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a b s t r a c t

The swift heavy ions irradiation (SHI) effects on the optical, structural and morphological properties of
poly(lactide-co-glycolide) (PLGA) nanocomposites containing organically modified nanoclay organo-
montmorillonite (OMMT) (Cloisite®30B) has been studied over a range of fluences. Optical analysis of
the polymer nanocomposites shows that both the cross-linking phenomenon is caused by swift heavy
ion irradiation. The absence of peak of nanoclay in all irradiated nanocomposite samples in Fourier
transfer Infrared (FTIR) spectrum demonstrates the formation of complete and/or partial exfoliation. The
broadening of peak width of X-ray diffraction (XRD) spectra of irradiated nanocomposite implies an
increase in the amorphous phase at higher fluences. Field emission scanning electron microscopy
(FESEM) shows the formation of porous structure after irradiation. Presence of nanoclay is found to affect
the properties of this degradable copolymer when subjected to ionizing radiation.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Nanocomposite technology consisting of polymer and layered
silicates has rapidly grown in the last decade. This combination
exhibits remarkably improved thermal, mechanical and various
other properties when compared to pure polymer or conventional
composites [1]. Nanocomposites are made up of polymer and nano
filler where polymer is the continuous phase and the nano filler is
the dispersed phase. Usually the nanoclay that is embedded into
the host matrix phase is employed to improve the desired prop-
erties of the polymer such as mechanical, thermal, barrier and fire
retardancy [2]. In PLGA nanocomposites, nanoscale dispersion of
OMMT uniformly within the PLGA matrix leads to tremendous
interfacial contacts between the matrix and OMMT, which leads to
exciting and promising properties than those of bulk polymer
phase. The improvement in their properties depends strongly on
r).
the adhesion between PLGA and OMMT and the aspect ratio of the
OMMT [3e6]. Presence of nanoclay is found to enhance the prop-
erties of this degradable copolymer by altering the rate of degra-
dation even at high irradiation fluence.

Since dispersion of clay at nano scale is essential to achieve the
improved properties, the processing challenge is to dispersemicron
size clay particles into millions of platelets in the polymer matrix.
The ultrasonic technique is an effective and convenient method in
which ultrasonic waves are used to control the nano scale disper-
sion of clay in polymer matrix [7,8]. The preparation of polymer
nanocomposite by incorporation of small amount of organically
modified clay (Cloisite® 30B) in PLGA has been reported by Alex-
ander and Dubois [9]. PLGA/clay nanocomposite exhibits remark-
ably improved moduli, increased strength and heat resistance [10],
thermal stability, solvent resistance, hydrophobic character and
improvement in other mechanical properties [11] when compared
to pure polymer. Another important feature of polymer/layered
silicate nanocomposite is that it retards the rate of degradation due
to an improvement in the barrier properties by creating a maze or
‘tortuous path’ that retards the progress of the gas molecules
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through the matrix [12].
The irradiation of polymers by SHI beam is a versatile, prom-

