR analysis for IPN sample shows peaks 
for fullerene at 1420cm-1, 566cm-1(for caged vibrations), 1112cm-1(for C-C 
vibrations) and 1600cm-1 (for –C=C- mode). For PMMA it reveals 1904cm-1 peak (for 
ester carbonyl stretching vibrations), 1222cm-1 (owing to C-O ester bond) stretching 
vibrations, and peak at 2923cm-1 (for stretching vibrations). PVP shows FTIR peaks at 
1509cm-1 (for C-C vibrations), at 3016cm-1 (C-H vibrations), and 1628cm-1confirms 
the presence of >C=O vibrations. TheDSC thermo gram of IPN reveals Tgat 128oC, 
which is higher thanTg of PMMA (116oC) and lower than Tg  of PVP (148oC). Figure 
5 shows the TGA graph of IPN with initial thermal decomposition at 
330oC.Conductivity analysis of IPN was performed which was found to be 1.41.73 x 
10-6  Ω-1m-1 at frequency range 20-50 Hz, which reveals the insulator character of 
IPN. SEM reveals dual phase morphology in the synthesized IPN. The results of 
swelling in various solvents employing (DMF) are summarized in table 1. The low 
percentage of extractable material shown in table 2,3,4 and 5 may be due to proper 
crosslinking of polymer making them insoluble and the actual grafting of a linear 
polymer to the other cross-linked species. 

CONCLUSIONS  

Spectral analysis of IPN of fullerene containing PMMAand PNVP showed ideal 
polymer network formation between MMA and VP monomers andcomplete 
incorporation of the polymer formed on the fullerene surface. The DSC thermogram 
showed higher Tg for IPN as compared to the homo-polymer PMMA. IPN 
microstructure calculations indicate higher MMA content along with NVP monomer 
unit. The compatible IPN systems resulted in higher density values and a restrained 
swelling behavior compared to their homo-polymers. This results from high levels of 
interpenetration and molecular mixing, leading to a reduced free volume and more 
compact network structure. 
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Table 1:Percentage swelling of IPN different solvent and extractable material (%). 

Sample % Swelling 
in DMF 

In solvents Toluene % 
Extractable 

material Benzene DMSO 

IPN 1 56 17 48 19 11.1 

IPN 2 43 21 33 20 11.8 

IPN 3 48 25 36 28 30.7 

IPN 4 83 55 77 60 20.0 

IPN 5 79 30 72 53 18.0 

IPN 6 83 41 71 49 12.5 

IPN 7 63 27 52 35 8.6 

IPN 8 73 39 58 39 15.7 

IPN 9 81 38 64 53 21.5 

IPN 10 35 20 21 29 9.2 

IPN 11 49 22 34 27 27.5 

IPN 12 45 24 39 31 10.6 

IPN 13 49 19 37 23 20.1 

IPN 14 31 21 18 19 20.0 

IPN 15 61 18 45 33 17.5 

IPN 16 43 23 31 29 31.2 

IPN 17 75 47 58 51 23.5 
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Table 2: Effect of BPO on IPN properties. 

Sample BPO mol/100 ml Swelling (%) in 
DMF 

Mc in DMF 

IPN 1 8.2 x 10-2 8.23 168 

IPN 2 1.2 x 10-1 14.20 151 

IPN 3  1.6 x 10-1 11.13 162 

IPN 4 2.1 x 10-1 10.42 195 

 

 

Table 3: Effect of Fullerene- PMMA on IPN properties. 

Sample Fullerene- 
PMMA (mol / 

100 ml) 

Yield Swelling (%) 
in DMF 

Mc in DMF 

IPN 5 4.1 x 10-2 7.34 43 157 

IPN 6 8.2 x 10-2 3.58 53 171 

IPN 1 1.23 x 10-1 8.23 56 168 

IPN 7 1.64 x 10-1 10.44 78 182 

 

Table 4: Effect of VP on IPN properties. 

Sample VP  

(mol / 100 ml) 

Yield Swelling (%) 
in DMF 

Mc in DMF 

IPN 10 18.7 4.80 74 191 

IPN 11 28.0 5.70 63 175 

IPN 1  37.6 8.23 56 168 

IPN 12 46.7 11.30 36 153 
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Table 5: Effect of DVB on IPN properties. 

Sample DVB  

(mol / 100 ml) 

Yield Swelling (%) 
in DMF 

Mc in DMF 

IPN 14 14.0 3.2 53 173 

IPN 1 23.0 8.23 56 168 

IPN 15 28.0 6.21 35 155 

IPN 16 35.1 9.26 23 139 
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