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 Abstract
Nanocomposite films of silk fibroin (SF) and methoxy poly(ethylene glycol)-b-poly(D,L-lactide)

(MPEG-b-PDLL) were prepared by film casting of MPEG-b-PDLL nanoparticle suspension-SF aqueous
solution. The nanoparticles were prepared in SF solution by modified-spontaneous emulsification solvent
diffusion method without any surfactant. The interaction between SF and MPEG-b-PDLL films was studied
by FT-IR spectroscopy. SEM results indicated that the nanoparticle sizes in films were in the range of
100 – 300 nm with spherical shape. Nanoporous with pore size in the range of 10-300 nm were observed
throughout the nanocomposite films. The number and size of nanoporous increased when the MPEG-b-PDLL
ratio was increased.
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1. Introduction
Silk fibroin (SF), one of the typical protein

polymers spun by Bombyx mori silkworm, is a
potential biomaterial for wide use in biological and
biomedical fields due to its good biological
compatibility as well as biodegradability (Altman
et al., 2003). Applications of SF in tissue
engineering (Hofmann et al., 2006) drug delivery
(Chen et al., 2006) and wound healing (Roh et al.,
2006) have been reported. The minimal inflammatory
reactions in vitro and in vivo of SF film have been

reported by Meinel et al. (Meinel et al., 2005).
Poly(e-caprolactone-co-D,L-lactide) (PCLDLL)
films containing SF microparticles have investigated
(Kesenci et al., 2001)  The interactions between
them were found. However, the SF films containing
biodegradable nanoparticles have not been reported.

Methoxy poly(ethylene glycol)-b-poly
(D,L-lactide) (MPEG-b-PDLL) diblock copolymers
have been synthesized to attain versatile biodegradable
polymers having more water-absorbing capacity
because of the inclusion of hydrophilic MPEG block
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within the relatively hydrophobic PDLL block (Lucke
et al., 2000; Sun et al., 2004; Stefani et al., 2006).
MPEG-b-PDLL have been used for the preparation
of drug-loaded nanoparticles  (Kim et al., 2005;
Pierri and Avgoustakis, 2005; De Faria et al., 2005)
with composed of the MPEG chains on the
nanoparticle surfaces (Heald et al., 2002; Riley
et al., 2003). Using of the modified-spontaneous
emulsification solvent diffusion method (modified-
SESD method) for preparing of surfactant-free
MPEG-b-PDLL nanoparticles has been reported in
our previous work (Baimark et al., 2007a). The
use of a higher energy apparatus such as the
homogenizer and sonicator in emulsion solvent
evaporation method and high volume of water in
dialysis method are avoided for this method. Hence,
the large-scale preparation of the surfactant-free
nanoparticles would be possible.

In the present study, we adapted the
modified-SESD method to prepare colloidal
nanoparticles of MPEG-b-PDLL in SF aqueous
solution without any surfactant before film casting
of this suspension-solution. Then, the SF/MPEG-
b-PDLL nanocomposite film was obtained following
this procedure. Preparation and characterization of
SF nanocomposite films with different SF/MPEG-
b-PDLL composite ratios were studied. The
intermolecular interaction between SF and MPEG-
b-PDLL were analyzed by FT-IR spectroscopy.
Scanning electron microscopy was used to observe
morphology of film surface and cross-section.

2. Experimental
2.1. Materials

Silk fibroin (SF) was prepared by a chemical
degummed method and dissolved before dialysis and

lyophilized, respectively. Cocoons from B. mori were
degummed by boiling twice in 0.5% Na2CO3 solution
at 98 – 100 oC for 30 min to remove sericin, then
rinsed with distilled water and dried at room
temperature. Degummed SF fibers were dissolved in
the ternary solvent, CaCl2-ethanol-water (mole
ratio = 1:2:8), by stirring at 80 oC for 2 hrs. The
resulting SF solution was then dialyzed (cellulose
tube) for 3 days against distilled water. The final
concentration after dialysis was adjusted to 1% (w/v)
against distilled water.

Methoxy poly(ethylene glycol)-b-poly
(D,L-lactide) (MPEG-b-PDLL) was prepared as
described in our previous work (Baimark et al.,
2007a) by ring-opening polymerization of DLL at
130 oC for 24 hrs using MPEG with molecular weight
of 5,000 g/mol (Fluka, Germany) and stannous
octoate (95%, Sigma, USA) as the initiating agents.
The stannous octoacte concentration was 0.02 mol%.
As-polymerized MPEG-b-PDLL was purified by
precipitation in n-hexane from chloroform solution
before dried in vacuo at room temperature until
constant weight. Number-average molecular weight
and polydispersity of the MPEG-b-PDLL were
determined from GPC as 73,600 and 1.88, respec-
tively. All solvents and non-solvents, the analytical
grade were used.
2.2. Preparation of SF nanocomposite films

The SF nanocomposite films with different
SF/MPEG-b-PDLL composite ratios were prepared
by film casting of SF aqueous solutions containing
surfactant-free MPEG-b-PDLL nanoparticles. The
colloidal nanoparticles were prepared by modified-
SESD method in SF aqoueous solution. Briefly, the
MPEG-b-PDLL solution in mixture organic
solvent of acetone/ethanol [3/3 (v/v)] was added
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drop-wise into SF solution with stirring at 600 rpm.
The organic solvents were evaporated in fume hood
for 6 hrs. Then, colloidal nanoparticles of MPEG-
b-PDLL in SF solution was obtained before poured
on Petri dish and dried at 40 oC for 24 hrs. The
dried films were treated with 90% (v/v) methanol
aqueous solution for 1 hr before dried in vacuo at
room temperature for one week. The SF/MPEG-b-
PDLL composite ratios of the SF nanocomposite films
were summarized in Table 1.
2.3. Characterization

FT-IR spectra were collected by Fourier
transform infrared (FT-IR) spectroscopy using a
Perkin-Elmer Spectrum GX FTIR spectrophotometer
with air as the reference. The resolution of 4 cm-1

and 32 scans were chosen in this work.
Film morphology was investigated by

scanning electron microscopy (SEM) using JEOL
JSM-6460LV SEM. The film was fractured in
liquid nitrogen and coated with gold for enhanced
conductivity before scan.