ising and interesting technique to process and modify the prop-
erties of polymers such as structural [13,14] chemical [15],
mechanical [16], optical [17,18], thermal [19] and surface
morphology [20]. The physical and chemical changes in different
polymers which are generally believed to occur are crosslinking,
chain scission and structural changes after irradiation with
adequate linear energy transfer (LET) of SHI [21e23]. Due to suf-
ficient LET of SHI, more modifications are induced as compared to
changes induced by electron or gamma beam. Irradiation creates
free radicals which recombine forming the cross-links. The degree
of cross-linking depends upon the nature and type of material and
irradiation fluence. In the chain scission process, the polymer
chains are broken and molar mass decreases [24]. These two
phenomena occur at the same time and one may dominate over
the other, depending upon the polymer, type of radiation used and
fluence. One of the benefits of using SHI is that the relative degree
of crosslinking and chain scissioning can be easily controlled by
the amount of radiation fluence. The energy of SHI-irradiated
beam could also cause the chain scission through breaking of
chemical bonds which decreases the band gap energy of polymer
and increases the rate of degradation or alternately cause some
cross-linking within polymer chains and lower the rate of degra-
dation. When PLGA nanocomposites are irradiated with ion beam
at high fluence, chain scission dominates over cross-linking
resulting in polymer chains becoming shorter and thus facili-
tating crystallization. This is so because during chain scission, the
molecules become shorter, chains become less entangled and
reorientation of molecules can occur which increases the degree of
crystallization. As a result of this, film samples become more
brittle. Since the clay is ceramic and it is known from many studies
in the literature that increase in clay content in polymer matrix
leads to increase in brittleness. In the present study, this process
happened in all irradiated samples but not in pristine samples.
This is not good for some of the typical medical applications of
PLGA, because the service life of a PLGA nanocomposites product,
which has been subjected to ionizing radiation for sterilization,
would be adversely affected. Literature has shown that irradiated
and non-irritated PLGA and PLGA nanocomposites have numerous
applications in medical and engineering fields [25e29]. Products
made from PLGA are widely used inside the human body e.g.
absorbable sutures, wound healing materials, artificial skin grafts,
orthopedic and resorbable fixation devices, surgical sealant films.
These parts have to be sterilized, mostly by radiation, before their
use in the human bodies. In addition to desirable properties like
swelling behavior, capacity to undergo hydrolysis, biodegradation
rate of the polymer, moduli, thermal stability, solvent resistance,
PLGA also have low mechanical properties. Upon irradiation, the
low mechanical properties go to even lower values. Addition of
nano fillers like nano clay tends to increase the mechanical
properties quite significantly. Thus, the rationale is to study nano
clay reinforced PLGA and its extent of degradation upon
irradiation.

The present study is concerned with the radiation effects on
PLGA/OMMT (Cloisite® 30B) by SHI. PLGA has several biomedical
applications and in general, it is required to be irradiated for ster-
ilization. We have already reported the effect of radiation on PLGA
[30]. It is well known from literature that properly dispersed
nanoclay in polymer matrix significantly changes the physico-
chemical properties as compared to neat PLGA. Therefore in the
present study, the effect of nanoclay addition to the morphology
(FESEM), chemical bonding (FTIR), optical study (UVevisible) and
degree of nanoclay dispersion (XRD) before and after irradiation
has been investigated.
2. Experimental

2.1. Materials

PLGA (MW ¼ 70,000, as measured by viscometry), consisting of
50/50 poly(lactic acid) and poly(glycolic acid), was purchased from
Lakeshore Biomaterials, USA. It was used to prepare nano-
composites by incorporating commercial organically modified clay
(Cloisite® 30B) manufactured by Southern Clay, USA, in dichloro-
methane (DCM) solvent.

2.2. Preparation of nanocomposites

Three different ratios i.e. 1% (wt), 3% (wt) and 5% (wt) of
organically modified nanoclay and PLGA were dissolved into DCM
solvent separately into 1:12 ratio. The highest clay content was
capped at 5% (wt) because it is known from literature that on
polymer-clay nanocomposites at a concentration more than
5% (wt), it is very unlikely to prevent clay aggregation [31e33]. To
achieve nano-scale dispersion of nanoclay into polymer matrix,
ultrasonication probe was used (Ultrasonic processor LABSONIC®

Sartorius) for 30 min at a voltage of 115 V, power of 100 W and
frequency of 60 Hz. The dispersion was cast on a glass sheet, to
obtain films of rectangular shape. Thesewere dried for 48 h at room
temperature and further in an oven at 40 �C for a week to give PLGA
films of 30 mm thickness.

