




























































































































































































































































































































































































119

Cyclohexylbenzoate

@ioO

Appearance: Colorless liquid

Elemental analysis (%) (Calculated for Molecular formula C3H;¢0,): C = 76.0(76.44), H
=8.0(7.9), O = 15.4(15.67)

FTIR (KBr vpmax (cm‘l)): 1110(aryl-C-O-C cyclic), 1290 (C-O str. cyclic), 1715(C=0)

5.2.7.3 Gas Chromatography conditions for esterification products
Column Capillary 30M,
Oven Temperature Initia! 80°C (5 min), Rate: 5°C/min,

Final temperature: 200°C,

Injector 130°C

Detector FID, 200°C, Hy/Air- 1.40/ 15.46Kg/cm2
(20/220 psi)

Carrier flow (N,) 1.21Kg/cm? (17.2 psi)

Clay Catalysed Vapour Phase Reactions
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CHAPTER VI

MICROWAVE ASSISTED CLAY CATALYSED REACTIONS
Conspectus

In this chapter the activity of catalysts are examined for the microwave
mediated organic reactions. Clay catalysed esterification and oxidation of
alcohols using chromium trioxide were carried out. Products were characterized
by standard methods. Microwave oven of domestic type was employed for the

purpose.
6.1 Microwave assisted organic reactions — An overview

Microwave, a nonionizing radiation incapable of breaking bonds, is a form of
energy and is manifested as heat through the interaction with the medium or materials
wherein it can be reflected (metals), transmitted (good insulators that will not get heated)
or absorbed (decreasing the available microwave energy and rapidly heating the sample).
Microwave (MW) irradiation, an unconventional energy source, has been used for a
variety of applications including organic synthesis wherein chemical reactions are
accelerated because of selective absorption of MW energy by polar molecules, nonpolar
molecules being inert to the MW dielectric loss'.

Dielectric loss 1s the amount of electromagnetic energy absorbed by molecules. Its
origin is in how microwave energy is obstructed by matter (dielectric constant) and how
energy is dissipated in the sample. Molecular dipoles are normally randomly orientated,
but they orientate themselves according to the external electric field. For small non-
associated molecules (molecular weight < few hundred, no hydrogen bonding) dielectric
relaxation times are so short that they follow the external electric field of microwaves and
do not heat. Small associated and large molecules (dipoles) have such long relaxation

times that they do not have time to orient themselves and thus the rapidly changing

Microwave Assisted Clay Catalysed Reactions



123

electric field causes heating when dipoles hit each other when some are relaxing and

some are excited again as shown in figure 1.

AR A
4 \ 7 \ f/ \ e fe\,
M;crm&-‘a\‘es A w A

Figure 1: Microwave induced dipole rotation

The common way to explain the microwave heating effect is when a reaction is
done in a polar microwave absorbing solvent. There is no microwave effect since the
solvent absorbs most of the microwave energy and there is no additional energy going to
the reactants. So, no matter what kind of reaction is done, no rate enhancement is
detected due the microwave effect. Sometimes, however, it has been reported that rate
enhancement was detected. Usually rate enhancements can be explained by the
superheating of the solvent. It is possible to achieve 10-15 °C higher boiling points in
polar solvents when they are heated with microwaves compared to conventional heating’.

The first publication on the use of microwaves in assisting organic reactions is the
modification of starch which came in 1974. According to most publications, the first
reaction to use microwave heating have been carned out in 1986°. It took some time
before microwave heating was widely accepted in organic synthesis, maybe due to the
non-reproducible results of the domestic microwave oven. After microwave reactors were
developed specially for organic chemistry (pressure, temperature and power can be
precisely measured and adjusted), microwave heating has reached ever-growing
popularity, especially in pharmaceutical industry. Over the last decade, microwaves have
been intensively used in organic chemistry as a heating method, mainly because it is fast.
There are many excellent reviews on different applications where microwaves can be

4
used”.
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The application of microwave irradiation in conjunction with the use of catalysts
or mineral-supported reagents, under solvent-free conditions, enables organic reactions to
occur expeditiously at ambient pressures’”, thus providing unique chemical processes
with special attributes such as enhanced reaction rates, higher yields, and the associated
ease of manipulation. Heterogeneous reactions facilitated by supported reagents on
inorganic oxide surfaces have received attention in recent years.12 Selective and easy
synthesis of acylals (R-C(OOCR),) in dry media using montmorillonite K10 clay in an
Erlenmeyer flask under microwave activation in remarkably reduced reaction time was
described.'? The reaction of primary and secondary amines with epoxides in the presence
of montmorillonite K10 clay, under solvent free conditions and microwave irradiation
affords high yields of B-amino alcohols. Ring opening of epoxides with primary and
secondary amines can be achieved within 1 minute under environmentally friendly
solvent-free conditions under microwave irradiation in the presence of montmorillonite
K10 clay as solid support. These organic reactions are safe and take place more rapidly
and with higher yields compared to conventional heating'”.

