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Abstract
This study is conducted to characterize and determine the optical properties of L-cysteine/chitosan
biocomposite thin film. This biocomposite thin film was prepared using spin coating technique. The obtained
thin film has been confirmed and characterized by FTIR and AFM while the optical properties were
evaluated by UV-VIS NIR spectroscopy.AFM analysis shows a non-porous, relatively smooth and
homogeneous surface. The absorption of the biocomposite thin film is the highest at 285 nm and its energy
band gap is 3.972 eV.The L-cysteine/chitosan biocomposite thin film may be considered as a novel material
for various application including drug delivery, tissue engineering, food packaging, metal absorption and
dye removal.
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1. Introduction
L-cysteine is one of the amino acids which contain a thiol group. Thiol group is functional group which
consists of sulfur atoms and hydrogen atom (S-H). Due to presence of thiol group, it is less toxic and acts as
1

European International Journal of Science and Technology

ISSN: 2304-9693

www.eijst.org.uk

an antioxidant to prevent free radical generation. Thiol group also has high affinity for metals which can
bind metals such as mercury, lead, copper and cadmium [1-3].One of the properties of cysteine is that the
amino acid undergoes redox reaction. Oxidation occurs by removal of hydrogen of cysteine to produce the
aforementioned disulfide cysteine. The molecular structure of L-cysteine is shown in Fig. 1.
Chitosan is the second most abundant biopolymer in the world, which is derived by alkaline N-deacetylation
from chitin [4]. The molecular structure of chitosan is shown in Fig. 2. Chitosan has advantages such as
biodegrability, non-toxic, antibacterial and unique physic-chemical [5]. Therefore, there are various studies
on chitosan based biocomposites. By mixing chitosan with different substances, various properties such as
mechanical, thermal, stability and adsorption ability can be increased without eliminating its good properties
[6-18].
However, to the best of our knowledge, there is yet a study to immobilize L-cysteine into chitosan to form
L-cysteine/chitosan biocomposite thin film. Hence in this article,we report the characterization of Lcysteine/chitosan biocomposite thin film and the studies on its optical properties. It is of interest as this
biocomposite thin film can be explored as novel, simple and environmental friendly materials for possible
absorption application in optical sensor.
2. Materials and Methods
2.1 Materialsand reagents
Medium-molecular-weight (MMW) chitosan with a degree of deacytelation of 75-85% and acetic acid
(assay ≥ 99.7 %) were purchased from Sigma Aldrich (St. Loius, MO, USA). Glutaraldehye (25% aqueous
solution) as crosslinker, was purchased from Alfa Aesar (Ward Hill, MA, USA).L-cysteine was obtained
from Fluka (Buchs, Switzerland). Glass cover slip (dimension 24 × 24 × 0.1 mm3) as substrate was obtained
from Menzel-Glaser(Germany).
2.2 Preparation of L-cysteine/chitosan biocomposite thin film
For preparation of chitosan solution, 0.4 g chitosan was dissolved in 50 mL of 1% acetic acid in a beaker.
The solution was stirred for an hour until the chitosan completely dissolved. Then, 0.05g glutaraldehyde was
added to the solution to cross-link chitosan. The cross-linked chitosan solution was stirred until become
homogenous.
Approximately 0.015g L-cysteine powder was dissolved using 10 ml of deionized water. The chemical was
stirred 6 hours until the L-cysteine was completely dissolved. The L-cysteine solution was added into 50 ml
chitosan solution and then stirred until homogenous.
L-cysteine/chitosan biocomposite thin film was prepared by spin coating technique using Specialty Coating
System, P-6708D. Approximately 0.50 mLof the prepared solution was placed on the glass cover slip
covering the entire surface. The glass cover slip was then spun at 3000 rpm for 30 s to produce the Lcysteine/chitosan biocomposite thin film.
2.3 Characterization
The Fourier transform infrared spectroscopy (FTIR) spectrum of the sample ranging from 400-4000 cm−1
was obtained using Perkin-Elmer spectrophotometer (CA, USA). The morphology of L-cysteine/chitosan
biocompositethin film was analyzed using atomic force microscopy (AFM) (Q-scope 250, Quesant
Instrument Corporation) [19].The UV-Vis spectrum wasrecorded using UV-Vis-NIR spectrophotometer
(UV-3600, Shimadzu).

