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ABSTRACT

The research on biopolymers and its derivatives has increased much attention towards the researchersin preparing
a novel material. The biopolymers and its derivatives have vast applications due to its biodegradability, non toxicity
and biocompatibility. The present study aimed to synthesis and characterizes novel chitosan Schiff base compounds
using vanillin and O-vanillin. The prepared compounds were characterized under advanced analytical tools such as
Fourier transform infrared spectroscopy (FTIR), X-ray diffraction studies (XRD), Thermal analysis (TGA and DSC)
and SEM analysis. The results of FT-IR studies clearly indicate that chitosan Schiff base complex were effectively
formed during blending. From the results of the XRD pattern, the change in crystallinity of the samples was
elucidated. The thermal stability of the polymer complex was determined from the TGA and DSC studies. The SEM
images showed the increased porosity of the chitosan derivatives.

INTRODUCTION

Schiff base compounds containing an imine groupuatally formed by the condensation of a primarynenwith
an active carbonyl. Its attractiveness as analytezgent rises from the fact that they enable Erapd inexpensive
determinations of various organic and inorganicssaices [1]. Also they have better physiologicdividies and
applications in antibacterial and antiviral fieldsnong the substituted biopolymers, particularlyaveorthy are the
Schiff bases obtained by the reactions of the &raéo groups of chitosan with an active carbonyhpound such
as aldehyde or ketone [2]. Santos et al.,[3] hawesdtigated not only Schiff base reaction with a$din and
salicylaldehyde, but also the degree of substitutibchitosan Schiff base usifig NMR.

These bases offer an efficient approach to prdtextC-2 amino groups [4] or to coordinate with rhébas for
enhancing the adsorption / complexation propedfabe biopolymer yielding a complexing materiatiwpotential
analytical and environmental applications [5]. TBehiff base reaction between amine groups and wdigegroups
increases the stability of the biopolymer [6].

The extension of Schiff base formation is calledrde of substiutution (DS). It is the number okfeemino groups
in relation to the Schiff bases on the substitliggolymeric matrix. This is an important parameteat plays an
important role in the application of Schiff bases.

Several chitosan Schiff base derivatives have lbeparted in literature. Thermal analysis of somitgoslan Schiff
bases was studied by Tirkistani [7], where the treaaf chitosan with aromatic aldehydes was stildiéhe main
thermal process of the prepared polymer takes pddemperatures lower than the second degradatagye of
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chitosan indicating that all the Schiff base polysnare less stable than chitosan. It seems thanshabilities of the
Schiff base polymers compared with chitosan are tduthe absence of the free amino group in the grezb
polymers as they are replaced by the aromatic gtheh

Vanillin (chemical name: 3-methoxy-4-hydroxy bermdgtilyde) is one of the most widely used flavoringgoiod,

pharmaceuticals and daily chemicals [8]. Naturalillia is produced by bioconversion or physical hwts from
natural materials. Even if vanillin occurs in trammounts in different plants, the pods of the wapVanilla orchid

still remain the only commercial source of natwahillin. However, as a comparison, a hypothetmalduction of
pure natural vanillin extracted from pods woulddéda a cost variously calculated as being betwe&® land 4000
US$ kg*, whereas, the price of the vanillin obtained bgroital synthesis is less than 15 US$'§§,10].

Currently, approximately 50% of the worldwide protlan of synthetic vanillin is used as an internagelifor the
production of herbicides, antifoaming agents orgdr{L1, 12]. Besides, it is also used in housepotdiucts, such
as air-fresheners and floor polishes [13]. Becafsiés antioxidant and antimicrobial propertiesnidén could be
used as food preservative [14, 15]

The scope of this study is the development of nehifSbases. In the present work, bio- polymerihiBchases
were prepared by reacting chitosan with benzaldetaydd its three derivatives, 4-methoxy, 4-methyl drchloro
and salicylaldehyde under mild acidic conditionsieTuncrosslinked derivatives were characterizedFBiR
spectroscopy, TGA, DSC, XRD and SEM and tested tdsvthe cell uptake. The uncrosslinked chitosarnfSohase
derivatives were studied for their antimicrobialiates.

