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Abstract

Poly (3-hydroxybutyrate) (PHB) is an important material used in the field of medicine. However in
common conditions, PHB has some disadvantages. It is very brittle and slightly hydrophobic polymer.
This somewhat limit its applications. Radiation can be used to improve its chemical properties. In the
present study, the substrate, modified by radiation-induced graft copolymerization with vinyl acetate
(VAc), was characterized using FTIR (Fourier Transform Infra-red) and Raman spectroscopy. FTIR
spectroscopy did not reveal any significant bands but Raman spectroscopy revealed the formation of
new bands that characterize the new material.

ESPECTROSCOPIA RAMAN DEL POLI (3-HIDROXIBUTIRATO),
MODIFICADO CON POLI (ACETATO DE VINILO)
POR COPOLIMERIZACION RADIO-INDUCIDA

Resumen

El poli (3-hidroxibutirato) (PHB) es un material importante de aplicacion en el campo biomédico. Sin
embargo, en condiciones comunes, se presenta con algunas desventajas que limitan su aplicacion,
como son su fragilidad y su moderada hidrofobicidad. Debido a esto, su campo de aplicaciones se
encuentra limitado. Las radiaciones se pueden utilizar para transformar quimicamente este sustrato
y mejorar sus propiedades. En este estudio, el PHB modificado con el acetato de vinilo (VAc) por
medio de una copolimerizacion por injerto radio-inducido, fue caracterizado utilizando espectroscopias
FTIRy Raman. El analisis por FTIR no revel6 ninguna banda caracteristica que diferenciara al copolimero
por injerto de los homopolimeros que lo forman, pero la espectroscopia Raman revelo la formacion de
nuevas bandas que caracterizan al nuevo material.
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INTRODUCTION

Graft copolymerization is a well known method for
the modification of chemical structure of polymers.
The typical method of the graft polymerization is a
radical polymerization of polar monomers onto
non-polar substrates. This method is used in
order to modify the physical and chemical
properties of the base polymer and extent its
limited applicability [1] In addition, the radiation-
induced graft polymerization is shown to be one
useful technique to modify biomaterials such as
PHB. This can be explained, because it does not
need any catalyst or initiator. Graft copolymers with
high purity under low temperature can be also
obtained. Therefore, many advantages compared
to graft copolymerization with chemical initiators
can be found [2]. Besides, the PHB is an important

material used in biomedical applications, such as
drug release and bone tissue engineering, due to
its high biocompatibility, non oral toxicity, and entire
biodegradability [3-5]. But under the common
conditions, this natural occurring polyester
produced by microorganisms is slightly
hydrophobic plastic. It is also very brittle and
thermal unstable material about the melting
temperature [6]. This is the reason why, many
efforts have been performed in order to improve
these properties, using gamma radiation-induced
graft copolymerization of various monomers onto it
[7-12]. Of the possible chemical modifications on
PHB, graft copolymerization by gamma radiation-
induced reactions is attractive to expand
applications as functional materials. Some of poly
(3-hydroxybutyrate)-graft modifications have
appeared in the literature by the use of oxygen
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plasma treatment [13], perfluoro hexane plasma
[14] and ammonia plasma [15]. However, the
chemical modifications were only observed on the
material surface. In this sense, gamma irradiation
is well known by its advantages. For the reason
that, one advantage of using gamma irradiation
induced grafting rather than the others mentioned
treatments are the ability to penetrate and modify
into the material 3D scaffold [16].

PHB have been previously grafted with acrylic acid
(AA)[7, 11, 12], methyl methacrylate (MMA) [7, 8], 2-
hydroxy-ethyl methacrylate (HEMA) [8], styrene (St)
[9] and isoprene (Ip) [10], with the purpose to
improve PHB chemical properties .The materials
obtained were also studied by different
physicochemical techniques.

In this work, the authors used PHB-graft-PVAc,
obtained by radiation-induced graft
copolymerization on VAc onto PHB [17] and studied
the new material using FTIR and Raman
spectroscopes. The spectral analyses have
confirmed the presence of a new material.

