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ABSTRACT

This paper reviews studies on dissolution, derivatization, and nanomaterial processing of chitin using an ionic liquid as
useful media. Because chitin is the second most abundant polysaccharide on the earth after cellulose, there is major in-
terest in conversion of native chitin resources into various useful materials after proper dissolution in suitable solvents.
For the derivatization and nanomaterial processing of chitin, the author has been focusing on ionic liquids because
which have been found to be used as good solvents for cellulose in a past decade. The author found that an ionic liquid,
1-allyl-3-methylimidazolium bromide (AMIMBY), dissolved chitin in concentrations up to 4.8 wt% and mixtures of the
higher amounts of chitin with AMIMBr gave ion gels. Acetylation, the simplest derivatization, of chitin using acetic
anhydride was achieved in the AMIMBr solvent under mild conditions. Furthermore, the chitin nanofibers were fabric-
ated by regeneration technique from the chitin ion gel with AMIMBr using methanol. Moreover, filtration of the chitin
nanofiber dispersion with methanol was carried out to give a chitin nanofiber film. The chitin nanofiber-poly(vinyl al-

cohol) composite film was also prepared from the ion gel by co-regeneration method.
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1. Introduction

Ionic liquids are low-melting-point molten salts, defined
as that form liquids at room temperature or even at tem-
peratures lower than the boiling point of water. The
property is owing to that the liquid state is thermody-
namically favorable due to the large size and conforma-
tional flexibility of the ions, in which these behaviors
lead to small lattice enthalpies and large entropy changes
that favor the liquid state [1,2]. In the past more than a
decade, ionic liquids have attracted much attention due to
their specific characteristics such as excellent thermal
stabilities, a negligible vapor pressure, and controllable
physical and chemical properties [3]. Beyond these tradi-
tional properties of ionic liquids, recently, interests and
applications on ionic liquids have been extended to the
researches related to biological macromolecules such as
naturally occurring polysaccharides, because of specific
good affinities of ionic liquids for them [4].
Polysaccharides are widely distributed in nature and
have been regarded as structural materials and as suppli-
ers of water and energy [5]. Of the many kinds of poly-
saccharides, cellulose and chitin are the most important
biomass resources because they are the first and second
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most abundant natural polysaccharides on the earth, re-
spectively [6-10]. Chitin is an aminopolysaccharide con-
sisting of f (1-4)-linked N-acetyl-D-glucosamine resi-
dues, which has acetamido groups at the C-2 position in
place of hydroxy groups of the glucose residues in cellu-
lose (Figure 1). Despite its huge production in nature
and easy accessibility, chitin still remains as an unuti-
lized biomass resource primary because of its intractable
bulk structure and insolubility in water and common or-
ganic solvents. Even in recent years, therefore, there is
major interest in conversion into various useful materials
after proper dissolution of chitin in suitable solvents.
Chitin occurs mainly in the exoskeletons of crustacean
shells such as crab and shrimp shells in nature. Native
chitin in crustacean shells is arranged as microfibrils
embedded in a protein matrix [11,12]. The microfibril is
composed of nanofibers with 2 nm - 5 nm diameters.
Moreover, three types of crystalline forms, i.e., a-, -,
and y-chitins, are known depending on the arrangement
of the polymeric chains. The most abundant form is
o-chitin (e.g., from crab and shrimp shells) [13], where
the polymeric chains are aligned in an antiparallel fash-
ion. This arrangement is favorable for the formation of
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Figure 1. Chemical structure of chitin and schematic image
of chitin crystalline structures.

strong intermolecular hydrogen bonding, leading to the
most stable form in the three types of crystalline struc-
tures. In f-chitin (e.g., from squid pen), the polymeric
chains are packed in a parallel arrangement [14], result-
ing in weaker intermolecular forces. Accordingly, f-chi-
tin is considered to be less stable than a-chitin. y-Chitin
may be a mixture of a- and f-forms.

