SKIT RESEARCH JOURNAL

VOLUME 7; ISSUE 1: 2017

Poly(lactide-co-glycolide) / Clay nanocomposites:
Effect of gamma irradiation

Manpreet Kaur', Surinder Singh', Rajeev Mehta’
' Department of Physics, *Department of Chemical Engineering
' Guru Nanak Dev University, Amritsar-143005
*Thapar University, Patiala-147004
Email: manpreet984@gmail.com
Received 27 January 2017, received in revised form 15 February 2017, accepted 22 February 2017

Abstract: Gamma irradiation effect on poly(lactide-co-glycolide)
PLGA and PLGA/organically modified montmorillonite clay
(Cloisite” 30B) nanocomposites has been studied. The
nanocomposites were successfully prepared by ultrasonication
method and their morphological, optical and structural properties
were characterized by scanning electron microscopy (SEM), X-
ray diffraction (XRD), Fourier transform infrared (FTIR) and
UV-Visible spectroscopic techniques respectively. Neat PLGA
samples as well as those containing Cloisite® 30B were subjected to
a gamma irradiation and a comparative study of changes induced
in the nanocomposite structures and other properties was carried
out. Results showed that neat PLGA is degraded by gamma
irradiation to greater extent while PLGA/Clay nanocomposites
are comparatively less affected. The morphological defects, after
gamma radiation, were more pronounced in PLGA samples as
compared to the PLGA/Clay nanocomposites samples.

Keywords: PLGA, Cloisite® 30B, nanocomposites, gamma
irradiation.

1. INTRODUCTION

Sterilization by ionizing radiations is considered to be a useful
technique to produce sterile drug-polymer-matrices for clinical
uses[1]. Biodegradable polymer-based drug delivery systems
are widely used to control the drug release [2-5]. Poly(lactide-
co-glycolide) (PLGA) is the one of the synthetic biodegradable
polymers which has many applications in biomedical and
pharmaceutical fields [6]. It has been approved for controlled
drug delivery use by the Food and Drug Administration, USA
because it contains lactide and glycolide copolymer, which
degrades according to their mole fraction and produce
biocompatible and toxicologically safe products which are
further eliminated by the normal metabolic pathways [7]. It
provides many other numerous advantages in tissue
engineering area also [8-10].

In order to improve the properties of degradable polymers,
polymer nanocomposites have been prepared. The admixture of
polymer and organically modified montmorillonite clay
(OMMT) produces exfoliated or intercalated nanocomposites,
which depend upon various characteristics of polymer and
nanoclay used including the nature of the polymer as well as the
type and the size of the organic modifiers on the silicate surface
[11]. Ultrasonication method has been used to prepare
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polymer/clay nanocomposites, to intercalate polymer chains
into the silicate galleries or even results in exfoliation.
Ultrasonication is an effective and convenient technique in
which ultrasonic waves are used to cause the nanoscale
dispersion of clay in polymer matrix [12-13]. The organically
modified nanoclay (lateral dimensions varying from 100 nm to
150 nm) contain quaternary ammonium ions between clay
platelets. The clay platelets are about 1nm thick and the inter-
platelets distance is about 2-3 nm. The hydroxyl group on
quaternary ammonium provides better binding energy of the
organically modified nanoclay with the polymer containing
ester linkages [14]. Dispersion of the clay platelets in polymer
matrix results in a significant improvement in its yield stress,
tensile strength, optical properties, gas barrier properties and
thattoo at very low loading levels [15-16].

Several authors [17-20] have examined the influence of y-
irradiation on the degradation of PLGA, poly(lactic acid)
(PLA) and poly(glycolic acid) (PGA) and some other polyester.
Biodegradation of PLGA nanocomposites is known to be
retarded with increasing dose due to the introduction of
crosslinking during irradiation. Upon irradiation with y-rays,
PLGA undergoes structural changes, such as scission and
crosslinking which in turn influences the drug carrier properties
of degradable polymer [21]. These processes depend upon
several factors, including the chemical structure of the polymer,
rate and amount of dosage, and the environment of the material
during irradiation [22]. y-rays are easier to control, secure,
reliable and provide a fast process. The biocompatibility, non-
toxicity and non-inflammatory properties have been found in y-
irradiated PLGA which have been frequently used in bone
repair applications [23-26]. y-irradiation of biodegradable
polymer is also an effective method for the exfoliation of clay
platelets in the polymer matrix [27-29]. Although recent
research suggest that the use of y-irradiation on biodegradable
polymer remains the only acceptable method, because y-
irradiation penetrates into the material, breaks the polymer
chains and creates free radicals in polymer matrix by chain
scission [30-32]. These free radicals may also recombine with
one another to create inter chain cross-linking. These free
radicals are responsible for the structural and chemical
modifications through processes such as chain scission,
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intermolecular cross linking, creation of unsaturated bonds,
formation of volatile fragments and creation of carbonaceous
clusters [33-36].

