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Physicochemical Properties of Chitosan Film Prepared on a Metal Plate
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A novel method to prepare a chitosan film using a newly developed apparatus in which the cast plate was loaded
an electric charge was previously reported. In this study, the film prepared with or without the electric charge was
characterized by X-ray diffractometry, differential scanning calorimetry (DSC), a microwave molecular orientation

analyzer and an optical birefringence analyzer.

X-Ray diffraction patterns indicated that the film prepared with an electric charge (VF) had higher crystallinity
than the film prepared without an electric charge (NVF). These findings suggested that well-crystallized chitosan
fibers were formed during the preparation of VF. Furthermore, chitosan fibers in VF had more preferred orientation.
The DSC findings also indicated that the crystallinity of VF was higher than that of NVF. An electric charge during
preparation of chitosan film might help making a particular fiber arrangement of chitosan macromolecules. The
mechanical properties of VF and NVF reported previously were discussed from physicochemical characteristics of

the films.
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Previously, we reported a novel method to prepare a
chitosan film on the metal plate loaded with an electric
charge.’ Mechanical strength and cross sectional mor-
phology of the film prepared with an electric charge (VF)
were greatly different from those of the film prepared
without an electric charge (NVF).

Here, to characterize the natures of VF and NVF
physicochemically, we employed some sophisticated ana-
lytical techniques such as wide-angle X-ray diffractome-
try, differential scanning calorimetry (DSC), microwave
molecular orientation analyzer (MOA)*~* and a three
dimensional optical birefringence analyzer.>~*V Further-
more, the difference in the mechanical property of VF and
NVF was discussed from their physicochemical properties.

Experimental

Materials Chitosan, derived from crab shell chitin with about 95%
deacetylation, was generously supplied from Dainichi Seika Color &
Chemicals Mfg. Co., Ltd., Tokyo, Japan. The relative viscosity of a
0.2% chitosan aqueous solution (at pH 2.0) was 4.11 at 37°C as
determined with an Ubbelohde viscometer. The average molecular weight
of chitosan was determined to be 4.4x10° by gel-permeation
chromatography. Other chemicals used were of reagent grade. A stainless
steel flat plate was purchased from Queen Rose Co., Ltd. Teflon sheet
(thickness of 0.3 mm) was purchased from Nichiasu Co., Ltd. A direct
currency power supplier was purchased from Sunhayato Co., Ltd.

Preparation of Chitosan Film Chitosan films were prepared by using

the apparatus shown in Fig. 1 in the same way as reported previously.?
Briefly, 0.8% chitosan solution was prepared by using 1% (v/v) acetic
acid solution as a solvent. This solution (160 ml) was poured on the
metal plate in the apparatus. The upper plate was connected to the (—)
electrode and the lower one was connected to the (+) electrode of the
battery (15.2 V) which supplied direct currency. The solvent was naturally
dried up in the draft chamber at room temperature. The direct currency
was supplied during the drying. Acetic acid and water remaining in the
film were removed completely under vacuum for two days. Chitosan
films prepared with and without electric charge supplied were abbreviated
as VF and NVF, respectively.

X-Ray Diffractometric Method The wide-angle X-ray diffraction
patterns of the chitosan film were measured using a RINT-2500
diffractometer (Rigaku, Tokyo, Japan). Both the symmetrical-reflection
and symmetrical-transmission geometries were employed to investigate
the crystallite orientation in the films.!? A diffracted X-ray beam was
monochromated by using a bent-type graphite monochrometor, and a
scintillation counter was used as a detector. Other conditions were as
follows: voltage, 60kV; current, 200mA (for symmetrical-reflection
method), 250 mA (for symmetrical-transmission method); divergence and
scatter slits, 1.0°; receiving slit, 0.30 mm. Scattering intensities were
monitored with the fixed-time step-scanning method in the range of
5—40° (20) at an interval of 0.01° (20).

Differential Scanning Calorimetry (DSC) A differential scanning
calorimeter (Model DSC 8240B, Rigaku Denki, Tokyo, Japan) was used.
The film was cut into small pieces (about 2 x 2 mm) and used as samples.
The sample was heated up from room temperature to 300°C at a rate
of 10°C/min.