Since Rogers et al. comprehensively reported that an
ionic liquid, 1-butyl-3-methylimidazolium chloride, dis-
solved cellulose in relatively high concentrations [15],
ionic liquids have began to be used in the processing of
cellulose, which mainly concern with the dissolution,
homogeneous derivatization and modification, and re-
generation [16-19]. Therefore, ionic liquids are consid-
ered as powerful solvents and are used for material proc-
essing of cellulose. On the other hand, only the limited
investigations have been reported regarding the dissolu-
tion of chitin with ionic liquids including the author’s
study, in which the author found that an ionic liquid,
1-allyl-3-methylimidazolium bromide (AMIMBYr), dis-
solved or swelled chitin to form weak gel-like materials
(ion gels) (Figure 2) [20,21]. The other groups have also
reported the dissolution of chitin with ionic liquids,
1-butyl- and 1-ethyl-3-methylimidazolium acetates (Fig-
ure 2) [22,23]. However, the dissolution of chitin with
other ionic liquids having different cationic, anionic, and
substituent structures has hardly been reported. The ob-
servation suggests that the aforementioned ionic liquids
only having specific structures probably exhibit a poten-
tial for the dissolution of chitin [24-27].

Chemical derivatization of chitin is one of the efficient
approaches to explore their potentials, giving the novel
types of functional materials [28,29]. Derivatization of
chitin, however, is generally difficult owing to a lack of
solubility as aforementioned, and thus the reactions often
take place under heterogeneous conditions, leading to
low degree of substitution (DS). Even acetylation of chi-
tin, a simplest derivatization, has been performed only
under special conditions. The author has considered that
ionic liquids, that dissolve chitin, act as efficient media
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for derivatizations of chitin with high DS, and thus in-
vestigated acetylation of chitin in AMIMBr [30].

On the other hand, the preparation of self-assembled
fibrillar nanostructures, so-called nanofibers, is one of
the most useful methods to practically utilize polymeric
functional materials from native chitin sources [31-33].
Conventional approaches to the production of chitin
nanofibers are mainly performed upon top-down proce-
dures that break down the starting bulk materials from
native chitin sources (Figure 3). As the representative
techniques, acid hydrolysis [34-37], 2,2,6,6-tetramethyl-
piperidine-1-oxyl radical (TEMPO)-mediated oxidation
[38,39], and grinding technique [40,41] have previously
been performed to produce chitin nanofibers from native
chitin sources. The other method accorded to self-assem-
bling generative (bottom-up) route (Figure 3), in which
fibrillar nanostructures were produced by regeneration
from chitin solutions via appropriate process, as exam-
ples of the electrospinning equipment [42,43] and simple
precipitation process [44,45]. To efficiently provide chi-
tin nanofibers by the bottom-up technique, the author has
focused on the ionic liquid, AMIMBr. Accordingly, the
author successfully reported that chitin nanofiber films
were facilely obtained by regeneration from the ion gels
with AMIMBr using methanol, followed by filtration
[46].
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Figure 2. Representative ionic liquids that dissolve chitin.
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Figure 3. Top-down and bottom-up approaches for prepa-
ration of chitin nanofibers.
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On the basis of the above backgrounds and viewpoints,
this paper reviews the studies on the dissolution, acetyla-
tion, and nanofibrillation using AMIMBT. The series of
the studies provide new approaches for material process-
ing from native chitin sources.

2. Dissolution of Chitin with lonic Liquid

For the dissolution study of chitin with ionic liquids, the
author noted the previous study reporting that the imida-
zolium-type ionic liquids having a bromide counter anion
were the good solvents for synthesis of polyamides and
polyimides [47]. The result inspired to use the same kind
of ionic liquids for dissolution of chitin, because chitin
has the -N-C=0 groups as same as polyamides and polyi-
mides. Thus, three ionic liquids consisting of a bromide
anion were prepared, which were AMIMBr, 1-methyl-3-
propylimidazolium bromide, and 1-butyl-3-methylimida-
zolium bromide, and the dissolution experiments were
conducted as follows [21].

A mixture of chitin with each ionic liquid was heated
at 100°C and the heating process was simply followed by
a charge coupled device (CCD) camera on glass plate.
When AMIMBr was used for the dissolution experiment,
the clear solutions of chitin were formed in the concen-
trations up to ~4.8 wt% (Figure 4(a)), whereas the other
ionic liquids did not show ability to dissolve chitin even
in 1 wt% concentration. The disappearance of chitin
powder in the solution of 4.8 wt% chitin with AMIMBr
was confirmed further by the SEM measurement. The
SEM image of the mixture of chitin with AMIMBr after
heating it at 100°C for 48 h did not show any solid of
chitin (Figure 4(b)), suggesting that 4.8 wt% chitin was
solvated with AMIMBEF at least at the um scale level.

