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structure of the anhydrous form of chitosan.

INTRODUCTION

Chitosan and its parent compound chitin are naturally
occurring B-(1,4)-linked linear aminopolysaccharides.
Chitosan, though less prevalent in nature, is a useful and easily
accessible derivative of chitin. Both polymers are biodegra-
dable, renewable resources with versatile chemical and physical
properties. As such, they are the subject of active scientific and
commercial study [1]. Chitosan is the deacetylated derivative
of chitin, which is the second most abundant polysaccharide
found on earth next to cellulose. Chitin is the main component
in the shells of crustaceans, such as shrimp, crab and lobster.
It is also found in exoskeletons of mollusks and insects and in
the cell walls of some fungi [2,3]. Chitosan is a high molecular
weight heteropolysaccharide composed mainly of B-(1,4)-2-
deoxy-2-amino-D-glucopyranose units and partially of B-(1,4)-
2-deoxy-2-acetamido-D-glucopyranose (Fig. 1).

The physical properties of chitosan arise from its crysta-
lline polymorph and biological activities. Crystal structure of
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This paper reports the characterization of chitosan particles with a 1.0 x 10° viscosity average molecular weight via attenuated total |
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the anhydrous form of chitosan provides knowledge of the
molecular and packing structure of the chitosan chains in the
crystal. Shear precipitated chitosan fibrids were examined by
polarized light microscopy using a Nikon Labophot-Pol micro-
scope (Nikon, Japan, Serial #951848). Photograph was taken
with ISO400 mm film using a Nikon N6OO6AF camera (Nikon,
Japan).

Chitin and chitosan are known for their excellent biological
properties. Among the most important are biocompatibility
with human cells, ordered regeneration of wounded tissues,
immune enhancing activity, induction of immediate homeo-
stasis, radical scavenging activity and antimicrobial activity
[4].

Chitosan is known to have high affinity for dyes belonging
to the acid, direct and fiber reactive dye classes. Chitosan or
modified chitosan is dyeable with vat sulfur and disperse dyes.
Basic dyes are the only dye classes that have inherent low
affinity for chitosan due to charge repulsion. The C (2) basic
amine group in each glucosamine group of chitosan is a

Fig. 1. Molecular structure of chitosan
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potential site for ionic interaction with acidic functional groups.
Protonation of the basic amine group makes chitosan soluble
in dilute aqueous organic and mineral acid solutions. In some
cases the ionic interaction is strong enough to render the salt
(especially, chitosan sulfate and sulfite salts insoluble in aqueous
solution, though the effect can sometimes be overcome by
heat or treatment with an excess of other acids [5]. Chitosan
ionic interactions have been characterized in terms of binding
behaviour and ammonium salt complex formation [6].

In this study, chitosan was characterized with FTIR, con-
ductometric titration, viscosity average molecular weight, X-
ray photoelectron (XPS) spectroscopy and polarized light
microscopy.

EXPERIMENTAL

Commercial samples of chitosan obtained from Sigma-
Aldrich Company with a viscosity average molecular weight
of 1.0 x 10° was confirmed using intrinsic viscosity and the
Mark Houwink Sakurada equation and deacetylation of 70 %
measured by acid base titration method. Other reagents used
were analytically pure. The solvents used were lactic acid.
Hydrochloric acid solution, 0.1 N (N/10) (Certified), both
obtained from Fisher Chemical, were used in acid-base titration
method to determine the degree of deacetylation. Anhydrous
sodium acetate (Fused Crystals/Certified ACS) was obtained
from Fisher Chemical. All the reagents and polymers were
used as received.

Determination of the degree of deacetylation (DD) of
chitosan by conductometric titration: The degree of deacety-
lation of chitosan was measured by acid-base titration dissol-
ving chitosan in an acidic solution by protonation of its amine
groups. In this method, 0.0940 g chitosan completely dissolved
in 10 mL of 0.1 N HCl solution and was titrated potentiomet-
rically with a 0.1 N NaOH solution.

Conductivity readings were measured using Orion
Benchtop Conductivity Meter, Model 162. The results were
obtained within 3-5 s after each addition of NaOH. To the
solution, a conductivity probe (Orion Conductivity Cell, Model
013030) was submerged and the solution was stirred until the
temperature became constant.

Conductivity readings were noted after adding the NaOH
solution. The readings were plotted as volume of NaOH
solution versus conductivity. The graphs show two deflection
points (Fig. 2).

The number of moles of NaOH used between the first
and the second deflection points equals to the number of moles
of amino groups of chitosan sample, which was calculated by
eqn. 1:

Number of moles of amino groups =
[Mnaon (mol/L) X V.y(mL) ]/1000 (D

where Mn.on is molarity of standard NaOH solution and V».y
is the difference in volume between the two bending points

> 10001
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Fig. 2. Conductometric titration curve of deacetylated chitosan

and the degree of deacetylations were calculated using eqn. 2
and the results are presented in Table-1.
Chitosan (C¢H;;O4N) molecular weight is 161.16 g/mol.

