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SUMMARY

This paper presents the results of a study of the chemical structure and morphology of
polyblends of chemically modified chitin and chitosane with poly(ethylene oxide).
Poly(ethylene oxide)(PEO) forms a compatible one-phase blend with chitosane acetate
salt (PEO/CHIACA) and a non-compatible two phase blend with dibutyrylchitin
(PEQ/DBCHI). The compatible one-phase blend of PEQ/CHIACA is formed due to the
formation of strong hydrogen bonds between ether groups in PEO and hydroxy groups in
CHIACA. Chemical and crystalline morphological structure is discussed here.

INTRODUCTION

Chitin is one of the most abundant biopolymers being second only to cellulose in the
amount produced annually by biosynthetis [1]. It occurs in animals, particularly in
crustacea, molluscs and insects, where it is an important constituent of the exoskeleton,
and in certain fungi where it is the principal fibrillar polymer in the cell wall [2].

Chitosane is a product obtained by alkaline deacetylation of chitin {3] but its natural
occurrence is much less widespread than chitin,

Both chitin and chitosane and their chemically modified analogues exhibit very good
biocompatibility [4,5]. Gel-forming modified chitosanes are more suitable for medical
use than chitosane itself [6,7]. Chitosane has also been investigated in association with
dental materials such as poly(tetrafluorethylene) [8], microvascular prothesis [9],
hydroxyapatite [10], and in dental surgery [11] and it was found that it improved
biocompatibility, favoured cell migration, and inhibited adsorption of oral streptococci
[12]. Chitosane also exhibits haemostatic and bacteriostatic action (13-15) and is used
for plaque inhibition and denture cleansing [16,17].

Our earlier interest was in the application of chitosane-poly(acrylic acid) for tightening
of microchannels in teeth [18]. Poly(ethylene oxide) form polyblends with modified
chitin and chitosane. The formed complex could be applied in the form of thin films for
wound dressing or even as biodegradable material for food packing. Poly(ethylene
oxide) films are biocompatible and exhibit a low degree of protein absorption and cell
adhesion [19-24]. For this reason, we have chosen to study the structure and morphology
of blends of poly(ethylene oxide) with chitosane acetate and dibutyrylchitin.

EXPERIMENTAL

A commercial chitosane (CHI) of low molecular weight 70,000 was obtained from
Fluka (Swiss). Poly(ethylene oxide) (PEO) type WSRN 750 produced by Union Carbide
was used without further purification. Chitosane acetic acid (CHIC) and dibutyrylchitin
(DBCHI) were prepared according to the literature [3] and [25,26], respectively.
Polyblends of PEO/CHIACA and PEO/DBCHI were prepared from 3 wt-% solutions of
components in water and nitromethane, respectively.
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IR absorption spectra of CHIACA, DBCHI and their blends with PEO were recorded
from the films using a FTIR spectrometer, Model 1650, Perkin Elmer.

DSC curves were obtained using a Perkin Elemer DSC 4 thermal analysing system with
a standard heating and cooling rate of 10° C min-1; 3-4 mg samples were used in a
nitrogen atmosphere over the temperature range 25-300°C. Indium (Tp, = 156.6°C) was
used for temperature calibration.

Wide angle X-ray diffraction (WAXD) patterns were obtained using a wide angle
X-ray diffractometer type HZG 4/A-2 (Germany) (CuKg-tube and Ni Filter). The

diffraction patterns were determined over a range of diffraction angles 20 = 10°-30°.
Polarized optical and scanning electron microscope (SEM) photomicrographs were made
with a Nikon polarizing microscope, type Optophot-2 Pol and with a Jeol JSM - 820
scanning microscope, respectively.

RESULTS AND DISCUSSION

Chitin (2-acetoamid)-2-deoxy-(1-4)-B-D-glycopyranan) and chitosane (2-amino-2-
deoxy-(1,4-)-B-D-glycopyranan) (CHI) are practically insoluble in water and organic
solvents due to its micelle structure, the close packing of their molecular chains, and the
presence of several different types of hydrogen bonding. In order to increase their
solubility, they have to be chemically modified. Chitosane gives water-soluble salts with
acetic acid (CHIACA) [3], whereas dibutyrylchitin (DBCHI) [26] is easily soluble in
dioxane, tetrahydrofuran, acetone, nitromethane, DMF, methanol, and other common
solvents.

