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ABSTRACT

A new classification of the different types of fullerene-containing polymers is presented according to their different
properties and applications they exhibit in a variety of fields. "*C NMR and Raman studies of a series of polymeric
samples of fullerene-grafted poly (acrylamide), which were prepared by systematic variation of concentration of
fullerene and acrylamide, are described. >C NMR spectral analysis of the polymeric samples showed a peak for
fullerene at 143 dppm and for poly (acrylamide) between 170 and 180 dppm and Raman spectral analysis of the poly-
meric samples gave the Raman band for fullerene between 1470 cm™' and poly (acrylamide) at 2800 cm . The Tg value,
obtained from DSC results, showed a high glass transition temperature at 100.94°C revealing the presence of fullerene

in the polymeric matrix. TGA analysis shows that polymer is thermally stable up to 340°C.
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1. Introduction

A polymer is a large molecule (macromolecule) com-
posed of repeating structural units typically connected by
covalent chemical bonds. While polymer in popular us-
age suggests plastic, the term actually refers to a large
class of natural and synthetic materials with a wide vari-
ety of properties. The field of synthetic polymers or plas-
tics is currently one of the fastest growing material in-
dustries. In addition to these synthetic materials, different
types of carbon materials called fullerenes have recently
been introduced [1]. Fullerene, in its most stable form
Ceo, exhibits a variety of outstanding electronic, con-
ducting, and magnetic properties [2] and acts as photo
sensitizer and photorefractive material [3]. The science
of fullerenes continues to be an exciting field, generating
many articles with promising new applications every
year. A search of the literature reveals that a lot of work
has been carried out on synthesis, characterization of
fullerenes, and doped fullerenes with alkali metals like
potassium and rubidium ternary compounds, [4,5] poly
fulleride ions in A Cg [6] (A is potassium, rubidium, or
cesium), and fullerene doped with organic cations like
morpholine and acridizine [7]. The literature survey also
reveals that *C NMR spectroscopic studies of fullerene
and poly-ethylene oxide complexes, [8] magnetic reso-
nance of solid fullerene and their compounds with alkali
metals [9], superconductivity and nuclear magnetic
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resonance investigation of KTl s doped Cg [10] have
been carried out in past years. Synthesis and cationic photo-
polymerization of C¢, derivative bearing a 2,4,6-tris(epo-
xynonyloxy)phenyl moiety (FB9ox) [11] has been car-
ried out. In addition, the synthesis and determination of
properties of poly (methyl methacrylate)/clay nanocom-
posites, prepared via in situ polymerization with nickel
acetyl acetonate [Ni(acac),] catalyst in combination with
methyllalumoxane [12] have also been carried out. The
literature also reveals Raman spectroscopic studies on
pressure-induced polymerization of Cg, at high tempera-
ture [13], rotation vibrational dynamics of Cg, [14] and
the vibrational Raman spectra of Cg, [15]. High-tem-
perature study of solid Cg, pristine was performed by
Raman spectroscopy up to 843 K [16]. These data could
be used as a reference for in situ studies of Cqy chemical
transformation occurring at high temperature. Selective
multi-addition of organocopper reagents to fullerenes [17]
were also carried out. The literature survey shows suffi-
cient study on radical polymerization of vinyl monomers
in the form of homopolymer, copolymer, and terpolymer
[18-20]. However, spectroscopic studies on fullerene-
grafted vinyl monomers are still scarce. The present arti-
cle therefore highlights *C NMR and Raman spectro-
scopic studies of fullerene-grafted poly (acrylamide) po-
lymers. Acrylamide as a monomer is used in a variety of
synthetic processes to form polymers, copolymers. It is
readily polymerized in the presence of free radicals, usu-

1JOC



378 S.PORWAL ET AL.

ally in aqueous solutions. Polyacrylamide plastics have
numerous commercial applications, due in part to the
tendency of polyacrylamide to adsorb many times its
own mass in water. Feed ratios of Cgy, monomer & ini-
tiator are given in Table 1.

2. Experimental

Acrylamide was purified by standard methods and puri-
fied solvents were used as received. Benzoylperoxide
(BPO) was recrystallized in chloroform. Fullerene (Alfa
Aesar, 99.9% Cg) was used as received and was dis-
solved in toluene as required.

2.1. Polymerization Procedure

The polymerization reactions were carried out under an
inert atmosphere of nitrogen for 1.5 hr at 70°C in toluene
using BPO as an initiator. A series of samples of fuller-
ene-grafted poly (acrylamide) were synthesized by syste-
matic variation of fullerene and acrylamide as given in
Table 2. The polymer was precipitated in acidified me-
thanol and vaccum dried until a constant weight was ob-
tained.