2

European International Journal of Science and Technology

Vol. 3 No. 9

December, 2014

3. Results and Discussion
3.1 FTIR analysis
The FTIR spectrum of L-cysteine/chitosan biocompositeis shown in Fig. 3. The spectrum shows a broad
band between 3500 and 3100 cm-1indicate the presence of –OH group. For band 3268.72 cm-1, O–H group is
present and it has strong intensity because L-cysteine and chitosan consist this functional group. At band
1635.91 cm-1, C=C, C=O and N-H are overlapped with each other but amide group has highest intensity.
The functional group of X=C=Y is presence due to the mechanism of acyl group (C-X) transfer which is
presence as the composite is been dissolved with deionized water and also glutaraldehyde. In this spectrum,
there is no –SH group though one of the functional group in L-cysteine is sulfhydryl. Based on previous
study, it can be assumed that S–Hbond is forming new bond with NH2chitosan apart from its properties as
monoatomic which cannot be detected by FTIR [20].
3.2 Surface morphology
The microscopic characteristics of the L-cysteine/chitosan biocomposite thin film surface were determined
by atomic force microscopy (AFM) which is working in tapping mode. AFM topography images were used
as image analysis at low magnification levels. For each sample three measurements were performed at
different positions on the surfaces at ambient conditions. The typical AFM images of surface morphology of
the sample are shown in Fig. 4. The top panel shows the surface morphology of L-cysteine/chitosan
biocomposite thin film while the bottom panel shows the contours of cross-sections along the diagonal from
left to right. From the figure, a non-porous, smooth membranes phase consisting of dome shape and
homogenous. It also contains a large number of protruding microfibrils as shown in isometric view.
3.3 Optical studies
The absorbance (A) of a sample is defined by [21]:
I
A = log10 0
It

(1)

The optical absorption spectra of a filmcan be shown in a graph as a plot of the light absorbed by the film
against wavelength.The absorption maxima (λmax) in the region of the spectra can be determined from the
graph. The optical absorption spectrumof the L-cysteine/chitosan biocomposite thin film is shown in Fig. 5.
From the graph, the absorption edge is defined at 285 nm (λmax). At λmax, the composite thin film has the
absorption value of 0.381.The spectra graph showed the strong cut off at 500 nm, where the absorbance is
minimum.
Absorbance coefficient is another quantity that important in this study in order to plot energy band gap
graph. The absorbance coefficient is given as
A
(2)
α = 2.303
t
wheret is thickness of the thin film. The theory of optical absorption gives the relationship between the
absorbance coefficient, α, the energy band gap, Eg, and the photon energy, hν, for direct allowed transition
as

α=

k (hv − E g )1 / 2

hv
wherek is a constant. The rearrangement of Eq. (3) gives
(αhv) 2 = k (hv − E g )

(3)

(4)
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Eq. (4) gives the energy band gapEg, when straight portion of (αhv)2 against hv plot is extrapolated at α = 0.
Fig. 6 shows the plot of (αhv)2 as a function of hv, which gives energy band gap,Eg value of 3.972 eV.
4. Conclusion
In this study, L-cysteine/chitosan biocomposite thin film has been developed by spin coating method. The
FTIR spectrum analysis confirmedthe presence of functional groups in the biocomposite thin film. The thin
film exhibited relatively smooth and homogeneous surface as confirmed by the AFM results. The UV-Vis
spectrum showed that the absorption of the L-cysteine/chitosan biocomposite thin filmis maximum at 285
nm with energy band gap of 3.972 eV. The results also proved that the novel biocomposite thin film was
optically transparent through 200-800 nm and hence can be promoted as a promising sensing thin film for
optical sensor.
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Fig. 4 AFM image forL-cysteine/chitosan biocomposite thin film
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Fig. 5 UV-Vis spectr
trum of L-cysteine/chitosan biocomposite thin film

Fig. 6 Plot of (αhv)2 agai
ainst hvfor L-cysteine/chitosan biocomposite thin
in film
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