
INTRODUCTION

It is well-known that the polypeptides and their copolymers

have attracted much interest for their potential applications

based on their excellent biodegradable and biocompatible

properties1-8. The synthesized polypeptides and their copolymers

have been studied widely in the fields of functional biomaterials,

protein simulation, polymer carriers for protein, macromole-

cular conformational research, catalysis, nanoreactors and drug

delivery systems. etc9-13. For polypeptide copolymer films, an

important application is for temporary artificial skin substrates

in burn therapy14,15.

Compared with pure polypeptides or their copolymers,

relatively hard polypeptide copolymer/flexible polymer blend

films have received little attention. To the best of our know-

ledge, no experimental work has so far been reported on the

surface morphology and the properties of PBLG-graft-PEG/

P(BA-co-MMA) blend film. As known, polypeptide is a rigid

polymer, while P(BA-co-MMA) (wt ratio of BA to MMA:

3:1) is a flexible polymer16,17, the introduction of P(BA-co-

MMA) chains could affect the properties of the polypeptide

copolymer films and further enlarge the research field of the

polypeptide copolymers. In the present work, PBLG-graft-

PEG/P(BA-co-MMA) blend film was prepared by casting the

polymer blend solution in dichloroethane. Surface morpho-

logies of the polymer blend films were investigated by scanning

electron microscopy technique. Mechanical and chemical

properties of the polymer blend films were studied using tensile

tests and contact angle tests. It was found that the introduction
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of P(BA-co-MMA) into polypeptide graft copolymer could

exert marked effects on the surface morphology and the

properties of the polypeptide graft copolymer film.

EXPERIMENTAL

Poly(butyl acrylate-co-methyl methacrylate) (Mw = 40000,

wt ratio of BA to MMA: 3:1) was purchased from Shandong

Shituo Chemical Co. Ltd. (China). Poly(ethylene glycol)

monomethylether (mPEG, Mw = 750) was purchased from

Sigma Inc. (USA) and used without further purification. Hexane,

tetrahydrofuran (THF) and 1,4-dioxane are of analytical grade

and dried with sodium to remove water before use. Dichloroethane

and other solvents are of analytical grade and used without

further purification.

Synthesis of PBLG and PBLG-graft-PEG: The PBLG

sample was prepared by a standard N-carboxyl-γ-benzyl-L-

glutamate anhydride (NCA) method1-3. Molecular weight of

PBLG was estimated from the intrinsic viscosity measured in

dichloroacetic acid (DCA)18. PBLG-graft-PEG copolymer was

obtained by the ester exchange reaction of the PBLG homo-

polymer with mPEG (Mw = 750) in 1,2-dichloroethane with

p-toluenesulfonic acid as a catalyst according to the described

method1,2. The molecular weight of the PBLG used in the ester

exchange reaction was about 80000. The grafting percentage

of PBLG-graft-PEG was 9.5 % calculated according to the

document2,3.

Preparation of PBLG-graft-PEG/P(BA-co-MMA)

blend film: The polymer blend films were prepared by casting

a 30 wt % polymer blend solution in dichloroethane onto clean
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glass plates and drying them under vacuum at 50 °C. Also, it

is found that, when P(BA-co-MMA) mole content in polymer

blend is over 12 %, the polymer blend can not form continuous

film.

Test method: Scanning electron microscopy investigation

was carried out using a scanning electron microscope (Sirin

200, FEI, Holland). Gold was sprayed on the polymer blend

films in vacuum. Acceleration voltage was 10 kV. Tensile tests

were carried out with an Instron Model 4468 universal testing

machine (Digital Instruments, USA). The crosshead speed was

set to 100 mm/min. For each data point, five samples were

tested and the average value was taken. A 5 µL drop of pure

distilled water was placed on the polymer blend film surface

using a syringe with a 22-gauge needle. The static contact

angle was measured with an optical contact angle meter CAM

200 (KSV Instrument Ltd., Finland). The measurements of

each contact angle were performed within 10 s after each drop

to ensure that the droplet did not soak into the compact. The

surface contact angles were the mean of five determinations19.

Water-resistant pressure (mm) measurements of the polymer

blend films were carried out according to a conventional

method. The round sample films were used to seal the mouth

of a long round tube with graduation in millimeters (tube

diameter: 10 mm). After the tube mouth was sealed with the

polymer blend film, it was upset and deionized water was added

into the long round tube drop by drop. As soon as the deionized

water permeated through the polymer blend film, the height

of water column was written down20.