MATERIALS AND METHODS

Materials

Chitosan was purchased from India Sea foods, Co#grala. O-Vanillin and Vanillin from Sigma Aldti¢ India
and all other chemicals used are of analytical gradillipore water was prepared in the laboratogy double
distillation of deionised water in quartz distiltat plant.

Fourier transform infrared studies
Fourier transform infrared spectra of chitosan Bdiase derivatives using KBR pellet method we@rded in the
frequency range of 400 — 4000 ¢msing Thermo Nicolet AVATAR 330 spectrophotometer.

X —ray diffraction studies

X — ray diffractograms of samples were obtainddgian X — ray powder diffractometer (XRD — SHIMADZXD
— D1) with Ni — filter and Cu K radiation source. The relative intensity was rdedrin the scattering rangé,2
varying from 10° to 90°.

Thermogravimetric analysis

Thermogravimetric analysis of the chitosan Schi$d derivatives was conducted using the instrur@&m Q600
V8.0 Build 95, to measure their weight loss atefint temperatures in the heating range 20° - 858t °a heating
rate of 20 °C per minute.

Differential scanning calorimetric analysis

The thermal behavior of the chitosan Schiff basévd#ves was studied using NET 2 SCH DSC thernmalyzer.
The samples were inserted into the Al pan and D&®D svas made from 30°-300°C in nitrogen atmosphtee
heating rate of 20°C per minute. The results wecended and analyzed.

Scanning Electron Microscopy (SEM)

The surface morphology and cross section morpholafgghitosan Schiff base derivatives were obsenwiti
scanning electron microscopy to verify the comphittyoof the mixtures of chitosan Schiff base datives. To
analyze the samples, the films were cut into piefesrious sizes and wiped with a thin gold — @dilim layer by
a sputter coater unit (UG — microtech, UCK fieldkk) and the cross section topography was analyzihd w
Cambridge Stereoscan 440 Scanning Electron Micpesficeica, Cambridge UK).
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RESULTS AND DISCUSSION

FTIR studies

Infrared (IR) spectroscopy is based on the abswrptf IR-radiation in the chemical bonds, if thénation of the
bond is associated with change of permanent dipoleent (e.g. stretching, bending). FTIR has ofteerbused as
a useful tool in determining specific functionabgps or chemical bonds that exist in a materiak presence of a
peak at a specific wave number would indicate tlesgnce of a specific chemical bond. The FTIR speutt all
prepared derivatives showed the characteristicpasakliscussed below.
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Figure- 1. FTIR spectrum of chitosan/o-vanillin

The FT-IR spectral details ghitosan/o-vanillin Schiff basewas represented in tligure-1. The absorption peak
observed at 3446.13¢hcorresponds to the intermolecular hydrogen bon@ét stretching, NH stretching in
secondary amides. The peak obtained at 2883.2bamd 1627.29 cthconfirms the presence of symmetric CH
stretching in methylene group and C=0 stretchingrmdes (amide-I band) respectively. Certain aligmrpands
which were obtained at 1540.71 ¢ntorresponds to the N-H bending in secondary asnfdmide Il band), and at
1461.55, 896.16 cthOH in-plane bending seen, and symmetrical C-Hibenin CH; at 1151.29 ci, a peak at
1053.45 crit corresponds to C-O-C linkage and 1245.98"@¥O stretching and at 779.15 ¢nC-H bending is
seen respectively.

The FT-IR spectra athitosan/vanillin Schiff basewas represented in tiigure-2. The absorption peak observed
at 3363.72cm corresponds to the intermolecular hydrogen bon@et stretching, NH stretching in secondary
amides. The peak obtained at 2922.79'@nd 1645.06cth confirms the presence of aliphatic CH stretching i
methylene group and C=0 stretching in amides (athiaknd) respectively. Certain absorption bandsctvhiere
obtained at 1587.76 chcorresponds to the N-H bending in secondary amidesde Il band), and at 1457.81,
864.5 cm' OH in-plane bending seen, and symmetrical C-H menih CH; at 1151 crit, a peak at 1017.38 ¢
corresponds to C-O-C linkage and 1274.78'cr-O stretching and at 781.15 ¢nC-H bending is seen
respectively.