2.3. Swift heavy ion irradiation

PLGA nanocomposites were irradiated using 50 MeV (Li3þ) ion
beam under vacuum (10-6 Torr), directed normal to sample surface
and at a current of 0.5e1.0 pnA (particle nanoampere) at inter
university accelerator centre (IUAC), New Delhi, India. The low
value of current was used to avoid excessive heating of the samples.
The cast and dried films were cut into small pieces of size
(1 � 1 cm2) and were mounted on a vacuum-shielded vertical
sliding ladder for irradiation. Irradiation was done at different flu-
ences ranging from 5 � 1010 to 3 � 1012 ion cm�2. The electronic
energy loss (Se) was 59.9 keV mm�1 whereas the nuclear energy loss
was 0.033 keV mm�1 and the range of ion has been calculated by
using SRIM-2008 (Stopping and Range of Ions in Matter) and its
value was found to be 478 mm for the Li ion. The ions were expected
to easily pass through the nanocomposites film samples without
implantation because thickness of samples was substantially less
than the range of ion beam used for irradiation.

3. Polymer characterization

Each irradiated sample was removed from the irradiation cell
before characterization. The changes induced by Li3þ ion beam
irradiated PLGA nanocomposites were studied using the following
techniques:

3.1. X-ray diffraction (XRD)

XRD patterns were recorded on a SHIMADZU 7000-X-ray
spectrometer using Cu Ka radiation source. The generator was
operated at voltage of 40 KV, current of 30mA andwavelength used
for analysis was 1.54 nm. Samples were placed on a quartz holder
and were scanned with 2q range from 3 to 10� with scan speed of
0.5 � min�1.

3.2. Field emission scanning electron microscopy (FESEM)

The surface morphology of pristine and Li ion irradiated PLGA



Fig. 1. X-ray diffraction patterns of pristine PLGA/Cloisite® 30B (clay) nanocomposite
film samples having 1% (wt), 3% (wt) and 5% (wt) clay content.

Fig. 2. X-ray diffraction patterns of Cloisite® 30B clay.

Fig. 4. X-ray diffraction patterns of PLGA/clay nanocomposite of different clay content
after irradiation at high fluence of 3 � 1012 ions cm�2.
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nanocomposites were examined using a FESEM (FEI, quanta 200F),
which was operated at an accelerating voltage of 5 KV. The film
surface was mounted on copper stumps and coated with gold using
gold sputter (SCD-005, Sputter coater).
Fig. 3. X-ray diffraction patterns of neat PLGA sample.
3.3. Fourier transform infrared (FTIR) spectroscopy

The results of chemical modification of biodegradable polymer
nanocomposite can be examined through characterization of
vibrational modes determined by FTIR spectroscopy. Cloisite® 30B
powder was ground together with dried KBr and compressed at
high pressure into a disc. FTIR spectra of this KBr disc, pure PLGA
film and its nanocomposite film samples were taken using FTIR-
Fig. 5. FESEM images of exfoliated Cloisite 30B-based PLGA nanocomposite, showing
(a) fine distribution of the clay in the matrix, and (b) delamination of silicate layers
after irradiation.
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8400, SHIMADZU in transmission mode with resolution of 2 cm�1

in spectral range of 400e4000 cm�1.

3.4. UVevisible spectroscopy

The optical absorption spectra of PLGA nanocomposites were
investigated using SHIMAZU UV-1800 spectrophotometer. The
wavelength range used for analysis of the spectra was
200e900 nm.

4. Results and discussion

The changes induced in the morphological, optical and struc-
tural properties of nanocomposite due to Li3þ ion irradiation have
been analyzed and the results are discussed here.