RESULTS AND DISCUSSION

The surface morphologies of PBLG-graft-PEG/P(BA-co-

MMA) blend films with various P(BA-co-MMA) mole contents

were studied by scanning electron microscopy. Fig. 1 presents

the surface morphologies of the polymer blend films with

various P(BA-co-MMA) mole contents: (a), 0 and (b) 6 %. As

it can be seen from Fig. 1, the surface morphologies of the

polymer blend films are various with increasing P(BA-co-

MMA) mole contents. With the increase of P(BA-co-MMA)

mole contents, the surface morphologies of the polymer blend

films become more coarse and the surface density increases,

which is caused by the interaction between the polypeptide

copolymer chains and the P(BA-co-MMA) segments through

entanglement. This phenomenon indicates that the difference

of the surface morphologies between the polypeptide graft

copolymer film and the polymer blend film could be attributed

to the introduction of P(BA-co-MMA) segments.

Tensile tests: Fig. 2 shows the relationship between the

tensile strength of the polymer blend film and the P(BA-co-

MMA) mole contents. As seen from Fig. 2, the tensile strength

of the polymer blend film decreased with the increase of the

P(BA-co-MMA) mole contents in the polymer blend. As men-

tioned above, compared with the polypeptide graft copoly-

mer, P(BA-co-MMA) (wt ratio of BA to MMA: 3:1) is relatively

flexible polymer, suggesting the decrease of the tensile strength

of polymer blend film is related with the introduction of the

flexible P(BA-co-MMA) segments. Under permitted P(BA-co-

MMA) mole content, the higher the P(BA-co-MMA) mole content,

the lower the tensile strength of the polymer blend film.

Fig. 1. SEM photographs of the polymer blend films with various P(BA-

co-MMA) mole contents: (a), 0 and (b) 6 %
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Fig. 2. Relationship between the tensile strength of the polymer blend film

and the P(BA-co-MMA) mole contents

Surface contact angle tests: Fig. 3 indicates the rela-

tionship between the surface contact angle of the polymer blend

film and the P(BA-co-MMA) mole contents. As is shown in

Fig. 3, the surface contact angle of the polymer blend film

increased with increasing the P(BA-co-MMA) mole contents

in the polymer blend, indicating that the hydrophobicity of
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Fig. 3. Relationship between the surface contact angle of the polymer blend

film and the P(BA-co-MMA) mole contents

the polymer blend film increased. As known, the PEG segments

in the polypeptide graft copolymer hold hydrophilicity, it

means that the polypeptide graft copolymer film holds a little

hydrophilicity; while P(BA-co-MMA) chains are hydrophobic,

indicating that the introduction of P(BA-co-MMA) chains

increased the hydrophobicity the polymer blend film.

Water-resistant pressure (mm) tests: Fig. 4 presents the

relationship between the water-resistant pressure of the polymer

blend film and the P(BA-co-MMA) mole contents. As shown

in Fig. 4, the water-resistance pressure of the polymer blend

film increased with the increase of the P(BA-co-MMA) mole

contents in the polymer blend, suggesting that the hydro-

phobicity of the polymer blend film increased. As discussed

above, the polypeptide graft copolymer holds a little hydrophi-

licity and the P(BA-co-MMA) segments are hydrophobic,

suggesting that the increase of the water-resistant pressure of

the polymer blend film was concerned with the introduction

of the hydrophobic P(BA-co-MMA) segments.

0 2 4 6 8 10 12

80

88

96

104

112

P(BA-co-MA) (mol%)

W
a

te
r-

re
s

is
ta

n
t

p
re

s
s

u
re

(m
m

)

Fig. 4. Relationship between the water-resistant pressure of the polymer

blend film and the P(BA-co-MMA) mole contents

Conclusion

A series of PBLG-graft-PEG/P(BA-co-MMA) blend films

were prepared by casting the polymer blend solution in

dichloroethane. Surface morphologies of the polymer blend

films were investigated by scanning electron microscopy.

Mechanical and chemical properties of the polymer blend films

were studied using tensile tests and contact angle tests. Scanning

electron microscopy photographs attested that the introduction

of P(BA-co-MMA) changed the surface morphologies of the

polymer blend films. Tensile tests verified that the introduction

of P(BA-co-MMA) decreased the tensile strength of the

polymer blend film. Both the surface contact angle tests and

the water-resistant pressure tests proved that the introduction

of the P(BA-co-MMA) chains increased the hydrophobicity

of the polymer blend films.
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