In the present study, it has been shown that PLGA
nanocomposites can extend the properties (and potential
applications) of the biodegradable polymer by adjustment of
the nanoclay content. The present study investigates the effect
of y-irradiation on PLGA and its nanocomposites with various
irradiation doses by X-ray Diffraction (XRD), Scanning
Electron Microscopy (SEM), Fourier Transform Infrared
(FTIR) and UV-Visible Spectroscopy. The influence of
organically modified nanoclay (Cloisite” 30B) on the durability
of the nanocomposite samples is also reported. It has been
found that the gamma irradiation improves the physico-
chemical properties of PLGA nanocomposites without causing
significant degradation.

2. EXPERIMENTAL DETAILS

2.1 Materials and preparation of PLGA/Cloisite" 30B
nanocomposites

PLGA (50:50) pellets (density 1.33g/cm’) were purchased from
Lakeshore Biomaterials (USA). PLGA was prepared in a film
form by the solvent casting method by dissolving it in
dichloromethane (DCM). To avoid the formation of air bubbles,
the resulting solution over glass plate was initially dried slowly
at room temperature for two days and after that it was placed in
an oven at 40°C for 7 days to remove the remaining solvent,
leaving behind dried polymer film.

This procedure of removing the solvent at a very slow rate helps
in preventing void development in the dried film. The
PLGA/Clay nanocomposites were prepared by dissolving
PLGA in DCM solvent. Organically modified montmorillonite
(OMMT) powder purchased from Southern Clay Products was
dispersed into this solution in different amounts (1wt%, 3wt%
and 5wt%) by means of sonication using ultrasonic probe
(Ultrasonic processor LABSONIC® Sartorius) for 15 min.
Ultrasonication technique has been proven to yield
homogenous dispersion of clay at a nano level in polymer
matrix. The PLGA dissolved into the dispersion containing
nanoclay was cast on a glass sheet and dried for 48 h at room
temperature and further in an oven at 40°C for a week (same as
for pure PLGA films), to obtain films of rectangular shape. The
average thickness of the prepared films was about 33 um.

2.2 Gamma Irradiation

All the samples (PLGA and PLGA/Cloisite” 30B
nanocomposites) were subjected to a series of radiation doses
of 5kGy, 10 kGy, 15 kGy, 25 kGy and 50 kGy using “Co source
of gamma radiation (Gamma Chamber-1200) at Inter
University Accelerator Centre (IUAC), New Delhi, India.
These samples were irradiated for different time intervals to
achieve the desired overall dose. y-rays emitted by “'Co have
mean energy of 1.25 MeV and the dose rate in the irradiator was
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7.5kGy/h.
2.3 Characterization

The UV-VIS absorption spectra of the PLGA and its
nanocomposites samples were recorded on a SHIMAZU UV-
Visible Spectrophotometer over the range of 200900 nm. The
results of chemical modification due to y-irradiation were
monitored by FTIR spectroscopy. FTIR spectra of the samples
were recorded using the NEXUS-670, FTIR spectrometer
before and after irradiation, at different absorbed doses.
Cloisite” 30B powder was ground together with dried KBr and
compressed at high pressure into a disc. Spectra of this KBr
disc, pure PLGA film and its nanocomposites films sample
were recorded in transmission with 4 cm™ resolution mode in
the 4000-500 cm™ region. The amorphous nature of these
samples was confirmed by XRD using XRD-7000
SHIMADZU X-ray diffractometer with Cu Ka radiation of
wavelength A =1.54 A before and after irradiation for different
y-doses. The Bragg angle 20 was kept in the range from 4’ to 50°
with a scanning speed of 2°/min. The surface morphology was
observed with FEI, quanta 200F electron microscope (SEM)
which was operated at accelerating voltage of SKV. All the film
samples were coated with a thin gold layer by means (SCD-005,
sputter coated) gold sputter apparatus.

3. RESULTS AND DISCUSSION
3.1 UV-Visible analysis

Figures 1-4 show the changes in the absorption spectra of
PLGA and PLGA/Clay nanocomposites upon y exposure in the
dose range of 0-50 kGy. It can be seen that the optical
absorption edge is not sharply defined, thus clearly indicating
the amorphous nature of the PLGA and PLGA/Clay
nanocomposites film samples. From the absorption spectra, the
indirect band gap, (ahv)'” was plotted as a function of photon
energy (hv). The optical band gap is determined using
following equation (Tauc's relation) [37].
a(hv)=B[hv-Eg]" /hv

where a is the absorption coefficient, hv is the photon energy,
and E, is the value of the optical energy gap. The values of
indirect band gap (E,) for pristine and gamma irradiated
samples were determined by extrapolation of the straight part of

the Tauc's plot (Fig. 5-8) and measuring the intercept value in hv
axis are enlisted in Tables 1 and 2.