2.2. Spectral Analysis

1) *C NMR Spectroscopy: "*C nuclear magnetic reso-
nance (NMR) spectral analysis of fullerene-grafted poly
(acrylamide) samples was carried in an ECX 500-JEOL
NMR spectrometer using CDCl; as a solvent.

2) Raman Spectroscopic Studies: Raman spectra of fu-
llerene-based poly (acrylamide) were recorded by NSOM
(near-field scanning optical microscope) using He-Ne
laser having wavelength 514.7 nm.

3) FT-IR: The FTIR spectrum of formed polymer was
recorded on vertex 70 (Bruker) instrument using KBr
pellet.

2.3. Thermal Analysis

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

2.4. Thermogravamatric Analysis

Thermogravimetric analysis was carried on TGA V5 1A
DuPont 2100 at heating rate of 10°C/min under nitrogen
atmosphere.

3. Results and Discussion

C NMR spectrum for pure fullerene (Cq) shows a peak
at 138 dppm (Figure 1) and that for poly (acrylamide)
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Table 1. Feed ratios of Cgy, monomer & initiator.

Sample Name Fullerene Acrylamide BPO
Z, 0.1 1 1
Q 0.08 1 1
T 0.15 1 1
E 0.1 0.5 1
H 0.1 0.2 1
Y 0.1 1 2

Table 2. Variation of fullerenewith poly (acrylamide).

Sample name Fullerene Poly (acrylamide) BPO

P (mol/L) (mol/L) (mol/L)

4.62x10* 2.34x107 0.0137

H 4.62x10* 9.37x 1072 0.0137

Z, 4.62x10* 4.68 %107 0.0137

Y 4.62%x10* 4.68x 107 0.0275

3.96 x 107 4.68 x 1072 0.0137

5.95x 107 4.68 x 1072 0.0137
8.0
7.0

129 128
6.01
5.0
4.01
3.01
21.6
2.01
138 77.0

1.04
0

200.0180.0160.0140.0120.0100.0 80.0 60.0 40.0 20.0 O

Figure 1. ®C NMR of sample purefullerene (Cg).

shows at 180 dppm (Figure 2) while *C NMR spectrum
for fullerene based poly (acrylamide) shows a peak of
fullerene at 143 and 145 Sppm, which is due to proton
decoupling. Acrylamide group exists between 170 to 176
dppm. Peak values corresponding to CDCl; were ob-
tained between 76 and 77 dppm, equatorial positions of
carbon atoms were obtained between 125 and 129 dppm.
Peak values corresponding to CH, were obtained be-
tween 36 and 38 dppm. Ca group (CH of acrylamide)
exists between 40 to 46 dppm. Further polymeric sam-
ples were obtained by systematic variation of fullerene
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and poly (acrylamide). These samples were studied by
>C NMR spectroscopy, these spectra are given in Fig-
ures 1-8 and their comparison is given in Table 3. From
the observed data, we find that there is a shift in peak
values of poly (acrylamide) and fullerene, thereby show-
ing incorporation of the polymer formed on the fullerene
surface, which increases the solubility and processability
of the polymer network.Raman spectroscopy yields im-
portant information about the structure of macromole-
cules. Raman spectrum for fullerene and polyacrylamide
has been observed (Figures 9 and 10). We are able to
determine the orientation and conformation of polymers
and the density of vibrational states by using this tech-
nique. As observed in our Raman studies the polymer
system of Cg shows Ag(1) mode above 500 cm ™' and
Ag(2) mode between 1470 cm ™' and 1495 cm™', where as
the pure fullerene shows Ag(1) mode at 500 cm ' sharp
and Ag(2) mode at 1447 cm™' sharp. Similarly all the Hg
mode are not observed in the polymeric system (which
are observed in the pure fullerene) A strong band of ful-
lerene and poly (acrylamide) interaction is manifested as
the pronounced shift of fullerene between 1400 - 1495
cm ', which is usually obtained at about 1466 - 1470
cm ', A strong band between 2900 and 3000 cm ™' shows
the presence of CH, stretching groups (Figures 11-15).
There is no band at 1900 - 2400 cmﬁl, which indicates
that the double bond of poly (acrylamide) is not present,
i.e., poly (acrylamide) has been polymerized. Also, a
band at 1740 - 1790 cm ™' shows the presence of carbonyl
group of amide (Figures 11-15), a band between 1210 -
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1295 cm ™' shows the presence of NH, group. The near
surface region of our samples, sampled by Raman spec-
troscopy seems to be even more inhomogeneous, differ-
ences were observed between different grains in some
samples 21, comparative data of Raman spectra is given
in Table 4. Differential scanning calorimetry (DSC) re-
sult shows a glass transition temperature (Tg) of poly-
acrylamide at 161°C but glass transition temperature (Tg)
of fullerene based poly (acrylamides) at 100.94°C (Fig-
ures 16 and 17), The high value of Tg shows that the
poly (acrylamide) has been incorporated on the Cg
framework. The thermogravametric analysis of poly-
acrylamide and fullerene based poly (acrylamides)
showed almost same results that the olymer is thermally

>C
CH

cH,

T T T

T T
180 160 120 80 40 ppm

Figure 2. 3C NMR of sample polyacrylamide.