It was confirmed as follows that degradation and de-
crease in the molecular weight of chitin did not fre-
quently occur during dissolution with AMIMBr. The
powder X-ray diffraction (XRD), thermal gravimetrical
analysis (TGA), and IR results of the regenerated chitin
from the solution with AMIMBr, which was prepared by
addition of methanol into it, followed by filtration and
dryness of the precipitate, were almost same as those of
the original chitin. In addition, the hexanoyl derivative of
the regenerated chitin, which was synthesized by the re-

(b)

Figure 4. CCD camera view (a) and SEM image (b) of a
mixture of chitin (4.8 wt%) with AMIMBTr after dissolution
experiment (100°C, 48 h).
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action of the regenerated material with hexanoyl chloride
[48], showed the exact same '"H NMR pattern as that of
the hexanoylated sample from the original chitin and the
GPC profiles of both the derivatives were not much dif-
ferent from each other.

Interestingly, mixtures of higher amounts of chitin
with AMIMBr gave more viscous materials, i.e., gel-like
materials when 6.5 wt% - 10.7 wt% of chitin were im-
mersed in AMIMBr at room temperature for 24 h, fol-
lowed by heating at 100°C for 48 h and cooling to room
temperature. Indeed, the obtained 6.5 wt% chitin with
AMIMBEr did not flow upon leaning a test tube, whereas
the aforementioned 4.8 wt% chitin with AMIMBTr started
to flow upon leaning (Figure 5). The dynamic rheologi-
cal measurements showed that both 4.8 wt% and 6.5 wt%
chitins with AMIMBr behaved as the weak gels.

3. Acetylation of Chitin in lonic Liquid

As a simplest and useful derivatization reaction of chitin,
acetylation of chitin using acetic anhydride in an ionic
liquid solvent, AMIMBr, was performed (Figure 6) [30].
Prior to acetylation, chitin was dissolved with AMIMBr
(2.0 wt%) by heating the mixture at 100°C for 24 h with
stirring. Then, the 5 - 20 equiv. of acetic anhydride for a
repeating unit was added to the solution and the mixture
was heated at 60°C - 100°C for 24 h with stirring. The
products were isolated as a fraction insoluble in methanol
and the DS values of the products were estimated by com-
parison of the intensities of the two carbonyl absorptions
due to amido I (ca. 1658 cm™') and ester (ca. 1745 cm™")

(@)

Figure 5. Photographs of 4.8 wt% (a) and 6.5 wt% (b) chi-
tin with AMIMBE.
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Figure 6. Acetylation of chitin using acetic anhydride in
AMIMBY.
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in the IR spectra (Figure 7). No acetylation took place
under the conditions using 5 equiv. of acetic anhydride at
60°C. While the DS values increased under the condi-
tions using larger equiv. of acetic anhydride at higher
reaction temperatures. The highest DS value (1.86) was
obtained when the reaction was carried out using 20
equiv. of acetic anhydride at 80°C.

Because the products with high DS, which were ob-
tained by the reaction using 20 equiv. of acetic anhydride,
were soluble in DMSO, the structures of these products
were further confirmed by the '"H NMR analysis meas-
ured in DMSO-d;. On the basis of the integrated ratios of
the signals due to the acetyl protons to the signal due to
the anomeric protons, the DS values were calculated,
which were in good agreement with those determined by
the IR spectra. The all the above results indicated that
AMIMBr was the powerful media for the efficient deri-
vatization of chitin.

