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Abstract: Problem statement: The aim of this research is to study the opticabpprties of
crosslinked chitosan thin film with glutaraldehydesing Surface Plasmon Resonance (SPR)
technique Approach: The crosslinked chitosan is synthesized by homeges reaction of medium
molecular weight chitosan in agueous acetic acidtism with glutaraldehyde as crosslinking agent.
Four different amount of chitosan, i.e., 0.40, 0.8®0 and 0.70 g of chitosan, were dissoloveddin 5
ml acetic acid separately. Glass cover slips (astsates) were first coated with two sets of défer
thickness of gold layer. Then the amount of 0.55 afileach crosslinked chitosan solution was spin
coated onto the gold layeResults: Using developed multilayer Matlab fitting prografmatrix
method based), the experimental surface plasmamaese curves were fitted to obtain the thickness
and refractive index of crosslinked chitosan thimf The real and imaginary part of refractive irde
of crosslinked chitosan thin film are (1.540 + ®&P@nd (0.015 + 0.002), respectiveyonclusion:

The results are similar for all different thicknegshe thin films and not affected by the thicknes$
gold layer. This study is important for future rasgh on multilayer SPR sensor.

Key words: Surface plasmon resonance, crosslinked chitosaiepgidic bonds, plasmon resonance
technique, homogeneous reaction

INTRODUCTION formula CH (CH,CHO),.  Glutaraldehyde is
frequently used in biochemistry applications as an
Chitosan is a copolymer of glucosamine and N-amine-reactive homobifunctional crosslinker.
acetyl glucosamine linked b1, 4 glucosidic bonds. Surface Plasmon Resonance (SPR) spectroscopy is a
Chitosan occurs naturally in some microorganismssurface-sensitive technique that has been used to
yeast and fungi. It is a non-toxic, biocompatibleda characterize the thickness and refraction indediedéctric
biodegradable natural polymer. The commerciallymedium at noble metal surface (Yusmaveatl., 2007).
available chitosan is mostly derived by alkaline NFor the last decade, surface plasmon resonancersens
deacetylation from chitin of crustaceans becauss it have been extensively studied. SPR technique has
easily obtained from the shells of crabs, shrimpsemerged as a powerful technique for a variety of
lobsters and krill. These two low-cost natural mats  chemical and biological sensor applications. Thet fi
had been used for absorption of metal ions, dyes anchemical sensing based on SPR technique was rdporte
protein. Compared to chitin, chitosan is more &fit by Liedberget al. (1983). SPR is an optical process in
in absorption capacity due to the presence of gelar which light satisfying a resonance condition excite
number of amino groups on chitosan chain. Howevercharge-density wave propagating along the interface
chitosan is soluble in organic acid, such as acatid between a metal and dielectric material by
and formic acid (Shauet al., 2003). monochromatic and p-polarized light beam. The isitgn
Crosslinking is an important step to improve theof the reflected light is reduced at a specificidient
chemical stability of chitosan (Bhumkar and angle producing a sharp shadow (called surface
Pokharkar, 2006). One crosslinking agent,plasmon resonance) due to the resonance energy o
glutaraldehyde, is an organic compound with theccurs between the incident beam and surface plasmon
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wave (Homolaet al., 1999). SPR is regarded as a simple
optical technique for surface and interfacial stadand
shows the great potential for investigating biorooles
(Homola, 2006). SPR has been widely demonstrated a
an effective optical technique for the study of | [emssssesam
interfaces and thin films (Mendeletzal., 1997). | |

Due to the chelating ability of chitosan, we are L,{ ~g.\.' [ | ]! Hﬂ i & R
interested to investigate the optical properties of i< | P : Polarizer

Table PH: Pin hole

crosslinked chitosan film by using SPR. PH P C F PH

Compute
Lock-in amplifier

>
]

MATERIALSAND METHODS Fig. 1. Experimental setup for angle scan surface
plasmon resonance technique

Chitosan with medium molecular weight and
degree of deacetylation 75-85% was purchased from

Sigma Aldrich (St. Louis, MO, USA). Acetic acid and fneiden lnt Refleoted light
glutaraldehyde were also obtained from AldrichsPri .

with refractive index, n = 1.77861 at 632.8 nm &mel .49,

substrate, glass cover slipsX24 mm with thickness  Gusscover stip [ Index matching liguid
0.13-0.16 mm were purchased from Menzel-Glaser. Chitosan film s Gold fitm

To prepare chitosan solution, 0.40, 0.50, 0.60 and
0.70 g of chitosan were weighed separately. Theh ea Fig. 2. Arrangement of the prism and glass covigr sl
of the samples was dissolved in 50 mL 1% acetid aci for SPR measurement
in four different beakers. The samples were stifieed
24 h until all the chitosan was dissolved in acancd. glass cover slip was mounted on a rotating plate to
Then glutaraldehyde was added to the solutiondeser  cqontrol the angle of the incident light. Figure Iws

