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Abstract

A new polymer was synthetized based on the Chitosan polymer. The structural and optical properties
of the Chitosan derivative thin films have been investigated. The X-ray diffraction (XRD)
measurements showed that the powder is amorphous for CH-BHM. The thermal stability of CH-M
derived polymer was investigated using TGA measurements. TGA analysis showed that polymer
was stable from room temperature up to 373 K. The optical properties of thin films were investigated
using the spectrophotometric measurements. The absorption spectrum and The absorption

coefficient, o, were determined. The values of the optical energy gap Eg of the compound under
test was found to be 5.24 eV. A quantitative study concerning the localized states in the forbidden

gap (Urbach tail) was performed.

Keywords: Chitosan derivative; Thermal stability; Optical absorption; Energy gap.

Introduction

Owing to their exceptional and tunable
properties, organic materials have garnered
significant research interest for their potential
applications in  numerous technological
domains including optical devices (M. N. V. R.
Kumar et al., 2004; Pillai et al., 2009). Research
efforts are concentrated on developing novel
materials based on conducting polymers and
their derivatives, aiming for high stability, good
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conductivity, and significant energy storage
capability while maintaining cost effectiveness
(Natsumeda et al., 1977). Optical features such
as band gap energy is inherent to these polymers
due to the abundance of w-electron
delocalization along their backbones(Chiang et
al., 1978). Chitosan is a Chitin derivative
known for its biocompatible, biodegradable,
and non-toxic nature (Morgado et al., 2013).
Chitosan and its derivatives have garnered
significant  attention owing to  their
antimicrobial and antifungal  properties
(Muzzarelli et al., 1986; Qi et al., 2004).
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Chitosan has the most abundant natural amino
polysaccharide after cellulose with special
structure, multidimensional properties, and
various applications in biomedical and other
industrial areas (Hirano, 1996). Applications
based on the optical properties of Chitosan and
its derivatives are emerging and growing. For
instance, the development of sensors to detect
metal ions and biological structures, based on
resonant excitation of surface free-electrons
oscillations has been considered (Sugunan et
al., 2005).

In the present work, we aimed to investigate
structural, thermal stability and optical
absorption properties of one of the chitosan
derivative, namely, E)-3-(benzylideneamino)-
5-ethyl-6-(hydroxymethyl)-2-
(methoxymethyl)-2,3,4,5,6-
pentamethyltetrahydro-2H- pyran-4-ol.

Experimental techniques
Material

In this work, a novel polymer was derived from
Chitosan as start material. The derived polymer
is: E)-3-(benzylideneamino)-5-ethyl-6-
(hydroxymethyl)-2- (methoxymethyl)-
2,3,4,5,6-pentamethyltetrahydro-2H- pyran-4-
ol (CH-BHM). The chemical structure of the
derived polymer is depicted in Fig 1. The
derivative CH-BHM has been synthesized
according to the method present by (Diab et al.,
2011).

Fig.1: The molecular structural of CH-BHM.

Measurements and Characterization Samples
preparation

In the present work The XRD
measurements of polymers powder was
performed using (Shimadzu XRD 6000) in the
range 4 - 8-+°, with step of 0.01 degrees per
second with Cu Ko radiation source
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(wavelength of 0.15406 A), generator voltage
of 40 KV. The TGA measurements were
performed using a TG-50 instrument from
Shimadzu (Japan) for testing the thermal
behavior of samples. The heating was carried
out at temperature range from room temperature
up to 500 °C with a heating rate of 10 °C/min
under nitrogen gas atmosphere. The nitrogen
flow was kept at a constant rate of about 20
mL/min. Finally, the absorption measurements
recorded by JASCO model V-630 in the range
200-900 nm for samples in the form of thin film.
In practice, CH-BHM is insoluble in organic
solvents. To overcome this issue, 0.3 g of the
mixtures of pure Chitosan and CH-BHM with
ratio 2:1 in 8 mL acetic acid solution and 4 ml
distilled water for 12h to ensure complete
dissolving and mixing to produce Chi-1 which
is suitable for thin film preparation by spin
coating technigue. Thin film was prepared by
spin coating technique onto quartz substrates
using VTC-50A Spin Coater at 1500 rpm for
coating and 2500 rpm for drying for 30 s.