Polyblends of poly (ethylene oxide) (PEO) with chitosane acetic salt (PEQ/ CHIACA)
and dibutyrylchitin (PEO/DBCHI) casted from water and nitromethane (3wt -%
solutions) respectively, form clear (transparent) to opaque (non-transparent) films. Their
transparency is dependent on the polyblend composition and is due to the presence of
spherulitic structures and its one- or two-phase crystalline morphology.

The scanning electron microscopy (SEM) microphotographs show that PEO/CHIACA
give very compatible blends (Figl-I), whereas PEO/DBCHI blends are incompatible
(Fig.1-II). In the last case it is possible to observe complete separation of the phases of
the components (PEQ and DBCHI) in the blends (Fig.2). The good compatibility of PEO
with CHIACA is probably due to the formation of hydrogen bonds between OH groups
and CHIACA and ether links in PEO.

CH  CH “OwH++0+CHIACA)
(CHIACA) - OHe- 0] Hp -CH,

CH2 = CH2> 0 O {CHIACA)

The butyrylic groups, which almost completely replace the OH groups in DBCHI, play
the role of spatial hindrance, rendering formation of a one-phase compatible blend with
PEO (Fig.2).

Pure PEO films crystallize according to a spherulitic morphology. When PEO films are
observed under the polarizing microscope, with crossed polaroids, circular birefringent
regions, truncated by impingements are observed. The birefrigent patterns display a
Maltese cross with arms parallel to the directions of the polarize and analyzer. (Fig.3).

Polarized optical microphotographs show that the radius of PEO spherulites crystallized
from water (Fig.4-IA) are larger than those crystallized from nitromethane (Fig.4-1IA).

Addition of CHIACA. and DBCHI to PEO causes different changes in the spherulitic
morphology of PEQO depending on the type and ratio of the components in the blends
(Fig 4). In the case of PEO/CHIACA blends, spherulite structures are formed up to
PEO (:1CHIACA ratio 50:50 (Fig. 4-IC) and disappear completely at a ratio of 25:75
(Fig. 4-ID).

For PEO/DBCHI blends the last spherulite structures were observed at ratio 80:20
(Fig.4-1IB), whereas they completely disappear at a ratio of 75:25. The regular
spherulites observed in pure PEO (Fig.4-IA) are distorted in its blends with CHIACA
(Figs. 4-IB and 4-IC) and with DBCHI (Fig. 4-1IB).
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Fig.1 SEM microphotographs of blends of: (I) PEO/CHIACA and (II) PEO/DBCHI at
different ratios; (IA) and ([1A)=75:25; (IB) and (IIB) = 50:50; (IC) and (IIC)= 25:75.
Magnification 2000x.
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Fig.2 SEM microphotograph of the incompatible PEO/DBCHI blend at ratio 50:50.
The egg-like morphology belongs to the DBCHI imbedded in PEQ matrix.
Magnification 3000x.

Fig.3 Polarisation microscope image
of PEQO spherulite with birefringent
pattern displaying a Maltese cross
Magnification 300x.

This observation indicates that growth of spherulites in PEO matrix depends on a phase
segregation phenomen, which is the largest in incompatible PEO/DBCHI and much
smaller in compatible PEO/CHIACA. In the last case, CHIACA molecules are probably
incorporated, during crystallization, in interlaminar regions of PEQ.

The PEO in the crystalline state (70-80% of crystallinity in our sample) has the tendency
to form a helical structure consisting of a succession of nearly trans, and gauche forms
about the C-C, O-C, and C-C bonds, respectively [27-30]. Chitin [2,31] and chitosane
[2,32] form structurally complicated crystalline polyamorphic (o, and y-) forms,
depending on their origin, and the way of preparation. The a-form of chitin, due to the
symmetry of the orthorhombic cell, differs from the B-form of chitin in which the unit
cell is monoclinic, whereas y-form may contain both types of cells. The most abundant
form is a-chitin, which also appears to be the most stable since both the p- and y-chitin
may be converted into the a-form by a suitable treatment. In both chitin and chitosane
the chains are arranged in sheets or stacks, the chains in any one sheet having the same
direction or "sense" and being hydrogen-bonded together through C(21)N-HeeeQ=C (73)
bonds. In p-chitin there is an additional C(61)OHe**O=C(73) intra sheet hydrogen bond
between two adjacent chains. Both chitosane and DBCHI haye an orthorhombic
arrangement with unit cells of a =8.9A, b =17.0 A, and ¢ =10.25A (fibre axis) [32,33]
and a =4.4A, b =13.4 A and ¢ =10.3 A (fibre axis) [34], respectively.