Degree of deacetylation (%) = [Number of moles of
amino groups (mol)/(Amount of chitosan in g)/
(Mw of repeat unit in g/mol)] x 100 2)

Viscosity average molecular weight (MW): Although
viscometry is not an absolute method for determining the
average molecular weight of chitosan, it is one of the simplest
and most rapid methods.

Specific viscosity (1s,) was calculated by using eqn. 3:

Ny = (-t)/t 3)
where t is a sample flow timer and t; is a solvent flow time.

The viscosity average molecular weight (M,) of chitosan
can be determined by the following Mark-Houwink Sakurada
equation (eqn. 4), where [1] is intrinsic viscosity determined
from Huggins plot (Fig. 3) using Huggins equation (eqn. 5)
and k and o are empirical coefficients that are dependent on
the solvent systems, temperature employed and the degree of
deacetylation of chitosan.

[n] =k M,* (Mark-Houwink Sakurada equation) (4)
Ny/c =[M] + ku [N]°c (Huggins equation) ®))
[M] =lim..[n]/c
where [n] is an intrinsic viscosity (mL/g), M, is the viscosity-
average molecular weight, k (mL/g) and are empirical Mark-
Houwink parameters, c is the concentration of solution (g/mL),
T 1S a specific viscosity, ki is the Huggins coefficient, respectively.

The viscosity average molecular weight of the chitosan
(70 % degree of deacetylation based on the conductometric
titration) was determined by the method of Wang er al. [8].
Dry chitosan was dissolved in aqueous 0.20 M acetic acid/
0.10 M sodium acetate to give an initial polymer concentration
of 1.0 mg/mL. Cannon-Ubbelohde semi-micro viscometer
(Size 100. L57, Constant = 0.01365 mm?*/s* (cSt/s)) was charged
with chitosan sample and equilibrated to 30.00 + 0.05 °C in a
constant temperature bath. The solutions were diluted according
to the scheme shown in Table-2 and polymer sample flow times

TABLE-1
DEGREE OF DEACETYLATION (DD %) CALCULATED BY CONDUCTOMETRIC TITRATION

Chitosan Reaction Amount of  Difference in volume between two Number of moles of Degree of deacetylation
sample time (h) chitosan (g) deflection point (mL) amino groups (mol) (DD, %)
DD-70 0 0.0976 20.9-16.7=3.8 0.00038 70
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TABLE-2
INTRINSIC VISCOSITY MEASUREMENT OF THE AS RECEIVED CHITOSAN (DD-70)
C (g/mL) 0 (solvent) 0.001496 0.000714 0.0004 0.000266 0.000133
Time (s) 98.52 196.076 152.954 123.762 113.66 105.214
My 0.990215 0.552517 0.256212 0.153674 0.067946
N/C 990.2152 773.617 640.5298 577.7232 510.8691
(M) were recorded for 10 replications at each concentration 100°C > 100°C
and averaged. The results of viscosity measurement are .
reported in Tables 3-5. Specific flow times (1,,) were calculated 2:5°C/min
according to eqn. 6, where M, is a sample flow time and n;is a 2.5°C/mi
pure solvent flow time. 40°C
Ny = Mp—N/M; (6) 30°C

From Huggins plot (Fig. 3) the intrinsic viscosity [1] was
determined by extrapolating the linear regression of plots of
Ns/C versus C to zero concentration. The point at which the
linear line touches the 1,/C (y-axis) is the intrinsic viscosity.
The degree of deacetylation which was calculated with the
help of acid base titration method was used to determine k and
a values. Then the average viscosity molecular weight was
calculated with the help of [n], k and a by the Mark-Houwink
Sakurada equation. The properties of original chitosan are
provided in Table-3.

13001
11004 y =53.22x + 432.5
5 R’ = 0.9832
E 9001
£ 7001
=
5001
300 T y T T - )
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Concentration (g/mL) x 10
Fig. 3. Huggins plot of ng/c versus concentration for the as received de-

acetylated chitosan (DD-70) in 02 M CH;COOH/0.1 M CH;COONa
aqueous solution

Dyeing of chitosan substrates: Acid salts are forming
strong salts on chitosan. Chitosan fibrids were dyed separately
for 30 min to equilibrium with Acid Red 360 under isothermal
conditions (AT = 0). Isothermal exhaustion curves of dye on
chitosan were obtained to establish the time required to reach
equilibrium in the Acid Red 360 experiment (Fig. 4). After
dyeing, samples were removed from the dye bath, rinsed briefly
in deionized water to remove surface dye and air dried sepa-
rately with Telon Red AFG (Acid Red 360) Dystar with a concen-
tration of 5 g/L using exhaustion method.

Microscopic images: Shear precipitated dyed chitosan
fibrids were examined by polarized light microscopy using a
Nikon Labophot-Pol microscope (Nikon, Japan, Serial
#951848). Photograph was taken with ISO400 mm film using
a Nikon N6OO6AF camera (Nikon, Japan).