Sterilization by y-radiation is known to cause chain scission in
PLGA polymer [38-39]. At doses of 10 kGy y-radiations, band
gap decreases which indicate that chain scission occurred,
which produced free radicals and caused deterioration of
polymer chains. But at higher doses up to 50 kGy there was a
small increase in optical band gap energy (Table 1). This may be
attributed to the fact that, for gamma irradiation upto 50 kGy,
recombination of free radicals or intermolecular cross-linking
takes place within the polymer. It is evident that the free radicals
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which are produced by ionizing radiations are then free to react
with one another or initiate further reactions among the
polymeric chains, thus giving rise to increased optical band gap
energy of PLGA[40]. The absorbance difference of pristine and
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irradiated polymer indicates that gamma irradiation enhances
the UV absorbance and leads to formation of new chemical

species as a result of energy transfer by the incidence of gamma

rays.
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Fig.4. UV-Vis spectra of pristine and gamma irradiated PLGA
nanocomposites samples containing Swt% clay content
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S.No. | Gamma dose (kGy) (B:(I;:: Eg(jEp)eée\;‘(;,Y) (Url;izz;s (;l;;rg}’)
1 Blank 4.81 0.22
2 5 4.7 0.23
3 10 4.62 0.48
4 15 4.8 0.36
5 25 4.84 0.3
6 50 4.92 0.21

Table 1. The variation of optical band gap energy and Urbach's energy
with gamma dose in the pristine and gamma irradiated PLGA samples
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Fig.7. Extrapolation of Tuac's plot of the pristine and irradiated PLGA
nanocomposites samples containing 3wt% clay content
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1wt% 3wt% Swt%
Gamma
Dose | Bandgap | Urbach | Bandgap | Urbach [ Bandgap | Urbach
(kGy) energy | energy | energy | energy | energy | energy
(eV) (eV) (eV) (eV) (eV) (eV)
0 4.88 0.2 4.69 0.35 4.71 0.3
5 4.89 0.18 4.66 0.51 4.73 0.47
10 4.85 0.19 4.62 0.41 4.75 0.32
15 4.83 0.18 4.58 0.43 4.78 0.3
25 4.8 0.25 4.47 0.57 4.83 0.29

Table 2. The variation of optical band gap energy and Urbach's energy
with gamma dose in the pristine and gamma irradiated PLGA/Cloisite”
30B nanocomposites samples

Pristine (1wt%), 5kGy

(ahv)”z (cm—1 12 ev-1l2)

0.0 T L . . . T ‘H‘I T L
30 35 40 45
hv (eV)
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Fig.8. Extrapolation of Tuac's plot of the pristine and irradiated PLGA
nanocomposites samples containing Swt% clay content
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It is also observed from Table 2, that there is a variation in band
gap of PLGA nanocomposites with increasing dose of y-
radiation. With increasing dose rate, the values of the indirect
band gap of nanocomposites samples containing 1wt% and
3wt% clay contents have been found to decrease however for
Swt% clay content the values are increasing (Table 2). The
decrease in band gap in 1wt% and 3wt% nanocomposites
samples indicates that random chain scission is not the primary
mechanism. The decrease in band gap implies that due to
impact of radiation treatment the nanocomposites samples
containing small clay content got nicely distributed without any
aggregation of clay layers. In case of 5wt% clay content, the
band gap increases from 4.71 to 4.83 eV. This increase in band
gap for Swt% nanocomposites is probably due to the partial
aggregation of clay layers in the polymer matrix as compared to
nano level dispersion in 1wt% and 3wt% nanocomposites.

The irregularities in the band gap of the thin films or degree of
structural disorder in amorphous materials was measured in
terms of Urbach energy (E,) and is determined from the inverse
ofthe slope of the plots In(a) versus hv [41-42]. The width of the
band tails of the localized states are described by Urbach
energy. The value of Urbach energy increases in 1wt% and
3wt% nanocomposite samples with increase in gamma dose but
at Swt%, E, decreases with increase in fluence which may be
due to recovery of irregularities in the band gap of polymer with
crosslinking at high content of clay loading or decrease in the
amorphicity of polymer.