The WAXD patterns show that PEO (Fig.5A) and DBCHI (Fig.5G) have crystalline
morphology, whereas CHIACA is completely amorphous (Fig.5D).
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D
Fig. 4 Polarizing microscope microphotographs of: IA and IIA pure PEO crystallized
from water and nitromethane respectively; and blends of PEO/CHIACA at ratio:
(IB) 75 : 25; (IC) 50 : 50; (ID) 25 : 75; PEO/DIBCHI at ratio: (IIB) 80:20,
(IIC) 50: 50 and (IID) 25 : 75.
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The PEQ crystallizes in PEO/CHIACA (Fig.5C) and PEO/DBCHI (Fig.5F) blends
evenly at a ratio 25:75. The PEO crystallization in PEO/CHIACA and PEQ/DBCHI
blends is probably very little influenced by the CHIACA or DBCHI component.
However, some of the CHIACA and DBCHI molecules can be trapped between the
growing fibrils and cause distortion of the growing spherulites (Fig,4-I and 4-II).

{
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Fig. 5 WAXD diffraction patterns of: (A) pure PEQ; (D) pure CHIACA; (G) pure
DBCHI, and blends of PEO/CHIACA at ratio: (B) 50:50; (C) 25:75; and blends
of PEO/DBCHI at ratio: (E) 50:50; (F) 25:75.
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Fig. 6 DCS curves of: (A) pure PEO and Fig.7 Shifting of the melting tempera-
blends of PEQ/CHIACA at ratio: (B) ture of PEO in blends: PEO/CHIACA
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at ratio: (D) 50:50 and (E) 25:75. different ratios.
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The DSC curves show that the melting temperatures (T max, °C) of PEO/CHIACA and

PEO/DBCHI blends decrease with increasing content of CHIACA or DBCHI in a blend
(Fig. 6 and Fig.7). The decreasing Ty is linearly only for PEO/CHIACA blend but not
for PEO/DBCHI (Fig.7). This variation can be due to the diluent effect of the CHIACA
or DBCHI on the chemical potential of the crystallizable PEO as the two components are
blended The spherulities of the crystallizable PEO component grow in a matrix of
another blend's component.
The DSC curves of crystalline DBCHI (curves are not given here) show existence of the
endothermic minimum partition in the vicinity of 75°C, similar to that reported
elsewhere [34]. However, glass transition temperatures (Tg) in the range 150-250°C were
not found. The CHIACA and DBCHI start to decompose at temperatures of 125°C
(brown) to 215 °C (black) and 210 °C (brown) to 250 °C (black) respectively.

The FTIR spectra of PEO (Fig.8A), CHIACA (Fig.8B) and DBCHI (Fig. 8D) and their
blends PEO/CHIACA (50:50) (Fig.8C), and PEO/DBCHI (50:50) (Fig.8E) show that
they are almost superimposed (Fig.8 ABC and Fig.8 ADE)
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Fig.8 FTIR spectra of: (A) pure PEQ; (B) pure CHIACA; (D) pure DBCHI and blends
of: (C) PEO/CHIACA 50:50; (E) PEO/DBCHI 50:50.

IR spectra of CHIACA (Fig.8B) and DBCHI (Fig.8D) differ from each other and are
interpreted elsewhere [25,34,35]. In the case of PEO/CHIACA, a band at 3250cm-! is
formed (Fig.8C). This is attributed to the formation of intermolecular hydrogen bonds
between OH groups in CHIACA and ether links in PEO. The strong band at 1564 ¢m-1
attributed to -NHa+ (-OOC-) in CHIACA (Fig.8B) also exists in PEO/CHIACA
(Fig.8C), showing that it does not participate in the intermolecular bonding between PEO
and CHIACA.

In conclusion, only the compatible PEO/CHIACA blend may be considered for
application as wound-dressing film in medicine and as a packaging-film material.
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