4.1. XRD investigation

PLGA/Cloisite® 30B nanocomposite film samples with different
loading of nanoclay i.e. 1% (wt), 3% (wt) and 5% (wt) before SHI
irradiation have been compared in Fig. 1. In order to detect the d001
reflection, effect of SHI irradiation on nanoclay structure and cor-
responding clay interlayer spacing in various nanocomposites, XRD
was performed at low angles (2q < 10�). Typically, a d001 peak is
observed for 1.8 nm spacing in pure nanoclay (Cloisite® 30B) at
2q ¼ 4.9� as shown in Fig. 2 and a broad amorphous peak of pure
PLGA as shown in Fig. 3. If there would have been intercalation
between clay layers in the polymer nanocomposites, this peak at
2q ¼ 4.9� would have moved to the left (to lower value of 2q). From
the XRD patterns (for pristine samples (Fig. 1) and for samples
irradiated at high fluence of SHI (Fig. 4)), it is difficult to ascertain
whether there is intercalation between clay layers or there is
complete exfoliation. The diffraction peaks were observed to
Fig. 6. FESEM images of pristine PLGA and PLGA/clay nanocomposite film samples containi
disappear during irradiation indicating delamination of clay layers
resulting in extensive layer separation. SEM images confirmed the
X-Ray results as shown in Fig. 5(a, b). However, due to absence of a
sharp peak around 2q ¼ 4.9�, partial exfoliation can be presumed.

4.2. Effect of SHI on morphology

The gross appearance of amorphous PLGA nanocomposite
samples changed from being transparent to yellowish brown upon
irradiation at high fluence of SHI beam. The changes occurred in
surface morphology of PLGA/clay nanocomposite film samples
were examined by FESEM. Figs. 6(aed), 7(a-c) and 8(a-c) are mi-
crographs of non-irradiated and irradiated nanocomposite samples
containing 1% (wt), 3% (wt) and 5% (wt) nanoclay respectively. The
appearance of all nanocomposites samples before irradiation
seemed to be similar but after being irradiated with SHI at different
fluence, they were quite different. The distorted morphology was
apparent in all nanocomposite samples after irradiation. The for-
mation of micro holes and cracks in film samples after irradiation
by virtue of hydrolytic attack on ester bonds during irradiation. This
effect was less pronounced when PLGA nanocomposites were
irradiated with low fluence of 5 � 1010 ions cm�2 however the
defects became more prominent and size of micro holes got
enlarged when irradiated with high fluence of SHI beam
(3 � 1012 ions cm�2). This clearly indicates chain scission or
degradation of PLGA chains and it might release gases like H2, O2
and CO2 etc. as is also reported in a few studies for other degradable
polymers [34e36].

From the observed morphology, the clay agglomerations have
not been visualized after SHI irradiation, clearly indicating nice
dispersion of the clay particles in the polymer matrix. According to
Lu et al. [37], free radicals and ions generated with high mobility
upon irradiation diffuses in and/or out from the clay galleries. Upon
ng (a) PLGA (b) 1% (wt) clay content (c) 3% (wt) clay content (d) 5% (wt) clay content.



Fig. 7. FESEM images of PLGA/Cloisite® 30B clay nanocomposite film samples (a, b, c)
irradiated films by Li3þ ion at a fluence of 5 � 1010 ions cm�2 for 1% (wt), 3% (wt) and
5% (wt) respectively.

Fig. 8. FESEM images of PLGA/Cloisite® 30B clay nanocomposite film samples (a, b, c)
irradiated films by Li3þ ion at a fluence of 3 � 1012 ions cm�2 for 1% (wt), 3% (wt) and
5% (wt) respectively.
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exposure to SHI irradiation, individual silicate layers are free from
steric hindrance from adjacent silicate layers. Thus the chains be-
tween the clay layers would bond covalently to other chains and
the consequent elastic energy would push the clay layers apart to
give an exfoliated morphology as shown in Fig. 5(a, b).