The synthesis and characterization of aluminium-pillared rectorite was studied.
The synthesis was conducted with both conventional heating and microwave irradiation.
Microwave irradiation was found to enhance the intercalation and ion-exchange during
synthesis, and to be able to produce the rectorite with a larger dOO1 and a better
uniformity. The aluminium-pillared rectorite showed a high specific surface area, good
thermal and hydrothermal stability, and showed promising applications as catalyst
carriers and adsorbents for waste treatment. MW-expedited approach was described for
the synthesis of a variety of industrially significant compounds and intermediates,
namely, imines, enamines, enones, nitroalkenes, oxidized sulfur species, and
heterocycles. This methodology is exemplified by a concise synthesis of flavones,
tetrahydroquinolines, 2-aroylbenzofurans, and thiazole derivatives and demonstrates the
exploitation of in situ generated reactive intermediates in one-pot synthesis of
heterocyclic compounds. The adaptability of the protocols to rapid and parallel synthesis

in solvent-free multicomponent reactions is demonstrated in the assembly of imidazo[1,2-
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aJannulated pyridines, pyrazines, and pyrimidines (Ugi reaction) and dihydropyrimidine-

2(1H)-ones (Biginelli reaction) 13

Montmorillonite KSF and K10 clays catalyzed effectively the reaction of methyl
diazoacetate with various aldehydes using microwave irradiation under solvent-free
conditions affording the corresponding fi-keto esters in good yields and short reaction
time'®. This method is an improvement for the previous known synthetic methods and has
many obvious advantages compared to them including the high efficiency, generality,
high yields, operational simplicity, environmental benignity, and possibility of recycling
the natural solid clays. The new method for the formation of acylals, without any solvent
under microwave irradiation, offers significant improvements over the existing
procedures and constitutes a useful and important addition to the present methodologies.
The main advantages are mild reaction conditions, reduced reaction time, lack of side-

preducts and excellent yields.
6.2.1 Esterification reaction under microwave irradiation

Catalytic esterification reaction by conventional methods is well known. However
esterification reactions are characterized by low rate, which in turn requires large reactor
size, large volume of reactants, difficulty in processing reactants and products thereby
increasing manufacturing costs. Traditional esterification processes have reached their
optimum performance; on the other hand due to various applications of esters the demand
for the same is increasing every day. Studies on esterification using Microwave
Technology can be conducted more easily, rapidly and efficiently to give esterification
product with good yield and purity. Reactions which benefit more from the presence of
microwaves are obviously those which have low rates under traditional conditions.
Microwave irradiation is definitely a different and non-traditional, safe, inexpensive
approach towards the synthesis of esters which can bring revolution in ester
manufacturing industry. The effect of microwaves on chemical reactions is evaluated by

comparing the time needed to obtain a given yield of the final product with respect to
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traditional heating. For evaluating the benefit of microwave power, the effect of above
mentioned reaction parameters were also studied using same catalysts by traditional
methods. It was seen that excellent results were obtained in the presence of microwave
radiation. Studies were conducted using modified microwave ovens. Acid-catalyzed
esterification of benzoic acid with ethanol was investigated in a continuous tubular flow reactor
heated by microwaves'’. The microwave reactor was operated at medium pressure and high
temperature conditions. Esterification was catalyzed with sulfuric acid and with ion exchange
resins. Kinetic parameters of esterification were determined in a stirred glass vessel using
conventional heating. A mathematical model was proposed to describe temperature profiles and
to predict the conversion of the reactant in the tubular flow microwave reactor. The calculated
conversions of benzoic acid based on predicted temperature profiles agreed with experimental
data. The operating conditions in the microwave reactor allowed to achieve high conversions at

relatively low residence times.
6.2.1 Results and discussion

In this study, the prepared catalysts were used for esterification reaction. The
efficiency of the catalysts in both conventional heating and microwave heating is
compared. The conventional heating involved heating the reaction mixture with the
refluxing vessel. The microwave heating is employed using the house hold microwave

oven (LG model 192W).. The reaction is shown as scheme 1.