Iir)k chiFosan. The cross-link ratio of glut_araldelby the arrangement of the prism and glass cover slip f
with chitosan was about 0.13. The resulting sampleg§pr measurement (Kurihara and Suzuki, 2002).
were stirred for another 1 h. ’

The glass cover slips were cleaned using acetone t RESULTS
cleanse off the dirt or remove fingerprint markis lan

the surface of glass slides. Then they were degbsit  For the first set of thin film (coated with gold a
with gold layer using SC7640 Sputter Coater witlnFi  FTM 33), the preliminary SPR test was carried @ut f
Thickness Monitor (FTM) at 33 and 38 for two gold film contact with air (single layer) to deteima
different thicknesses of gold layers. the optical properties of gold layer, i.e., thelrpart

Spin coating technique was used to produce a thifefractive index,n; the imaginary part of refractive
layer of chitosan film on the top of the gold layer index,k; the real part of permittivity;; the imaginary
Approximately 0.55 mL of the solution was placed onpart of permittivity,s;; and the thickness, d of the thin
the glass cover slip covering the majority of theface.  film. The SPR curve was obtained and fitted as show
The glass cover slip were spun at 6000 revhfor 30 in Fig. 3. We obtained the optical properties ofdgo
sec using Spin Coating System, P-6708D. layer by using the developed Matlab fitting program

Figure 1 shows the experimental setup for SPRmatrix method). The values of refractive index,
measurement. The SPR measurement had been carrigd k, for gold layer are 0.188 and 3.201
out by measuring the reflected HE-Ne laser beamespectively; the dielectric constants,and ¢, are
(632.8 nm, 5 mW) as a function of incident angleeT 10.211 and 1.204 respectively, while the thickness,
optical set up consists of a He-Ne laser, an dpste@e  js 30.9 nm. This information is important for the
driven by a stepper motor with a resolution of @®0 fyrther fitting for multilayer.
(Newport MM 3000), a light attenuator, a polarized Then, the SPR experiment was carried out for
an optical chopper (SR 540). The reflected beam wagold/chitosan film contact with air and the SPRvesr
detected by a sensitive photodiode and then predesswere obtained and fitted as shown in Fig. 4a and 4b
by the lock-in-amplifier (SR 530). Using the multilayer Matlab fitting program, the

The coated glass cover slip was attached to thproperties of crosslinked chitosan thin film was
prism by using index matching liquid. The prismiwit  determined. The properties of gold layer obtaimedf
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Fig. 3: The SPR curve for gold film (FTM 33) in Fig.5: The SPR curve for gold film (FTM 38) in
contact with air. The solid line represents the

contact with air. The solid line represents the
theoretical curve
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Fig. 4: The SPR curve for gold/chitosan film contac Fig. 6: The SPR curve for gold/chitosan film comtac
with air: different amount of chitosan, i.e. (1) with air: different amount of chitosan, i.e. (1)
0.40g (2) 0.50g (3) 0.60 g and (4) 0.70g, in 0.40g (2) 0.50g (3) 0.60 g and (4) 0.70g, in
acetic acid coated on the same thickness of gold acetic acid coated on the same thickness of

film (FTM 33). The solid line represents the second set gold film (FTM 38). The solid line
theoretical curve represents the theoretical curve

earlier fitting, i.e., real part of refractive ind€0.188 +  four concentrations obtained and tabulated as shown
0.005), imaginary part of refractive index (3.201 +Table 1. Table 2 shows the resonance angle and the
0.002) and thickness (30.9 = 0.1) nm, was usedhig1 t shift of resonance angle for different concentratad
multilayer fitting process. From the fitting, the chitosan in acetic acid.
thickness of the crosslinked chitosan film as vaslthe The preliminary SPR test was also carried out for
real and imaginary part of refractive index aredtbr the second set of gold film (coated at FTM 38) Muhic
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Table 1: The thickness of crosslinked chitosan fiim, the real  Tgple 3. Table 4 shows the resonance angle and the

and imaginary part of refractive index for diffeten . . .
concentration of chitosan in acetic acid (for segdld shift of resonance angle for different concentratig

film) chitosan in acetic acid.
Concentration of  Thickness of Real part of
chitosan in acetic  chitosan refractive Imaginary part of DISCUSSION
acid (g) film,d (nm) indexn refractive indexk
0.40 15 1.540 0.015 .. .
050 25 1.540 0.015 The fitting result for gold layer (single layer)
0.60 31 1.540 0.014 shows a good agreement reported by Sadoetshl.
0.70 36 1.540 0.015 (1994). There is only a small difference for the