Lastly, on re-examining Fig. 8(c, d) (typical SEM images of
nanocomposite samples at different loading levels of OMMT i.e.
3% (wt) and 5% (wt) respectively) one interesting observation can
be made. The degraded samples can also be looked upon as PLGA/
Cloisite® 30B foams. Fig. 8(c, d) shows “holes” throughout the cross-
section of material after being irradiated and this micro cellular
morphology is similar to a foamed material. Neat nanocomposite
do not shows any holes/air pockets which are there in different
compositions at different fluences as already shows in Fig. 6(aec)
and 1% (wt) irradiated samples 7(a) and 8(a). At high fluence, the
degradation rate of these samples became very large leading to
formation of micro cavities. Neat nanocomposite samples or
1% (wt) irradiated samples do not exhibit any micro-cellular
structures.
4.3. Analysis of FTIR spectra

FTIR spectra of PLGA/Cloisite® 30B nanocomposite film samples,
pristine as well as irradiated with 50 MeV Li3þ ions at different
fluences are shown in Figs. 9 and 10 respectively.

FTIR of powdered sample of Cloisite® 30B reveals absorption
band at 3634 cm�1 deriving from OeH stretching for the silicate
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group, peak at 1048 cm�1 due to SieOeSi stretching vibration and
the organic modifications are responsible for the bands located at
2926 cm�1, 2853 cm�1 and 1470 cm�1, which are assigned to CeH
vibrations of methylene groups (asymmetric stretching, symmetric
stretching and bending respectively) [38,39]. The FTIR peak as-
signments of pure Cloisite® 30B and of the intercalated clay have
been reported by several researchers and agree with the following
observations, assignments and interpretations.

The IR spectrum of irradiated nanocomposites is almost similar
to that of unirradiated nanocomposite samples. In the irradiated
nanocomposite samples, the intensity of absorption peak appearing
in the region between 3700 and 3400 cm�1 seems to be slightly
more at high fluence of Li3þ ionwhich perhaps is due the formation
of released H atom from backbone of the polymer with the broken
ester linkage after SHI irradiation. During ion beam irradiation
these lightest gaseous molecules escape from the polymer causing
reduction in H content. When each ion transverse through polymer,
it creates the cylindrical zone along ion trajectory and is much
Fig. 9. FTIR spectra of Closite® 30B clay, pure PLGA, and their nanocomposite film s
effective in releasing H molecules from a polymer, is referred as ion
track. However the extent of reduction of H content in polymer
during irradiation depends on ion dose, which is the one of
accepted mechanism to occur during the irradiation in polymer as
also reported in numerous literature [40e42]. But there was not
found any appreciable changes in 1800e1600 cm�1 region. Upon
irradiation, one new small peak with weak intensity was found in
nanocomposite samples at around 2340 cm�1 which correspond to
presence of trapped CO2 gas upon irradiation with high fluence.

It is observed from the spectra of Cloisite® 30B, the SieO
bending bands (523 cm�1 and 465 cm�1) and the relative intensity
of very intense SieOeSi stretching band (1048 cm�1) are most
sensitive to the degree of intercalation [43]. These bands are not
observed in 1% (wt), 3% (wt) and 5% (wt) irradiated nanocomposite
samples, indicating the weak interaction between the clay layers
and polymer chain segments supporting the formation of exfoli-
ated morphology. These observations are consistent with Fig. 8
from FESEM that degradation rate increases at high fluence of
amples containing 1% (wt), 3% (wt) and 5% (wt) clay content before irradiation.



Fig. 10. FTIR spectra of irradiated nanocomposite film samples (containing 1% (wt), 3% (wt) and 5% (wt) clay content) at a fluence of 5 � 1010 ions cm�2 and 3 � 1012 ions cm�2.
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SHI. The intensity of all peaks in this spectrum reduces with an
increase in the ion fluence, which indicates that the crystallinity
decreases as a result of SHI irradiation. This result is also supported
by XRD spectrum as shown in Figs. 1, 3 and 4 which points the
amorphization of irradiated nanocomposite upon SHI irradiation.
4.4. UVevisible spectral analysis

The series of the UVeVisible spectra recorded for Li ion irradi-
ated nanocomposite samples at different fluences are illustrated in
Fig. 11. It involves the absorption of UVevisible light by the poly-
meric material causing the promotion of electrons in s, p and h
orbitals from electronic ground state to a higher excited state and is
useful in finding the optical band gap energy (Eg). The optical band
gap energy of PLGA nanocomposites have been calculated and are
shown in Table 1.