MATERIALSAND METHODS

PHB-graft-PVAc was obtained by the authors by
radiation-induced graft copolymerization of VAc
onto PHB [17]. The material characterization
revealed that the grafting degree was 43,5% and
the grafting index 25% determined by gravimetric
technique and "*C-RMN spectroscopy [17].

Characterization
FTIR spectroscopy

The FTIR spectra of the samples were recorded
with Jasco FT/IR- 460 Plus (Jasco Instrument
Corp., Japan) equipment. Milligrams of the sample
were used in solid form. In the data collection 64
scans, at 2 cm™ of resolution, to scan rate of 2 mm/
s and a gain of 4 were used.

Surface-enhanced Raman spectroscopy (SERS)
All SERS spectra were collected with a Renishaw
Invia system, equipped with Peltier cooled CCD

detectors (-70°C). Excitation lines of 514.5, 633, and
785nm were used. Spectra were collected in
Renishaw’s extended collection mode, by co-
adding three scans with accumulation times of 10s.

RESULTS AND DISCUSSIONS

Figure 1 shows the radiation-induced graft
copolymerization reaction. The simultaneous
irradiation technique with a %°Co gamma rays
source was used. The dose rate was 1. 57 kGy/h
and the dose 10 kGy at room temperature. The
reaction was carried out in bulk with a m (VAc)/m
(PHB) = 6. The studied material is the product of
this reaction.

Infra-red investigations

Spectroscopic infrared techniques were used to
verify vinyl acetate grafting to the PHB sample.
FTIR transmittance spectra of PVAc and grafted
PHB sample are shown in Figure 2

(700-3500 cm' region). Because of the spectra
was recorded in the transmittance mode, peaks in
the 1000-1400 cm region are saturated. ATR-FTIR
spectra run on the same samples did not reveal
any significant differences in the bands in this
region because vinyl acetate and PHB have the
same functional groups. This explained why
different bands were not observed, but the
contribution of different physical states. The FTIR
transmittance spectrum samples only showed
an aliphatic CH stretch at 2870-3010 cm”',aC = O
stretch at 1600-1790 cm™, and differences in band
intensities in the C-O-C stretch (1270-1180 cm). In
addition, the bands at 1185 cm™ (d in figure 2),
1228 cm™ (c in figure 2), 1279 cm (b in figure 2)
and the @&, at 1382 cm™ (a in figure 2) are useful
for qualitative analysis of the cristallinity degree.
This analysis is done in other work [17].

Raman results

The structure of the PHB-graft-PVAc obtained by the
radiation-induced graft copolymerization reaction
was investigated by using Raman spectroscopy. As
a result of the copolymerization reaction any
difference must be detected by the Raman
spectrometer as effect of a new material formation.
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Figure 1. Radiation-induced graft copolymerization reaction of VAc onto PHB.
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Figure 2. FTIR transmittance spectra of PVAc and grafted PHB samples.

Figure 4 shows the 300-1000 cm™ region of the
Raman spectra of a) PHB and b) PHB-graft-PVAc.
The fact that the 598 cm™ frequency corresponding
to the coupling mode of C-CH, and CCO
deformation is common to both spectra can be
seen clearly. Whereas, the graft copolymer spectra
reveals at 629 cm™ a new and well separated
band corresponding to the couple mode of C-COO
deformation of PVAc grafted chains. These results
have demonstrated that the radiation-induced graft
copolymerization of VAc onto PHB was achieved.
Other bands to corroborate the PHB-graft-PVAc
formation are shown in table 1.

It is important to explain here that the Raman
investigation was done in order to demonstrate the
graft copolymer formation by means of finding new
bands related with the synthesised material or
signals related with the quaternary substituted
carbon that could not be observed by the NMR
spectroscopy. Unfortunately this latter was not
either found, but the former was seriously studied.

The band assignments for Raman spectra of PHB
and PHB-graft-PVAc are shown in table 1. Unlike
other graft copolymers, an observed difficulty was
the fact that PHB and PVAc have the same
functional group.

Moreover the monomer units have the same
molecular weight (86 g/mol). Thereby, the bands
assignments were based in the corresponding
comparison of the FTIR spectra and the Raman
investigations of PHB and PVAc studied by other
authors [18, 19].