refractive index and the permittivity between theot
Table 2: The SPR resonance angle and shift of eegenangle for  thicknesses of gold layer. We believe that it dejseon
different concentration of chitosan in acetic affimt set 1 the various deposition parameters such as depositio

gold film)
Concentration of chitosan Resonance Angiein Shift of Resonance rate, vacuum pressure and substratg temperatgre as
in acetic acid (g) (degree) Angle) (degree)  reported by Bergeet al. (1992). The optical properties
0.4 39.589 2.359 for first set of gold film which is thinner goldifin have
8'2 fé'ggz g'ggz larger deviation. The very thin 30 nm) metal films
0.7 44.497 7967 are usually discontinuous, showing changes especial

in the optical permittivity and refractive indexhdse

Table 3: The thickness of crosslinked chitosan fifin, the real and ~ iINhomogeneities which lie close enough to the film
imaginary part of refractive index for different surface and known as surface roughness, opens an
concentration of chitosan in acetic acid (for sgbRl film) additional channel for the radiative decay of pIaBm

Chtosan - chitosanim,  reftactwe index, refiacine maex  eSUIting in light emission to the air side of tfken
acetic acid (g) d (nm) (Hoffmannet al., 1996).

0.40 14 1.540 0.015 From the results, we found that the refractiveeind
8-28 gg 1-218 g-gig of crosslinked chitosan thin film for both thickses of
070 36 1540 0015 gold layer and all concentrations of chitosan milsir,

i.e., real part (1.540 £ 0.005) and imaginary gar®15
Table 4: The SPR resonance angle and shift of semenangle for  + 0-002). Hence we proved that the refractive indéx
different concentration of chitosan in acetic affitt set 2 the crosslinked chitosan thin film is not dependorg
gold film) the thickness of the thin film formed. Also, the
_Concentrati_on of chitosan Resonance Anglg,  Shift of Resonance  thickness of the gold film is not affected the Oﬂli
in acetic acid () (degree) Angitd (degree) - hroperties of crosslinked chitosan thin film.

0.4 38.093 1.762 .

05 39677 3.346 From Fig. 4 and 6, we observed that the resonance
0.6 41.218 4.887 angle shifted more to right as amount of chitosan i
07 42.732 6.401 acetic acid increased. It means the resonance angle

increased as the thickness of the chitosan thim fil

contact with air to determine the properties ofdgol Increased. On the other hand, the width and
layer. The SPR curve was obtained and fitted as/isho asymmetry of the rgflecnwty dip increase W'th the

in Fig. 5. Also using the developed Matlab fitting ﬁgmgw;rstnf?).llo-\r/\?eed S}'/pcupr:/%dgcgdaneg 4curve 1is the
program, the optical properties, k, &, ande;, for gold ' )

layer are obtained; i.e., 0.190, 3.305, -10.887 K286 CONCLUSION

respectively; while d of the gold layer is 47.3 nm.

Then, the SPR experiment was carried out for |, this study, the optical properties of crosstidk
gold/chitosan film contact with air and the SPRv&S  chjtosan thin film with glutaraldehyde have been
were obtained as shown in Fig. 6a and 6b. The abptic gptained using surface plasmon resonance technique.
properties of gold layer obtained from earlierifit,. ~ The resonance angle shifted to higher values toigihe
i.e.,n (0.190 + 0.005)k (3.305 + 0.002) and (47.3 =  with the increasing of the concentration of chitosa
0.1) nm, was used for multilayer fitting to chaerize  acetic acid. It means the change of resonance &hgjje
chitosan film. From the fitting, the thickness dfet increased as the thickness of the chitosan film
crosslinked chitosan thin film and also the reatl an increased. However, the optical properties of daito
imaginary part of refractive index are for all four film are not affected by the thickness of the filfthe
concentrations obtained and tabulated as shown irefractive index of crosslinked chitosan thin fifor all

64



Am. J. Engg. & Applied i, 4 (1): 61-65, 2011

thickness is n (1.540 + 0.005) and k (0.015 + 0)002 Kurihara, K. and K. Suzuki, 2002. Theoretical
The thin film with concentration 0.40 g chitosan in  understanding of an absorption-based surface

acetic acid coated on second set of gold film (rRB0 Plasmon resonance sensor based on Kretchmann's
shows the best SPR curve with narrowest and lowest theory. Anal. Chem., 74: 696-701. DOI:
reflectivity dip. This information will be used iour 10.1021/ac010820
future research for SPR optical sensor. Liedberg, B., C. Nylander and I|. Lundstrom, 1983.
Surface plasmon resonance for gas detection and
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