OH OR,

MW, 360W, 5min

Scheme 1: Esterification reaction under microwave condition
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Preparation of ethyl benzoate was taken as the reference reaction. The acid-catalyzed
esterification of benzoic acid with ethanol using the prepared catalysts was carried out.
The yields obtained from both conventional heating and under the influence of

microwave are presented in table 1.

Table 1. Preparation of ethylbenzoate under conventional heating and microwave

heating
SI.No | catalysts Conventional yield (%) | MW yield (%)*
1 A 3 40
2 B 12 67
3 C 16 76
4 D 17 79
5 E 18 82
6 F 26 91
7 G 31 95
8 KSF 27 90
9 K10 29 92

*Reaction conditions: catalyst amount-0.5g, time-5 min, 360W

The esterification of benzoic acid was carried out under reflux using magnetic
stirring. This reaction was conducted for 6h which gave the best yield at 31% with iron
impregnated catalyst (G). Likewise other prepared catalysts along with the standard clays
gave comparatively low yield. The variation of yield obtained by other catalysts is
shown in the table 1. The product obtained using iron impregnated catalyst was found to
be in good yield with both in conventional heating and under the influence of microwave.
Preparation of five varieties of esters such as Ethylbenzoate, Methylbenzoate,

Ethylsalicylate, Methylsalicylate and Cyclohexylbenzoate were carried out using the iron
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impregnated catalyst under the microwave condition. The results are shown in the table 2.

The products were checked for yield using Gas chromatographic methods, purified and

characterized using standard methods.

Table 2: Comparison of yield of esters prepared using iron impregnated catalyst

SI. No | Reactantl Reactantll/ Product Yield (%)*
Solvent
1 ©/COOH O 95
OC,H
C2H50H ©)J\ 2115
2 COOH CH5;0H O 94
©/ ©)‘\OCH3
3 OH C,HsOH OH O 88
@COOH ©/“\002H5
4 OH CH3;0H OH O 87
O Y
©/“\O

*Reaction conditions: catalyst amount-0.5g, time-5 min, 360W
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The results presented in the Table 2, have shown that esterification reaction can
be carried out using iron impregnated catalyst. The products obtained were in good yield.
6.2.1.1 Recycling of the catalysts

Recycling study of the iron impregnated catalyst was carried out for the ethyl
benzoate preparation. The catalyst from the reaction media was purified using hot water
and acetone. The catalyst was dried in an air oven and subjected to calcination at 250°C
for 1h. The cycle was repeated for further studies and the results obtained are shown in
table 3.

Table 3: Recycling study of selected catalyst G

Catalyst Product Yield obtained (%)*
First cycle Second cycle | Third cycle
Iron Ethyl benzoate | 95 93 50
impregnated
{ clay (G)

*Reaction conditions: catalyst amount-0.5g, time-5 min, 360W
Even after the completion of three cycles the catalyst was found to have very

good activity and is shown as a stable one.

6.2.2 Experimental

6.2.2.1Classical esterification reaction

Benzoic acid, (1.22g, 10mmol), was taken with catalyst (2.0g) and ethanol(25mL)
was refluxed under anhydrous condition for 6h. The reaction temperature was maintained
at the boiling point of ethanol. The reaction mixture was cooled and the yield was

checked with gas chromatographic methods.
6.2.2.2 Procedure for MW assisted esterification reaction

Acid (Immol), dry alcohol (3mL) and the catalyst (0.5g) were mixed in a glass

tube with a loosely held stopper. The reaction was performed in the microwave oven at
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an engaged power of 360 W in an alumina bath and reaction time of 5 min. The reaction
was followed by TLC (benzene: ethyl acetate 18:2) at one-minute time intervals. The
alcohol was removed using a vacuum evaporator. The product obtained was dissolved in
ether (10 ml) and extracted with aqueous solution of sodium bicarbonate. The ether
extract was washed with water and dried over anhydrous Na,SO,. Evaporation of ether

gave crude ester of benzoic acid'®.

6.2.2.3 Characterization studies of the products obtained

Yield was calculated using Gas-chromatographic method and the characterization

was done using physical constants CHN analysis and IR spectral values.