The optical absorption method can be used for the investigation
of optically induced transitions and provide information about the
energy gap in crystalline and non-crystalline materials [44]. The
optical absorption coefficient a(n) can be correlated to photon en-
ergy hn as given by Mott and Davis [45].

aðnÞ ¼ B

"�
hn� Eg

�n
hn

#
(1)

where B is constant, hn is the energy of incident photon, Eg (eV) is
the optical band gap between the valence band and conduction
band and n is the power whose values 1/2, 3/2, 2 and 3 are assumed
for direct allowed, direct forbidden, indirect allowed and indirect
forbidden transitions respectively. A plot of (ahn)1/2 versus hn gives
the value of Eg. Extending the straight part with abscissa yields the
band gap of pristine and irradiated samples. The diffusion of p-
electron to the forbidden energy level of polymer causes the ir-
regularities in the band gap level of the polymer. The energy
correspond to such diffusion is known as Urbach energy which is
calculated from following formula [46].



Fig. 11. UVevisible spectra of pristine and Li3þ ion irradiated PLGA nanocomposite samples with 1% (wt), 3% (wt) and 5% (wt) clay.
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aðnÞ ¼ a0exp
�
hn
Eu

�
(2)

where a0 is constant, Eu (eV) measure the width tailing of localized
states in forbidden gap known as Urbach energy.

The value of Urbach energy increases in 1% (wt) and 3% (wt)
nanocomposite samples but at 5% (wt), Eu decreases with
increasing fluence which owing to recovery of irregularities in the
polymer with cross-linking at high content of clay loading which
conceivably slightly increase the band gap in 5% (wt) at high
Table 1
Band gap energy (Eg) and Urbach energy (Eu) in pristine and 50 MeV Li3þ ion irradiated

Fluence (ions cm�2) 1% (wt) 3% (wt)

Bandgap energy (eV) Urbach energy (eV) Bandgap ene

0 4.88 ± 0.032 0.20 4.70 ± 0.030
5 � 1010 4.69 ± 0.023 0.48 4.65 ± 0.013
5 � 1011 4.68 ± 0.017 0.40 4.62 ± 0.021
3 � 1012 4.58 ± 0.018 0.33 4.50 ± 0.024
fluence. The optical absorption spectrum of unirradiated PLGA/
Cloisite® 30B nanocomposite samples with different clay loading
such as 1% (wt), 3% (wt) and 5% (wt), showed a sharp decrease in
absorption edge with increasing wavelength up to 251 nm for
1% (wt), 257 nm for 3% (wt), 261 nm for 5% (wt) and 252 nm for neat
PLGA followed by a plateau region as shown in Fig. 10. It is evident
from Table 1, that after irradiationwith Li3þ ion at different fluences
such as 5 � 1010, 5 � 1011 and 3 � 1012 ions cm�2, the optical ab-
sorption increases with increasing fluence and thus shifts the ab-
sorption edge toward the longer wavelength such as visible region
for irradiated samples. The increase in optical absorption or change
PLGA/Cloisite® 30B clay nanocomposite at varying fluences.

5% (wt)

rgy (eV) Urbach energy (eV) Bandgap energy (eV) Urbach energy (eV)

0.35 4.68 ± 0.028 0.30
0.70 4.28 ± 0.018 0.83
0.58 4.26 ± 0.020 0.69
0.72 4.30 ± 0.021 0.58



Fig. 12. Extrapolation of Tuac's plot of the pristine and Li3þ ion irradiated PLGA
nanocomposite samples containing 1% (wt) clay content.

Fig. 14. Extrapolation of Tuac's plot of the pristine and Li3þ ion irradiated PLGA
nanocomposite samples containing 5% (wt) clay content.

