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ABSTRACT

Dyes are flat polyaromatic molecules that bind selectively to the clay sur-
face over awideawide pH range. Dyesare generally hydrophobic in nature
and generally adsorb in aggregates at the flat silica faces of clay mineral
which is made hydrophobic by cation exchange process. The present work
involves use of natural turmeric dyewhich is adsorbed on clay surface. The
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role of the resulting hybrid material as potential indicator is studied for the
development of biosensor. The thermal stability isstudied using DSC. Bind-
ing of clay and dye is studied using FTIR. Morphological structure of the

hybrid material is studied using SEM.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Polymer layered silicatenanocompositesareanew
classof materiaswith dimensiontypicalyinrange of
1-100 nm. Ultra fine phase dimensions of the
nanocompostes|eadsto new and improved properties
such astherma, mechanicd, flammability, barrier and
solvent resistance are significantly higher than those
achievedintraditiond filled polymerg*9,

Structureand properties of surfactantsusedinfab-
rication of organo montmorillonite could play avery
important rolein determining the propertiesof final
polymer clay nanocomposites®. If theprocessing tem-
perature is higher than the the thermal stability of
organoclay, decomposition will occur, dtering thein-
terface between filler and matrix polymer. To obtain
nanocomposi teswithout thermal degradation during
the process, use of thermally stable organoclay ispro-
posed and much research has been directed towards

the preparation of organoclaysthat arethermally stable
at high temperature”.

Dyesaregenerdly hydrophilicin natureand gener-
aly adsorbinaggregatesat theflat silicafaces of clay
minera whichismadehydrophobic by cation exchange
process. Many works have been carried out in quanti-
tative aspectsand model the adsorption behaviour of
dyemoleculestotheclay surface®. Inthe present work,
natura turmeric dye (natura yellow) isadsorbed onto
the surface of clay whereclay plateletshave beentried
to exfoliateusing anatural dispersant. The enhanced
thermal gability of thegreen materid developedisstud-
iedusing DSC.

EXPERIMENTAL

Materials

Clay usedin thisexperiment wasmainly Bikaner
Bentonite. Naturd dispersant (Soap stonepowder) was
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used to disperse clay and was obtained from natural
source. Turmeric dye which was used to adsorb on
clay surfacewas obtained from natura source. NaOH
and HCI were obtained from Glaxo Laboratory.

M ethod

A few drops of turmeric dye were added to clay
suspension (dispersed by natural dispersant and un-
treated clay), stirred for 2-3 hours, so that the dye gets
adsorbed. It wasthen centrifuged and dried at room
temperature.

Turmeric dyeasindicator was observed in pres-
ence of both acid and alkali. Thereaction wasrevers-
ible showing dark redin akainemedium (few dropsof
0.1IN NaOH) and yelow in acid medium (few drops of
0.1N HCl) whichisthe colour of the dye. When tur-
meric dyewas added to untrested clay, dark red colour
was observed which was not so intensein clay dis-
persed by natura dispersant one.

OH" Dark red

—_—
(yellow) -=———

H+

Turmeric

I nstrumentation

DSC of dyeadsorbed clay hybrid materid was per-
formed on Differential Scanning Calorimeter Perkin
Elmer DSC-7 under nitrogen atmosphereat ascan rate
of 20°C/min. SEM wastaken using Hitachi S-3400N
Japan using 3KV. IR wasdoneon Perkin EImer FTIR
spectrometer Spectrum 2000.

RESULTSAND DISCUSSION

IR analysis

Action of alkali and acid on turmeric can bein-
ferred from IR spectra. IR spectrareveal the pres-
enceof aromatic estersinturmericdyeasin Figure 1.
The group wave numbers corresponding tothisare
C=0 stretch at 1730-1715 cm, C-C-O stretch at
1310-1250 cnr?, and O-C-C stretch at 1130-1000
cm™. Presence of —CH, asymmetric peak at 2928.49
cm™ and -CH, symmetric peak at 2857.45 cm are
shown. Presence of 1sopropyl acohol isasoindicated
at 1384 cm™.
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Figurel: IR spectrum of dye
Inthe presence of acid, IR spectrum of dyeasin
Figure 2 shows asymmetric CO, stretch at 1635.85
cnr, Inorganic carbonateat 1495.01 cm™.
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Figure2: IR spectrum of dyetacid

Inthe presence of alkali, apart from asymmetric
CO, stretch and symmetric CO, stretch, presence of
1°acohol at 1053.60 cm* (C-O stretch) isobserved
asinFigure3. Thusit indicated theformation of enal.
Thusthe purpose of indicator isbeing achieved.
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Figure3: IR spectrum of dyet+ alkali

Dye adsorbed on clay dispersed by natural dis-
persant showsthefollowing changes.
Pureclay shows—-CH, asymmetric pesk a 2927.72
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cm®, -CH, symmetric peak at 2856.47 cm™, -OH
group at 3500 cn?, silanol O-H stretch at 3700-3200
cm?, Si-O-Si asymmetric stretch at 1041 cm?, Si-O
stretch at 940 cmr?, Si-O-Si symmetric stretch at
801.11 cm?, Si-O-Si bend at 468.53 cmt. When clay
istreated with naturd dispersant, Si-O stretch peak at
940 cm? islost. When dye is adsorbed on this dis-
persed clay, Si-O-Si symmetric stretchat 801.11 cm?
islost thusindi cating reaction between clay surfaceand
dyemolecule. Thishasbeen showninFigure4.

Clay (dispersed by natural
dispersant)+ dye
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Figure4: IR spectrum of clay+dye compar ed with pureclay
DSC analysis

Untreated clay with dye showed two endotherms
at 90°C and another at 150°C. For dye adsorbed on
clay dispersed by natural dispersant, moisturelosspesk
isvery nuch reduced around 90°C and another endot-
hermic peak at around 150°C. Comparing these two
with clay dispersed by natural dispersant showsonly
one endotherm at 120°C. Thusit can be said that dye
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Figure5: DSC showing compar ison between ther mal stabil-
ity of clay hybrid materialsand pureclay
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adsorbed on clay dispersed by naturd dispersantisther-
mally morestableasshowninFigure5.

Clay dispersed by natural dispersant shows en-
hanced thermal stability compared with pureclay asis
evident from Figure 6 thus giving athermally stable
organoclay.
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Figure6: DSC showingther mal stability of orgamoclay

SEM analysis

SEM micrograph of the dye adsorbed clay hybrid
materiad asshownin Figure7 showsconsiderableex-
foliation of clay platdets.

Figure7: SEM of dyeadsorbed clay Hybrid material

CONCLUSION

Natural dispersant has proved to be agood dis-
persantin exfoliating clay plate etsand producesather-
mally stable organoclay. Dye adsorbed clay hybrid
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material showsenhanced thermd stability comparedto
pureclay. Thisfunctional hybrid material can be em-
ployed in making biosensors.
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