Table 3. °C Nuclear magnetic resonance (NMR) spectral analysis of fullerene-grafted poly (acrylamide).

Sample Name  Cqg (Sppm) Acrylz(ig:)i;iri)G roup Equato(r:i_a;tgr(;ssition of CDCl; (6ppm) CH, (dppm) Asgiﬁ?ge?;);;)
E 143, 145 170 127,129 76,77 36,38 44
Y 145 170 127,128 76,77 36,38 40
Z 140, 143 176 125,127, 129 76,77 36,38 40, 43
143 175 125,127, 129 76,77 36,38 40
143 172 127,128, 129 76,77 36, 38 46
143 171 127,128, 129 71,76,77 36, 38 42,46

Table 4. Raman shifts of fullerene based poly (acrylamide).

Sample Name Ceo (cm™) NH, Group (cm ™) Carbonyl Group (cm™") CHj Stretching (cm™")
1470 1295 1790 2980
Q 1470 1240 1740 3045
H 1400 1255 1760 2897
Y 1465 1215 1750 2895
T 1495 1210 1755 2895
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Figure 3. ®C NMR of sample Z;.
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Figure 4. 3C NMR of sampleE.
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Figure 6. 3C NMR of sampleH.
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Figure 9. Raman spectra of pure fullerene (Cg)-
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Figure 10. Raman spectra of polyacrylamide.
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Figure 11. Raman spectra of sampleE.
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Figure 12. Raman spectra of sample Q.
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Figure 13. Raman spectra of sample H.
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Figure 14. Raman spectra of sampleY.
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Figure 17. DSC Analysis of fullerene based poly (acryla-

mide).
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stable upto 340°C (Figures 18 and 19). FTIR spectrum
of polyacrylamide (Figure 20), NH, stretching vibrations
of polyacrylamide and fullerene based poly (acrylamides)
were observed at 3353 cm™' and 34212 cm' respec-
tively. The carbonyl group (C=O0) stretching vibrations of
poly (acrylamide) and fullerene based poly (acrylamides)
were observed at 1658 cm ' and 1784.78 cm ™' respec-
tively (Figure 21). The whole reaction scheme for pre-
pared fullerene based poly (acrylamides) shows in Fig-
ure22.
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Figure 18. TG analysis of polyacrylamide.
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Figure 19. TG analysis of fullerene based poly (acrylamide).
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Figure 20. FT-IR spectrum of polyacrylamide.

1J0C



S.PORWAL ET AL. 385

100
BRUKER
80
§‘ |
o 60
Q
=] |
i
£ 40
&
[
20
O_l
v o ocbo l 'l— Jr clxl J'\o olomml l
a - =y < ¥ & ®ao Qw oo o
— o <O [N (=3 0 wnoo Wi~ O n QN [
I N 0w O R S T fsafeN J oo I
1 2 a BE & F m 88 88 =*9 s
| I I T T T | T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber Cﬂ'l-1
D:\USERS\EXTERNAL\SUP.0 SUP KBr Pellet 05/06/2012

Figure 21. FT-IR spectrum of fullerene based poly (acrylamide).
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Figure 22. Reaction scheme for prepared fullerene based
poly (acrylamides).

4. Conclusions

The present result obtained indicates that *C NMR
method employed in this work is suitable for investigat-
ing the interaction among pure Cg, polyacrylamide and
fullerene based poly (acrylamide) samples [22] which
show there is a large shift occurs in the peak values of
polymeric samples. In our study also the peak values
obtained from "*C analysis, shows that there exist inter-
actions between carbonyl group of polyacrylamide and
the m-system of Cgy. This interaction may be due to the

Copyright © 2012 SciRes.

rapid isotropic rotation of Cg. Raman study is governed
by strict selection rule. The free isolated Cgy molecule
exhibit (two Ag + eight Hg) Raman allowed modes.

When Cg interacts with the acrylamide forming poly-
meric system, the symmetry of Cg, is lowered signify-
cantly. It means the Raman study interpretates there is
incorporation of acrylamide in fullerene thereby forming
the polymer matrix. DSC and TGA analysis show that
polymer is thermally stable. In all these studies definitely
we observed the different peak values in prepared ful-
lerene based poly (acrylamides) in comparison to pure
fullerene and pure poly (acrylamide) which is due to the
polymerization process.
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