FTIR spectroscopy: Infrared spectroscopy was perfor-
med on the samples using the Nicolet Nexus 470 spectrophoto-

Fig. 4. Dyeing procedure of chitosan substrates with Acid Red 360 by
exhaustion method

meter FTIR infrared analyzer with AVATAR Omni sampler in
the attenuated total reflectance (ATR) mode.

XPS analysis: Surface characterization was performed
by X-ray photoelectron spectroscopy (XPS). XPS is based on
Einstein’s idea about the photoelectric effect, developed around
1905. This analysis is based on a photoelectric effect and it is
a quantitative spectroscopic technique.

RESULTS AND DISCUSSION

FTIR: The total reflection infrared spectra of chitosan
samples (DD-70) is shown in Fig. 5. FTIR spectra of chitosan
shows characteristic bands at 3350 cm™ which refers to O-H
stretching and N-H stretching (1° amide). Aliphatic C-H
stretching at 2929 and 2874 cm™. Two absorption peaks at 1650
and 1595 cm™ which refer to C=0 (acetyl group) of secondary
amide and NH, of primary amine. Two absorption peaks at
1425 and 1385 cm™ can be attributed to the C-H bending.
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Fig. 5. Infrared spectroscopy of the chitosan sample
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XPS analysis: The XPS spectra used in the analysis of
materials is obtained by irradiating a specimen with an X-ray
beam. As this occurs, the kinetic energy and number of electrons
that escape from the top are measured. There are in the range
of 1 to 10 nm of the material itself. High-resolution XPS spectra
regarding C;;, O;s and N, are discussed. High-resolution spectra
for C,, Oys and N regions were obtained, using a pass energy
of 20 eV. Due to their insulating nature, chitosan surfaces
became positively charged after the emission of photoelectrons,
resulting in a broadening of the spectral lines and drift to ward

TABLE-3
PROPERTIES OF MEDIUM VISCOSITY AND ORIGINAL CHITOSAN

Chitosan sample ~ Reaction time (h) DD (%) K (mL/g)

Viscosity average

a Intrinsic viscosity [n] molecular weight (M)

Original 0 70 0.000122

1.10141 475.4 1.0 x 10°
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higher binding energy. Thus, the binding energies of the photo-
electron peaks were calibrated, assigning a binding energy
of 285.0 eV to the aliphatic carbon (-CH»-) C; peaks, present
as a carbon surface contaminant. Element atomic percentages
were calculated from the integrated intensities of XPS peaks,
taking into account the atomic sensitivity factors of the instru-
ment data system.

The survey spectra of chitosan confirmed the presence of
carbon, oxygen and nitrogen (Fig. 6). The C,, peak at 285.0
eV was mainly assigned to the carbon surface contaminant
-CHa-, but also to C-NH, chemical bindings, given that amines
are reported to induce small chemical shifts, namely of 0.6 eV
[1]. The peaks at 284.9 eV was assigned to C-O, C-OH and
C-N-C=0 and the peak at 285.0 eV to O-C-O and N-C=0
chemical bindings [9-11].

The resolved N spectra of chitosan samples are also
shown in Figs. 2 and 3. Two peaks were identified. The peak at
399.9 eV was assigned to N-C=0 and NH, chemical bindings,
while the peak at 400.0 eV was assigned to amino groups in
the ammonium form (NH;") [12,13]. Both forms, NH, and
NH;" were likely to be present in chitosan samples, taking
into account the pK, of chitosan amine groups (about 6.5) [14].

Microscopic images: Chitosan shear precipitated fibrids
were birefringent, showed positive birefringence (Fig. 7), indi-
cating that the predominant polymer chain orientation was
parallel to the fibrid axis.

x10°

12{ NamePos. FWHM Area  At% =
Cis 284.881.888 5444.3 59.502 O
Nis 399.881.976 1019.8 6.297
10 O1s 532382.186 60123 23.056

Fis 689.882.698 8690.4 2.207
Sicp 101.881.791 707.4 8.938
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N
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Fig. 6. Chitosan with a degree of deacetylation 70 % bound onto nylon 66 fibers

Fig. 7. Chitosan fibrids dyed with fluorescent red

Conclusion

Chitosan was characterized with FTIR, conductometric
titration, viscosity average molecular weight, polarized light
microscopy and XPS. Glycosidic linkages of C-H stretch at

1156-1152 cm™ show its saccharide structure. Two peaks were
identified in the resolved N, spectra of chitosan samples. The
peak at 399.9 eV was assigned to N-C=0 and NH, chemical
bindings, while the peak at 400.0 eV was assigned to amino
groups in the ammonium form (NH;"). Both forms, NH, and
NH;" were likely to be present in chitosan samples, taking
into account the pK, of chitosan amine groups (about 6.5).
Dissolved chitosan was known to participate in ionic bonds
with small water soluble parts. Chitosan-dye ionic interactions
were observed to evaluate the inherent affinity of Acid Red
360 for chitosan for the observation of the crystal structure of
the anhydrous form of chitosan which provides knowledge of
the molecular and packing structure of the chitosan chains in
the crystal.
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