3.2 FTIR analysis

The changes in chemical structure of neat PLGA and PLGA-
based nanocomposites containing 1wt% and 5wt% of clay
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Fig.9. FTIR spectra of pristine and gamma irradiated PLGA samples
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content induced by gamma irradiation were determined using
FTIR spectroscopy. FTIR spectrum of non-irradiated and
irradiated PLGA samples at 5, 15, 25 and 50 kGy are shown in
Fig. 9. The intensity of absorbed peak appeared at 1750 cm™ in
pristine and irradiated samples is related to carbonyl group of
ester linkage. The relative intensity of this characteristic peak
regularly decreases with radiation dose. This means that as a
result of gamma irradiations, the radiation induced oxidation
reaction of ester groups occur which leads to the formation of
free radicals and inducing the formation of hydroxyl and
carbonyl compounds [43]. The absorption band appearing in
region 3400-3600 cm’ is attributed to OH groups in alcohols or
carboxylic acids. Upon irradiation with gamma dose, no
significant changes have been observed. Similar results are
deduced for the non-irradiated and irradiated nanocomposite
samples at 5, 15 and 25kGy. FTIR spectra for PLGA/Clay
nanocomposites containing 1wt% and Swt % clay content are
shown in Fig. 10 and Fig. 11 respectively. The comparison of
the different FTIR spectra of pristine PLGA and irradiated
nanocomposite samples reveals that there is shift of the band
position of the irradiated nanocomposite samples in the
presence of Cloisite” 30B in comparison with pristine PLGA. It
is expected that the modifier will form hydrogen bond with
epoxy in nanocomposites. It is observed from the spectra of
Cloisite” 30B, Si—O bending bands (523 and 465 cm™) and the
intensity of Si—O-Si stretching band (1048 cm') is most
sensitive to the degree of intercalation [44]. These bands are
not observed in all SHI irradiated nanocomposites samples,
indicating that the nanocomposites samples show exfoliated
morphology.
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Fig.10. FTIR spectra of pristine and gamma irradiated PLGA
nanocomposites samples containing 1wt% clay content at doses
5kGy, 15kGy and 25kGy
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3.3 XRD analysis

XRD analysis was conducted on pristine and irradiated film
samples to understand the effect of gamma dose on the structure
of PLGA and PLGA/Clay nanocomposites. XRD spectrum of
pristine and gamma irradiated PLGA samples does not show
any crystalline peaks but a characteristic broad amorphous peak
for all film samples as shown in Fig. 12. Amorphous materials
will also diffract X-rays, but diffraction is much more diffuse,
low frequency halo and peak of amorphous materials gives
information about the statistical arrangement of atom in the
neighbourhood of another atom [45-46]. As can be seen from
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Fig.12. X- ray diffraction pattern for pristine and gamma irradiated
PLGA samples
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Fig. 12, absence of Brag's diffraction peak but a broad hump
appears at 20~21.35° in the pristine PLGA sample, confirming
the amorphous nature of the sample. The broadening of the
diffraction peak was also observed in PLGA samples after
irradiation. The reason of broadening of peak is the formation of
defects after irradiation. Such defects, which may creates the
new energy levels and leads to the broadening of peaks [47].
The irradiated samples also exhibit the same diffraction
patterns except that peak shifts by a smaller angle. The shift in
angular position and intensity change can be explained by
change in lattice spacing [48]. The diffraction pattern of
Cloisite® 30B displays a diffraction peak at 206=4.8,
corresponding to d,, (Fig. 13). The interlayer spacing is
calculated from the d,,,, peak position using Bragg's law:
dy, = nA /2(sin 0)

where n is an integer, 0 is the angle of incidence of the X-ray
beam, and A=0.154 nm is the X-ray wavelength. In Figs. 14 and
15, PLGA/Clay nanocomposites film samples with different
loading of nanoclay i.e. 1wt% and Swt%, after y-irradiation
have been observed. In the case of Cloisite” 30B based
nanocomposites, the characteristic peak of irradiated samples
does not show any d,,, spacing. This may be due to extensive
polymer penetration resulting in disruption of parallel stacking
of the organoclay, causing in disordered and eventual
delamination of the silicate layers in polymer matrix producing
exfoliated morphology of nanocomposites, which consist of
individual silicate layers dispersed in polymer matrix [49-50].
The XRD pattern of the PLGA shows a lack of intergallery clay
diffraction due to complete exfoliation in pristine as well as
those irradiated samples. This exfoliated structure is observed
at all different Cloisite” 30B clay loadings and is in agreement
with the FTIR data shown in Figs. 10and 11.
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Fig.13. X-ray diffraction patterns of Closite” 30B
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Fig.14. X- ray diffraction pattern for pristine and gamma irradiated PLGA
nanocomposites samples containing 1wt% clay content at doses 5kGy,
15kGy and 25kGy