3. Results and discussion
3.1. FT-IR spectra

The structures of SF, MPEG-b-PDLL and
SF nanocomposite films were characterized, and the
SF conformation transition of SF nanocomposite films

was determined by FT-IR spectroscopy. The position
of absorption bands indicated the conformation of
SF. Figure 1 shows the FT-IR spectra of SF, MPEG-
b-PDLL and SF nanocomposite films. The absorption
bands of SF film in Figure 1(a) at 1681 (amide I),
1573 (amide II) and 1234 cm-1 (amide III) were
assigned to the random coil structure of SF film.
The absorption bands at 1615 (amide I) and 1521
cm-1 (amide II) were indicated b-sheet structure of
SF film (Wu et al., 2006). The splitting results of
the amide bands indicated that the random coil
and β-sheet structures were coexisted in the SF film
after the methanol solution treatment. The MPEG-
b-PDLL film was prepared by film casting of
MPEG-b-PDLL solution in dichloromethane. The
FT-IR spectrum of MPEG-b-PDLL film in Figure
1 (e) showed strong absorption band at 1760 cm-1,
attributed to the carbonyl stretching. The spectra of
the SF nanocomposite films with SF/MPEG-b-
PDLL composite ratios of 20/1, 20/2 and 20/3
(w/w) in Figures 1 (b) – (d), respectively showed
the characteristic bands of both SF and MPEG-b-
PDLL components. In parallel with hypothesis, the
intensity of carbonyl bands of the SF nanocomposite
films increased when the MPEG-b-PDLL ratio was
increased.

Table 1 Composite ratios of SF/MPEG-b-PDLL nanocomposite films.

SF/MPEG-b-PDLL 
nanocomposite films (w/w) 

1% (w/v) SF solution 

(mL) 
MPEG-b-PDLL a 

(mg) 
20/0 
20/1 
20/2 
20/3 

20 
20 
20 
20 

- 
0.01 
0.02 
0.03 

 a amount of MPEG-b-PDLL dissolved in 2 mL [3/3 (v/v)] acetone/ethanol mixture solvent.
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Figure 2. SEM images of film surfaces of (a) SF, (b) 20/1 SF nanocomposite, (c) 20/2 SF nanocomposite
and (d) 20/3 SF nanocomposite films.

Figure 1. FT-IR spectra of (a) SF, (b) 20/1 SF nanocomposite, (c) 20/2 SF nanocomposite, (d) 20/3 SF
nanocomposite and (e) MPEG-b-PDLL films.
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Figure 3. SEM images of film cross-sections of (a) SF, (b) 20/1 SF nanocomposite, (c) 20/2 SF
nanocomposite and (d) 20/3 SF nanocomposite films.

The amide I and II bands for the SF
nanocomposite films were shifted to higher wave
number [Figures 1(a) – 1(d)] indicated that the
specific intermolecular interaction between SF and
MPEG-b-PDLL were existed. It was proposed that
the formation of nanoparticles could induce the partial
transformation of SF to a random coil conformation.
3.2. Film morphology

Thickness of the SF and its nanocomposite
films was determined by SEM analysis. It was found
to be in the range of 30 – 60 mm. Figure 2 shows
the film surfaces morphology of SF and its composite
films. The MPEG-b-PDLL nanoparticles can be
detected on the film surfaces of SF nanocomposite
films with approximately 100 nm in sizes. The
nanopores on film surfaces were measured for SF
nanocomposite films with the nanopore sizes in the
range of 50 – 300 nm. This due to self-condensed

and nanophase separated of the MPEG-b-PDLL
nanoparticles from the SF matrix during the drying
process (Baimark et al., 2007b). The number and
size of nanopores increased as increasing the MPEG-
b-PDLL ratios.

Figure 3 shows the film cross-sections
morphology of SF and its composite films. The film
cross-sections of SF nanocomposite films were
rougher than its surfaces. The MPEG-b-PDLL
nanoparticles and nanopores can be clearly observed
that dispersed into the SF film in the ranges of
100 – 300 and 10 - 300 nm with spherical shape.
Figure 4 shows expanded SEM image of 20/3 SF
nanocomposite film suggested that the SF
nanocomposite films contain interconnected
nanopores throughout the film. This indicated that
the SF nanocomposite films were nanoporous films.
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4. Conclusions
The SF nanocomposite films with different

SF/MPEG-b-PDLL composite ratios were success-
fully prepared by film casting of the surfactant-free
MPEG-b-PDLL nanoparticles suspended in SF
aqueous solution. The intermolecular interactions
between SF matrix and MPEG-b-PDLL
nanoparticles were investigated from FT-IR results.
The SEM images showed the nanoparticles with
spherical shape on film surfaces and cross-sections
and diameter of particle in the range of 100–300
nm. The SF nanocomposite films show nanoporous
structure with the pore size in the range of 10–300
nm. The number and size of nanoparticles and
nanopores increased when the MPEG-b-PDLL
ratio was increased. These nanoparticle-loaded SF
nanocomposite films with nanoporous structure might
be of interested for biomedical and pharmaceutical
applications.
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