Thus the FTIR results clearly shows the interactidiich was formed between chitosan matrix and tehsydes.
The formation of new imine linkages was confirmadthe peak at the range of 1627 and 1645 ¢on both the
blends. Also the shifted in peaks were observethénblends when compared with the FTIR of pureosiaih
confirming the formation of chitosan Schiff bases.
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Figure- 2: FTIR spectrum of chitosan/vanillin

Thermogravimetric Analysis (TGA)

Thermogravimetric Analysis (TGA) measures the amicamd rate of change in the weight of a materialaas
function of temperature or time in a controlled agphere. TGA is a useful technique to assess #rti stability
of polymer and its blends. It is an important tdghe in which the mass of the substance is measagedfunction
of temperature, while the substance is subjectemnirolled temperature programme. In any polymmedysis, the
TG trace follows a relatively simple pattern. Thhe sample weight decreases slowly as the reabtgins, then
decreases rapidly over a corresponding narrow testyre range and finally comes to a minimum asréaetants
are spent.
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Figure- 3: TGA thermogram of chitosan/o-vanillin Schiff base
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Figure- 4: TGA thermogram of chitosan/vanillin Schif base

Figure 3 represent the TGA thermogram of chitosan/o-vanlohiff base. From the thermogram it is evident tha
90% of the sample disintegrated within 4T0At the end of the experiment around 0.005219%ktedf the residue
was left. Maximum weight loss occurred at 309- 382C. Figure 4 represent the TGA thermogram of
chitosan/vanillin Schiff base. From the thermogiiais evident that 40% of the sample disintegratethin 460°C.

At the end of the experiment around 56.2%ight of the residue was left. Therefore the ddto derivative
chitosan/vanillin Schiff base was found to havehhigermal stability.

Differential Scanning Calorimetry

DSC helps in finding the glass transition tempe®atf polymers, polymer blends and polymer compgssiGlass
transition temperature (Tg) was taken as the mittpoi the heat capacity change, while the meltiengpgerature
(Tm) and crystallization temperature (Tc) were takes the maximum of endothermic peak and the miminofi
exothermic peak, respectively [17].
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Figure — 5: DSC Thermal Studies of chitosan/o-valiin Schiff base

The DSC thermogram of chitosan/O-Vanillin Schiffsbavas represented ifigure-5. It showed only one
endothermic peak @) at 46.01°C showing the crystallization of the icbase derivative. The glass transition
temperature (J) of the blend was observed at 200°C and the ewwmibepeak (T) at 335.61°CFigure 6
represents the DSC thermogram abiitosan/vanillin Schiff base. It showed only onedethermic peak () at
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95.82°C showing the crystallization. The glassditon temperature ¢J of the blend was observed at 220°C and
the exothermic peak (I at 362.20°C. The single Tg of both the Schifféderivatives represents good miscibility
and compatability.
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Figure — 6: DSC Thermogram of chitosan/vanillin 8hiff base

X — Ray Diffraction Studies

The X-ray diffraction (XRD) analysis is a usefubtdn determining the structure and crystallizatimihpolymer
matrices [18]. Powder X-ray diffraction patternisvarious samples were measured to investigatechiaage of
crystalline nature of chitin after blending. Thisshbeen proved to be a useful tool to study crystiice
arrangements and yields very useful informatiomegree of sample crystallinity.
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Figure- 7:  XRD of chitosan/o-vanillin Schiff base
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Figure- 8: XRD of chitosan/vanillin Schiff base
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X-ray diffractogram of chitosan had a semi crygtallstate with two main diffraction peaks at 108 &0°. The
weak diffraction peak centered at diffraction anglel0° and sharp diffraction peak at 20° are indieatf high
degree of crystalline morphology of chitosan [19)].2The X-ray diffractogram of chitosan/O-vanilliand
chitosan/vanillin Schiff bases showed that the taliegraphic peaks around-20°, 20° of chitosan was shifted to
higher value 20° and 30° (Figures — 7 and 8) calelthe strong interaction occurred between chitasah
aldehyde.