3.4 Morphological study

The morphological changes induced by y-irradiation in the
PLGA and PLGA/Clay nanocomposites samples are examined
by SEM microscopy. Fig. 16(a-c) shows the SEM micrographs
of the smooth surface of neat PLGA and fractured surfaces of
PLGA samples after y-irradiation. No significant defects are
visible on the surface of neat PLGA samples but some small
voids can be seen on the surface probably due to air pockets
formed during preparation. These structures are present in both
pristine PLGA as well as PLGA/Clay micrographs, thus,
confirming that these are not clay agglomerations. The
micrographs reveal also that no cracks are detected on the neat
PLGA surface. At 50 kGy of gamma exposure, considerable
defects are observed on the fractured surface of sample (Fig.
16(c)). These exposed samples have degraded, as evidenced by
a rough surface, the appearance of microcavities of different
sizes and shapes and the formation of cracks. The number and
the size of the microcavities increase considerably with dose
rate of gamma radiation. The chain scission of the ester bonds at
high dose of y-radiations could be responsible for defects at
polymer surface.

Figures 17 and 18 exhibit the SEM micrographs of surfaces of
PLGA/Clay nanocomposite before and after y-irradiation. The
SEM analyses reveal that significant changes in the
morphology of PLGA/Clay nanocomposites have been
induced by the y-irradiation treatment in which higher level of
dispersion is expected with the radiation dose. The effects are
much less pronounced in the PLGA nanocomposite samples,
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Fig.15. X- ray diffraction pattern for pristine and gamma irradiated PLGA
nanocomposites samples containing Swt% clay content at doses 5kGy,
15kGy and 25kGy

containing different clay content as compared to irradiated
PLGA samples. In Fig. 18, the fractured surface of the PLGA
nanocomposites containing 5Swt% clay content exhibit a
slightly rough surface before exposure, in which nanoparticles
of Cloisite” 30B in the PLGA matrix are homogeneously
dispersed. y-irradiated PLGA nanocomposites film samples do
not lead to significant degradation in contrast to previous
observation for neat PLGA. With increasing irradiation dose,
the orientation of silicate layers seems to be completely
destroyed, and an exfoliated morphology occurs due to random
distribution of clay layers into polymer matrix. The softening
temperature of PLGA is quite low (40-60°C) and the
temperature of the film samples during irradiation is expected
to be much higher, this gives enough segmental or even
translational energy to the polymer chains. As suggested by Lu
et al. [51], free radicals and ions generated with high mobility
upon irradiation, may diffuse in and/or out from the clay
galleries. This rate of diffusion depends upon the irradiation
dose rate, which may support the improvement of the steric
interaction between clay layers and making exfoliated structure
within the polymer [52]. The morphology of irradiated
nanocomposites clearly indicates better dispersion of the clay
particles of Cloisite” 30B in the PLGA matrix. The SEM
observation also suggests that the PLGA/Clay nanocomposites
containing different amounts of nanoclay have an exfoliated
morphology, which is also in good agreement with the X-ray
scattering patterns measurement.
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Fig.17. SEM micrographs of fractured surface

for PLGA/Cloisite30B (1wt%)
(a):Before irradiation and (b): After gamma irradiation of 25 kGy
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Fig.16. SEM micrographs of neat PLGA (a): Before irradiation and
(b): After gamma irradiation of 25 kGy, (c) 50 kGy
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Fig.18. SEM micrographs of fractured surface for PLGA/C30B (5wt%)
(a): Before irradiation and (b): After gamma irradiation of 25 kGy

4. CONCLUSION

The results reported in the present study show that PLGA and
PLGA/Clay nanocomposites prepared by ultrasonication
method and exposed to y-irradiation exhibit significant changes
in properties of the materials. The nature and extent of changes
in morphology of irradiated nanocomposites are strongly
affected by the presence of clay. Irradiation helps in a nano
dispersion of clay layers in polymer matrix, and exhibiting
exfoliated morphology especially at high dose. The remarkable
changes are obtained in the optical properties which may be
attributed to a formation of cross-linking/chain scission or
recombination of the defects, which leads to an increase in the
band gap energy. XRD and FTIR investigations also confirm
the intermolecular interactions between clay and polymer
chains after y-radiations. The damage caused by y-irradiation is
found to be much more in PLGA samples as compared to
irradiated PLGA nanocomposites. The present study of -
irradiation of PLGA and PLGA/Clay nanocomposites has
important implications for drug delivery and biomedical
applications.
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