Microwave Molecular Orientation Analyzer (MOA) Macromolecular
orientation of chitosan in the film was measured by a microwave
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Schematic Representation of Apparatus for Preparing Chitosan Film
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Fig. 2. Principle of Measurement for Molecular Orientation Ratio by Molecular Orientation Analyzer

OSC, oscillator; DET, detector; 1, transmitted microwave intensity; ¢, dielectric constant; p, dipole moment.
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Fig. 3. Principle of Measurement for Three Dimensional Optical
Birefringence Analyzer

X, Yand Z mean the optical directions which are perpendicular each others.

molecular orientation analyzer (MOA-2012A, New Oji Paper Co., Ltd.,
Tokyo, Japan).2~* Figure 2 shows the principle of MOA. The incident
microwave intensity should be changed by mutual interactions between
polarized microwave and the dipole of the molecules in the sample (Fig.
2a). The frequency of the incident microwave was 12.6 GHz. The
transmitted microwave intensities were detected at 360 points in all
rotating directions (Fig. 2b), and plotted as a distance from origin on
an arbitrary scale.

Optical Birefringence Analysis Refractive indices (V) along X, Yand
Z axes of the film were measured by an optical birefringence analyzer
(Kobra-21ADH, New Oji Paper Co., Ltd., Tokyo, Japan).” ! Figure
3 schematically shows the principle of this analytical method. An optical

ray (590 nm) was projected to the surface of the film at angles of various
«. From phase differences with an angle of «, a reflecture index along Z
axis was evaluated. The difference in reflective index between two axes
was regarded as a birefringence (4N). For example, 4AN(x —z) expresses
the difference of reflective index between X and Z axes. Because there
was no restriction for selecting X and Y axes on the film, AN(x—y) is
consistent within 0.00005.

Results

In wide-angle X-ray diffractometry, the symmetrical-
transmission and symmetrical-reflection geometries were
employed to investigate the crystallite orientation of
chitosan macromolecules in the film. Figure 4 shows the
geometrical arrangement of the symmetrical-transmission
and symmetrical-reflection methods schematically. In the
symmetrical-reflection and the symmetrical-transmission
geometries, the diffraction of X-ray occurs only from i k/
planes parallel and normal to the film surface, respec-
tively.!?

Figure 5 shows X-ray diffraction patterns in VF and
NVF. In the diffraction pattern of VF, X-ray diffraction
peaks were observed at 8.6° (26) and 11.8° (26) in both
the symmetrical-reflection and symmetrical transmission
geometries. On the other hand, very broad diffraction
peaks were observed at 9.3° (20) and 15.2° (26) in the
pattern in NVF only by the symmetrical-reflection
geometry. Because of poor sensitivity of symmetrical-
transmission geometry, diffraction peaks would not be
observed in NVF measured by symmetrical-transmission
geometry. These findings may suggest that the crystallinity
of chitosan in VF was better than that in NVF. Normal

NII-Electronic Library Service



1374

Incident X-ray

Incident X-ray

Sample

Diffractive X-ray
Holder

Diffracting crystal planes

Vol. 44, No. 7

Diffractive X-ray

Holder

Fig. 4. Schematic Representation of Symmetrical Reflection (A) and Transmission (B) Geometry

A

B

Intensity

(b)
(a)

1 { !

(a)

1 ! 1

10 20 30 40

Scattering angle 2 8 (° )

Fig. 5. X-Ray Diffraction Patterns of Chitosan Films
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A, Symmetrical-reflection method; B, Symmetrical-transmission method. (a) VF, (b) NVF.

Table 1. Crystal Lattice Constants® and Diffracting Plane Indices of
Observed Diffraction Lines

Crystal lattice Diffracting

26 (observed) 26 (calculated)

constants plane indices
a(A) 138 8.6 040 8.69
b(A) 407 9.3 111 9.17
c(A) 163 11.8 022 11.76
B 96.48 15.2 21 1523

orientation of chitosan molecule to the film surface was
also suggested in NVF.

Several crystal structures of chitosan and its salts have
been reported.'® The crystal structure of chitosan in VF
and NVF was estimated by a peak matching. Assuming
the monoclinic structure reported by Cairns et al., all
diffraction peaks were attributable to the respective dif-
fraction of 4k / plane as shown in Tablel. The diffracting
plane indices of the peaks at 9.3° (26) and 15.2° (20) were
not attributable to any Ahk!/ planes, when other crystal
lattice constants were used.