Also the higher semi crystalline nature of the dlevhich was indicated by broad amorphous peak atitig that
there was a molecular miscibility and an interatti@tween chitosan, O-vanillin and vanillin.

Scanning Electron Microscopy

The surface morphology and cross sectional morpgjyobd chitosan Schiff bases of O-vanillin and vimi(Figure
9 and 10) are characterized by SEM. The SEM imagesved a microporous and fibrous structure. Theeeteg
interactions between chitosan matrix and aldehyde well exposed through hydrogen bonding and thedtion
of imine linkage which make the Schiff base derixeg stable with many hydrophilic sites at the acef The cross
sectional morphology of the same showed the fiteraction with pores and microvoids. The poresediective in
increasing the functional surface in the Schiffdsaahich enabled the same to be used promisingialate

Figure 10: SEM images of chitosan/vanillin Schiff Bse a) Surface morphology b) Crosssectional morpragy
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CONCLUSION

The biopolymer chitosan with its wide range of aggtion was used as a promising material in thenkidical field.
By modifying its properties by forming Schiff baderivatives with o-vanillin and vanillin, it plays vital role. The
characterization of the chitosan Schiff bases veased out. Some of the characterization procedingade FTIR,
TGA, DSC, XRD and SEM analyses. From the aboveyara| it was found that chitosan Schiff bases leen
formed well with modified thermal and crystallineoperties.

REFERENCES

[1] Z. Cimerman, N. Galic, B. BosnerAnalytical Chimica Acta, 1997,343, 145-153.

[2] K. Kurita, S. Mori, Y. Nishiyama, M. Harat&olym. Bull., 2002,48, 159-166.

[3] J. E. Santos, E. R. Dockal, E. T. G. Cavalhelarbohydrate Polymer, 2005,60, 277-282.

[4] Luciana Simionatto Guinesi, Elder Tadeu Gontsyalheiro Carbohyd. Polym., 2006,65, 557-561.

[5] T. Becker, M. Schlaak, H. Strasdd®gactive and functional polymers, 2000,44, 289-298.

[6] G. I. Rorrer, T. Y. Hsien, J. D. Waknd. Eng. Chem. Res.,1993,32, 2170-8.

[7] F. A. A. Tirkistani,Polymer Degradation and Stability, 1998,61(1),161-164.

[8] A. Muheim, B. Muller, T. M™ unch, M. Wetli, Miobiological process for producing vanillin by S8etonii
ATCC39116, US 6,235,507 B2@01).

[9] S. Serra, C. Fuganti, E. BrenAaends Biotechnol, 2005,23(4), 193-198.

[10] J. Oddou, C. Stentelaire, L. Lesage-MeessenAsther, B. Colonna Ceccaldi?dppl. Microbiol.Biotechnol.,
1999,53(1), 1-6.

[11] H. Priefert, J. Rabenhorst, A. Steinb uclgipl. Microbiol. Biotechnol., 2001,56 (3/4), 296—314.

[12] M. B. Hocking,J. Chem. Educ., 1997,74(9), 1055-1059.

[13] N. J. Walton, M. J. Mayer, A. Narbaghytochemistry, 2003,63(5), 505-515.

[14] J. Burri, M. Graf, P. Lambelet, J. L"oligek,Sci. Food Agric., 1989,48(1), 49-56.

[15] P.M. Davidson, A.S. Naidu, In: A.S. Naidu (EdNatural Food Antimicrobial Systems (CRC Pres£l.Boca
Raton/London/New York/Washington, D@000 265-294.

[16] G.W. GouldJ. Food Prot., 1996,59(Suppl.), 82—86.

[17] Sixun Zheng, Jinyu Huang, Yongcan Li and Qip&uo, John Wiley & Sons, Int996,1383 — 1392.

[18] Mohammad Saleem Khan, Uzma Khalil, Gulfam Nad#ak Mater Soc., 2009,3(1), 22-26.

[19]K. Ogawa, T. Yui, K. Okuyama, Internationklurnal of Biological Macromolecules, 2004 34, pp.1-8.
[20]Santhosh Kumar, Joydep Dutta, P.K. Dulitéer national journal of Biological macromolecules, 2009 45, 330-
337.

97
Scholar Research Library