M. Kaur et al. / Vacuum 125 (2016) 170e179178
in absorption edge as evident from Fig. 10 possibly attributed to
formation of conjugate bonds having wavelength associated to p-
p* transitions and also reflects the decrease in the optical band gap
after irradiation. This shift in the absorption edgemay be associated
to the ion-induced damage and the creation of defects which
further results in structural deformation [47e49]. Color changes in
the irradiated nanocomposite samples have also been observed at
high fluence; possibly ascribed to trapped free radicals or charge
species in the polymer matrix. Irradiation induced defects such as
anions, cation and free radicals which absorb light during exposure.
Due to absorption of radiation, the color of polymer changes from
yellow to radish brown and eventually dark brown with higher
radiation dose [50e53].

It is observed from Table 1, after irradiated with Li3þ ion, the
band gap decreases when clay content increases within polymer,
which attributed to reduced crosslinking of polymer chains.

Since the glass transition temperature of PLGA matrix is quite
low (40e60 �C) and is expected to be easily reached during SHI
radiation. Infact, it is quite likely that the ion beam can even locally
melt the polymer. So, after irradiation, the nano particles of Cloi-
site® 30B are easily dispersed within polymer matrix and get cross-
linked. The rigid clay platelets which would be thoroughly sur-
rounded by cross linked chains are expected to restrict segmental
mobility of molecules and reduce their activity and, consequently
decrease the optical band gap as shown in Figs. 12e14. This
observation agrees with corroboration by FESEM and FTIR.

The irregularity in the band gap of the film samples are
Fig. 13. Extrapolation of Tuac's plot of the pristine and Li3þ ion irradiated PLGA
nanocomposite samples containing 3% (wt) clay content.
measured in terms of Urbach energy (Eu) and is determined from
the inverse of the slope of the plots ln(a) vs. hn. Urbach energy,
which is interpreted as the width of the localized states, is used to
characterize the degree of disorder in amorphous materials. There
is increase in Urbach's energy corresponds to the decrease in optical
band gap. The Urbach's energy (Eu) of Li3þ ion irradiated nano-
composites has been calculated and is reported in Table 1. The value
of Urbach's energy Li3þ ion irradiated samples increases at low
fluences in 1% (wt) and 3% (wt) nanocomposites samples but in
5% (wt) it decreases at high fluence due to recovery of irregularities
in the band gap of polymer with cross-linking at high content of
clay loading.
5. Conclusion

Polymer nanocomposites of PLGA have been prepared through
the solvent casting route. Irradiation with 50 MeV Li3þ ions at flu-
ence range of 1010-1012 ions cm�2 causes modifications in surface,
optical and structural characteristics. XRD measurements show
partial exfoliation of clay in PLGA. This was also confirming by FTIR
spectra where there was an absence of SieOeSi stretching
(1048 cm�1) and SieO bending peaks (523 and 465 cm�1) of Cloi-
site® 30B in nanocomposite. FTIR spectra also exhibited a decrease
in the peak intensity after irradiationwhich suggests the increase in
amorphization of nanocomposite after irradiation. UVevisible
measurements indicated that the band gap (Eg) values of the
nanocomposite samples irradiated with SHI are lower than those of
unirradiated samples probably due to sterically interactions be-
tween clay layers and reduced cross-linking of polymer chains. This
is also supported by FESEM. Themorphology evolution of irradiated
nanocomposites is also representing the better nano dispersion and
steric interactions of clay layers. The service life of nanocomposites
has been adversely affected when subjected to ionizing radiation.
The brittle nature of PLGA/Clay nanocomposites after radiation is
not entirely unexpected since clay is a ceramic. FESEMmicrographs
of nanocomposites also showed many defects like micro holes and
voids when exposed to radiationwith increasing ion fluence. This is
the first report on the degradable foam formation of PLGA nano-
composites after swift heavy ion irradiation.
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