Table 1 lists the Raman shift (cm™') and
assignments of the Raman bands of PHB and
PHB-graft-PVAc. The bands at 1729, 1457, 1403

and 1262 cm™ in the Raman spectra of the PHB
and the graft copolymer may be assigned to C = O
stretching mode, CH, asymmetric deformation,
CH, symmetric deformation and C-O-C stretching
deformation respectively.

Bands at 1219, 1134, 1100 and 1058 cm™ are
assigned, respectively, to COC asymmetric
stretching, CH, asymmetric rocking, C-O-C
symmetric stretching and C-O stretching.

In the 220-954 cm™' region , the bands at 954, 838,
693, 598, 511, 431, 353 and 220 cm™' like common
Raman signals of PHB and PHB-graft-PVAc can be
seen clearly .The three first ones corresponding to
C-C stretching and CH, rocking, C-COO stretching
and C=0 deformation (in plane) respectively. The
two subsequent bands correspond to C-CH, and
CCO deformation and the three last ones
corresponding to CCO deformation, COC and C-
CH, deformation, and CH, torsion.

Therefore, the appearance of bands at 364, 629,
895, 950 and 1446 cm™' are attributed to the graft
copolymer, and strongly corroborates the PHB-
graft-PVAc formation. There is a clear difference in
the mentioned bands in the graft copolymer
compared to the control PHB Raman spectra.
Band at 629 cm™ was above shown and
discussed (figure 3). The assignments for the rest
is the CH, deformation of PVAc grafted chains at
1446 cm™ ,the C-C stretching of PVAc grafted
chains at 950 and 895 cm™, and the C-CH, as
well as C-O-C deformation of PVAc grafted chains
at 364 cm'. From this finding the presence of a
new material was confirmed. In spite of the efforts,
the asymmetric carbon was not detected, but is of
note the great correspondence between the
different spectroscopic techniques used to
characterize the material.
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Table 1. Raman shift (cm™) and assignments bands

Shift{cm-)

PHB

PHE -graft-PVAC

220 CH5 torsion CHjstorsion
353 COC and C-CH; deformation COC and C-CH; deformation
Be | e C-CHsand C-0-C deformation of PVYACG
grafted chains
431 CCoO deformation CCoO deformation
a11 C-CH;and SCO deformation C-CHsand GO deformation
24943 C-CH;and ©CO defarmation C-CH;and CCO deformation
g2 | C-CoO 0 deformation of PYAC grafted
chains
BY3 C=0 defarmation {in plane) =0 deformation {in plane)
g3 C-C 00 stretching C-C0 0 stretching
gas e C-C stretching of PYWAC grafted chains
940 | emmeeeee C-C stretching of PYAC grafted chains
C-C ostretching and CH»
954 ) C-C stretching and CHs rocking
rocking
1048 -0 stretching -0 stretching
1100 C-0-C sy mmetric stretching C-0-C o symmetric stretching
1134 CHzasymmetric rocking CHz asymmetric rocking
12149 COC asymmetric stretoching COC asymmetric stretoching
1262 C-0-C stretohing deformation C-0-C streteching deformation
1403 CH; symmetric deform ation CH; symmetric deformation
1446 | —emee- CH- deformation of PYWAC grafted chains
1447 CHsasymmetric deformation CH: asymmetric deformation
17249 Z = 0 stretching < = 0 stretching
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Figure 3. Raman spectra of PHB and PHB-graft-PVAc in the 300-1000 cm-* region.
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CONCLUSIONS

FTIR and Raman spectroscopic techniques were
used to verify vinyl acetate grafting to the PHB
sample. Significant differences at the bands in the
FTIR spectra were not observed, because of vinyl
acetate and PHB have the same functional groups,
but the contribution of different physical states.
However, Raman studies revealed the formation of
new bands. For instance, the graft copolymer
Raman spectra revealed at 629 cm™ a new and
well separated band corresponding to the couple
mode of C-COO deformation of PVAc grafted
chains. These results have demonstrated that the
PHB substrate was modified by radiation- induced
graft copolymerization with vinyl acetate and PHB-
graft-PVAc formation was achieved.

The authors are grateful to: Joaquin Iglesias and
Sonia Altanés for their technical assistance.
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