Result and discussion
Structural analysis
X-ray diffraction

The X-ray diffraction patterns (XRD)
for CH-BHM is shown in Fig 2. This figure

confirms the amorphous phase of CH-
BHM. The obtained XRD pattern is
demonstrating the same behavior of most
polymers (S. Kumar & Koh, 2012).
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Fig 2: XRD patterns of CH-BHM
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Thermal Analysis

Figure 3 presents the
thermogravimetric analyses Analysis (TGA)
thermogram and its derivative with respect to
temperature (TGA) for CH-BHM in the
temperature range 28- 490 °C. In the first stage
the heating up to 80°C, the CH-BHM losses
about 15% of its weight. this loss can be
attributed to the loss of humidity and / or
solvents residuals. The maximum loss rate
appeared at about 56 °C as shown in DTG curve.
CH-BHM appeared to be thermally stable in
the range 115- 205 °C. At the temperature range
205-490 °C, the polymer continue losses its
wight with high loss rate. The maximum loss
rate appeared at 287 °C as determined by the
second peak of the DTG curve. Such behavior
may be attributed to the degradation by loss of
phenyl group (Osman & Arof, 2003; Tucureanu
et al., 2016) and the continuous degradation of
the backbone of the polymer.
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Fig 3:
BHM

Optical characterization
Absorption characteristics and Energy gap:

The absorption spectrum provides
valuable insights into the band structure of
materials. The absorption coefficient (a) of the
material thin film can be determined from
experimentally measured absorbance data using
Equation (1) (Hassanien et al., 2020):
a=23032

d 1)
where A and d are the absorbance and
thickness of thin film, respectively. Figs. 4 and
5 show the measured Absorbance and the
calculated values of o for Ch-1 thin film as a
function of A, It is clear that the absorption
coefficient (o) has values greater than 1x103
cm-1. As well, there is absorption peak
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appeared at A = 291 nm in and 355 nm in the in
the UV- region of spectrum. These two peaks
may be attributed to n-7* orbital transition from
bonding to antibonding molecular orbitals
(Baerends et al., 2002)
Determining the energy gap (Eg) and
identifying the nature of electron transitions are
crucial for effectively utilizing materials in
device fabrication. To this end, we determined
Ey and the type of electron transitions by
analyzing the optical absorption near the
absorption edge. We employed the following
relationship proposed by (Baerends et al., 2002)
to analyze the absorption coefficient (a) in this
region .

r
ahv=B(hv-E,)", )

In Equation (2), B represents a constant that is
related to both electrical conductivity and the
energy level separation. The parameter 'r'
characterizes the nature of the electronic
transition. For direct transitions, 'r' assumes
values of 1/2 for allowed transitions and 3/2 for
forbidden transitions. In the case of indirect
transitions, 'r' takes on values of 2 for allowed
transitions and 3 for forbidden transitions
(Baerends et al., 2002). By differentiating
Equation (2) with respect to photon energy (4v)
and then dividing Equation (2) by this
derivative, we obtain the following relation:

[ah%d (ahV)/d(hv))}:%(hV—Eg).

@)
A plot of ahv/(d(ehv)/d(hv)) versus

hv is a straight line in the spectral range near
the absorption edge with slope of 1/r of about
0.5 and so the best expected type of electronic
transition is indirect allowed. The values of the
optical band gap (Eg) and onset gap (Eonset)
energies for chi-1 is determined by
extrapolating the linear portion of the
absorption edge to the x-axis, as shown in
Figure 6, and are determined to be 5.24, 2.26
eV, respectively.

Amorphous semiconductors and
insulators, like polymers, often exhibit
localized states within their bandgaps. In
general, localized states are energy levels
within the bandgap of a semiconductor that trap
electrons, preventing them from freely moving
and contributing to electrical conduction. These
localized states near the band gap edge can be
characterized quantitively using the Urbach
relation (Urbach, 1953):
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a=a,exp [E—V] (4)

where a, IS a constant and E. represents the
extent of these states within the band gap.
Understanding the extent of these states is
crucial for optimizing the performance of
devices fabricated from this polymer, such as
organic solar cells or electronic devices. By
analyzing the relationship between the
absorption coefficient and the incident photon
energy for the polymer thin film under
investigation as depicted in Figure 7, the values
of E, is directly the reciprocal of the slope. The
value of E, is calculated and found to be 0.35
ev.
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Fig 4: Absorbance spectrum of Chi-1 thin film
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Fig 6 : Dependence of (ahv)Y2 on hv for Chi-1
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Fig 7: Plot of Ln a versus incident photon energy,
hv, for Chi-1 thin film

Conclusion

The present study,
(benzylideneamino)-5-ethyl-6-
(hydroxymethyl)-2-(methoxymethyl)-
2,3,4,5,6- pentamethyltetrahydro-2H- pyran-4-
ol. (CH-BHM) is derived from Chitosan. The
amorphous nature of CH-BHM is confirmed by
XRD. Also the thermal analysis by
thermogravimetric analysis (TGA) revealed
that CH-BHM is thermally stable at temperature
up to 205 °C while it is under degradation with
the more increase of temperature. CH-BHM is
found to be insoluble. For studying the optical
properties, a mixture of CH-BHM and Chitosan
is successfully prepared, and spin coated onto
quartz substrates. The electronic transitions are
found in the UV region of spectra and attributed
to the w-m* transition from bonding to
antibonding molecular orbitals. The type of
electronic transition near the absorption edge is
found to be indirect forbidden and values of
fundamental and onset energy gaps is found to
be 5.24, 2.26 eV, respectively.
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