Ogawa et al. reported the crystallinity of chitosan
membranes which were prepared in the aqueous acetic
acid solution.!* They found that the ratio of amount of
anhydrous crystals increased when the lower molecular
weight chitosan was used in the membrane preparation

from the low concentration of chitosan solution, whereas
the amount of hydrated crystals increased with an increase
of the molecular weight of chitosan. Reflection peaks at
around 10° (20) and 15° (26) were attributed to the
hydrated and anhydrous crystals, respectively. Although
the clear and sharp X-ray patterns were not obtained in
this study, it is likely that the reflection peak in NVF at
15.2° (20) and the peak in VF at 11.8° (20) would be
attributable to the anhydrous and hydrated crystals, re-
spectively. The difference in the diffracting planes observed
between VF and NVF suggested that the orientation of
chitosan fibers was modified by an electric charge.

Figure 6 shows the DSC thermograms of VF and NVF.
An endothermic peak of melting was observed at 173 °C
in VF, while an extremely broad peak was observed at
126 °C in NVF. The DSC findings also indicate that the
crystallinity of chitosan in VF was better than that in
NVF.

The transmitted intensities of polarized microwave were
detected at 360 points in VF and NVF. Macromolecular
orientation can be detected by the anisotropy of trans-
mitted intensity of polarized microwave. When macro-
molecules in the film have any orientation, the MOA chart
shows anisotropic figures and the degree of orientation
would be defined by the ratio of /(max) and /(min) in Fig.
2. In the present study, the degree of orientation is
described as macromolecular orientation ratio (MOR =

NII-Electronic Library Service



July 1996

5

(a)

—

Exothermic —s

Heat flow (mcal/sec)
o

<+——Endothermic

.5 L i
100 200 300

Temperature (C )

Fig. 6. Differential Scanning Calorimetric Curves of Chitosan Films
(a) VF, (b) NVF.

Table 2. Birefrengence by Optical Birefrengence Analyzer

Nx Ny Nz  AN(x—y) AN(y—z) AN(x—z)
VF 1.40174 140170 1.39656 0.00003 0.00514 0.00518
NVF  1.40104 140102 1.39794 0.00002 0.00307 0.00310

N, refractive index; AN, birefrengence index.

I(max)/I(min)). As the results of MOA, MOR values were
estimated as 1.00 in VF and 1.01 in NVF, respectively.
This suggests that there is little orientation of macro-
molecules of chitosan parallel to the surface of the films.
Table 2 shows the birefringence of VF and NVF. The
birefringence AN(y—z) and AN(x—z) shows macro-
molecular orientation in the sample. Namely, larger
AN(y—z) and AN(x—z) indicate macromolecular orienta-
tion normal to the surface of the film. The birefringence,
N(x—2z) and N(y—z), in VF was larger than that in
NVF, suggesting that chitosan fibers in VF and NVF
exhibited molecular orientation, and the degree of
orientation in VF was stronger than that in NVF.

Discussion

The results of X-ray diffraction and DSC measurements
indicated that chitosan in VF had higher crystallinity
rather than that in NVF. These findings suggest that longer
and/or well-crystallized chitosan fibers were formed with
an electric charge. Molecular orientation of chitosan fibers
and anisotropic structure of chitosan film were found in
both VF and NVF.

Longer chitosan fibers would make better network
structure and macromolecular orientation. In VF, chitosan
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fibers were considered to be twisted around each other.
On the other hand, a poor network structure of chitosan
fibers would be formed in NVF. An electric charge might
help making a certain fiber arrangement of chitosan
macromolecules. As reported previously, the tensile
strength test showed that VF was broken after yielding,
while NVF was broken without yielding.! These
phenomena may arise from the difference of aggregation
nature of chitosan macromolecules in these films. The
yielding behavior of VF is caused by the elongation of the
network structure made of chitosan fibers. The absence
of yielding behavior shown in NVF is due to the poor net
work structure of chitosan fibers.

Chitosan is widely investigated as a device for the sus-
tained or controlled release of many kind of drugs.!*>~*®
Drug release phenomena through chitosan films may
significantly be affected by the difference of molecular
orientation or anisotropic structure in VF and NVF.
Permeation studies of several kinds of drugs through VF
and NVF are now in progress.
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