4. Preparation of Nanofiber Films from
Chitin lon Gel with lonic Liquid

The author has reported that chitin nanofiber films were
formed by regeneration from the aforementioned ion gels
with AMIMBr using methanol, followed by filtration
(Figure 8, Route A) [46]. First, chitin was swollen with
AMIMBr according to the procedure as aforementioned
to give the chitin ion gels with AMIMBTr (9.1 wt% - 10.7
wt%). It was found that chitin dispersions were obtained
when the gels were immersed in methanol at room tem-
perature for 24 h to slowly regenerate chitin, followed by
sonication. The resulting dispersion was diluted with
methanol, which was subjected to the SEM measure-
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Figure 7. IR spectrum of acetylated chitin obtained using 20
equiv. of acetic anhydride at 60°C (DS value; 1.79).
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Figure 8. Procedures for the preparation of chitin disper-
sion/nanofiber film (Route A) and chitin nanofiber-PVA
composite film (Route B).
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ment. The morphology of nanofibers with ca. 20 nm - 60
nm in width and several hundred nanometers in length
was observed in the SEM image of the sample from the
dispersion (Figure 9(a)), indicating the formation of the
self-assembled chitin nanofibers by the above regenera-
tion approach from the ion gel according to the bottom-
up process. When the dispersion was filtered, the residue
formed a film, which was further purified by Soxhlet ex-
traction with methanol. The SEM image of the resulting
film was also measured to confirm the nanoscaled mor-
phology of chitin, which showed the pattern of highly
entangled nanofibers (Figure 9(b)). This suggested that
such entangled structure of the nanofibers contributed to
formability of the film. The XRD pattern of the chitin
nanofiber film mainly showed the diffraction peaks cor-
responding to crystalline structure of a-chitin and is in
good agreement with that of an original chitin powder.
The result indicated that the crystalline structure of o-
chitin was reconstructed by the above regeneration pro-
cedure during the formation of the nanofibers.

As one of the possible applications of the present chi-
tin nanofiber film, the preparation of the chitin nanofiber-
poly(vinyl alcohol) (PVA) composite films was investi-
gated (Figure 8, Route B) [46]. First, the 9.1 wt% chitin
ion gel with AMIMBr was prepared according to the
aforementioned procedure and a solution of PVA (DP =
ca. 4300) in a small amount of hot water was added to
the gel (the feed weight ratio of chitin to PVA = 1:0.30).
Then, the co-regeneration using methanol was conducted,
followed by filtration and Soxhlet extraction with me-
thanol same as the aforementioned procedure to produce
the chitin nanofiber-PVA composite film. It was con-
firmed that a small amount of AMIMBr was remained in
the composite. The SEM image of the composite showed
that the nanofiber-like morphology was maintained and
PVA components probably filled in spaces among the
fibers (Figure 9(c)), indicating relative immiscibility of
chitin and PVA in the composite. Indeed, the DSC pro-
file of the composite film exhibited an endothermic peak
attributed to the melting point of PVA, suggesting some
immiscibility of PVA toward chitin in the composite.
However, the melting point peak of PVA in the compos-
ite film was broadened, indicating that the crystallinity of
PVA decreased in the composite film. The DSC result
suggested that chitin and PVA might be partially misci-
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Figure 9. SEM images of chitin dispersion (a), chitin nano-
fiber film (b), and chitin nonofiber-PVA composite film (c).
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ble at the interfacial area between the two polymers in
the composite film by the formation of hydrogen bonding
between them or by the presence of a small amount of
AMIMBr.

5. Conclusion

This article reviewed the dissolution, derivatization, and
nanomaterial processing of chitin using the ionic liquid,
AMIMBI. Because the author found that AMIMBr dis-
solved chitin in the concentrations up to 4.8 wt% by
heating and further the chitin ion gels were obtained from
the mixture of the higher amounts of chitin with AMIMBI,
acetylation of chitin using acetic anhydride was per-
formed in the AMIMBr solvent to give the acetylated
chitins with the high DS values. Chitin-based nanomate-
rials such as chitin nanofibers and nanocomposites with
synthetic polymer were also fabricated using AMIMBr.
Immersing the ion gel in methanol and subsequent soni-
cation gave the chitin dispersion. The SEM image of the
dispersion showed the formation of the self-assembled
chitin nanofibers. Then, filtration of the dispersion was
carried out to give the chitin nanofiber film. The com-
posite film of the chitin nanofibers with PVA was pre-
pared by a similar procedure as that for the chitin nano-
fiber film. The present methods using the ionic liquid,
AMIMBE, provide new chitin-based functional and com-
posite materials which have a highly potential to apply to
practical material research filed in the future. Finally, the
author would like to state that this review has especially
presented to the readers how the ionic liquid media are
useful for new approaches in the chitin research field,
which will be increasingly developed with attracting
much attention on the further technological interests in
the efficient use of chitin as the abundant biomass re-
source.
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