Ethyl benzoate

O

@AKOCZHS

Appearance: Colorless liquid
B.P (°C) (Literature value is in parenthesis): 215 (211-213)

Elemental analysis (%) (Calculated for Molecular formula CoH,30,): C = 72.3(71.98), H
=6.5(6.71), 0 = 21.7(21.31)

FTIR (KBt Via, (cm™)): 1025 (C-O-C), 1720(C=0)

Methyl benzoate

O

©/‘kocr|3

Appearance: Colorless liquid
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B.P (°C) (Literature value is in parenthesis): 200 (199.6)

Elemental analysis (%) (Calculated for Molecular formula CgHgO,): C =71.2 (70.57), H=
5.8(5.92), O =23.0(23.5)

FTIR (KBr vinax (cm™)): 1290 (C-0-C), 1710 (C=0)
Ethyl salicylate

OH O
OC,Hs

Appearance: Colorless liquid
B.P (°C) (Literature value is in parenthesis): 231 (231-234)

Elemental analysis (%) (Calculated for Molecular formula CoH,003): C = 66.0(65.05), H
=5.8(6.07), O =29.2(28.88)

FTIR (KBr Vimae (cm™)): 1212 (C-0-C), 1725 (C=0), 3300 (-OH)
Methyl salicylate

OH O
OCH,

B.P (°C) (Literature value is in parenthesis): 222 (220-224)
Appearance: Colorless liquid

Elemental analysis (%) (Calculated for Molecular formula CgHgO3): C = 62.2, (63.15), H
=5.3(5.3), 0 = 31.6(31.55)

FTIR (KBr Vima (cm™)): 1709(C=0), 3225(-OH)
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Cyclohexylbenzoate
2,
O

Appearance: Colorless liquid

Elemental analysis (%) (Calculated for Molecular formula Ci3H;60;): C = 76.0(76.44), H
=8.0(7.9), 0 = 15.4(15.67)

FTIR (KBr vy (cm")): 1110(aryl-C-O-C cyclic), 1290 (C-O str. cyclic), 1715(C=0)
6.3 Microwave assisted clay catalysed oxidation of alcohols

Reactions under dry conditions were originally developed in the late 1980s."
Synthesis without solvents under microwave irradiation offers several advantages.”® The
absence of solvent reduces the risk of hazardous explosion when the reaction takes place
in a closed vessel in an oven. Moreover, aprotic dipolar solvents with high boiling points
are expensive and are difficult to remove from reaction mixtures. During microwave
induction of reactions under dry conditions, the reactants adsorbed on the surface of
alumina, silica gel, clay, zeolites or similar material absorb the microwaves whereas the
support does not, nor does it restrict their transmission. Consequently, such supported
reagents efficiently induce reactions under safe and simple conditions with domestic
microwave ovens instead of specialized commercial microwave systems that require
sealed Teflon bombs can be used. The oxidation of alcohols to carbonyl compounds is an
important transformation in organic chemistry which is attracting much current interest.”!
Although a large number of reagents are known in the literature for such a
transformation, there still appears a need either to improve the existing oxidation methods
or to introduce newer reagents to permit better selectivity under mild conditions and with

easy work up procedures
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6.3.1 Results and discussion

Oxidation of benzaldehyde was taken as the reference reaction to study the
oxidation of alcohols. Two equivalents of Chromium trioxide and a weight equivalent of
prepared catalyst per mol of benzyl alcohol were used and subjected to microwave
irradiation for 1min. The catalysts were tested for the catalytic activity of the alcohol
oxidation reaction and the results obtained are shown in table 4. The scheme of the

reaction is shown in scheme 2.

R R

\C HOH Modified kaolin, CrO, o
/ MW, 600W, 1min

R’ R’

Scheme 2: Oxidation of alcohol under microwave conditions

Table 4: Comparison of activity of the catalysts for the oxidation of benzyl alcohol

SI.No | Catalyst Yield (%)*
1 A 39
2 B 65
3 C 78
4 D 80
5 E 85
6 F 93
7 G 96
8 KSF 92
9 K10 94

*Reaction conditions: catalyst amount-1.0g, time-5 min, 600W
It can be inferred that the iron impregnated catalyst shows good yield when compared

with other prepared and standard catalysts. To ascertain the superior nature of the
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catalyst, other carbonyl compounds such as Benzaldehyde, Cyclohexanone, Benzil and

4,4’-dimethoxy benzil were prepared using different alcohols. The reactants used and

the products obtained along with yield are shown in table 5.

Table 5: Oxidation of alcohols using iron impregnated catalyst (G)

S1.No | Reagent Product Yield
(%)*
1 EOH ©/CHO 96
e of '
3 AT
HO O ©
4 HyCO OCH; 92
;—; HaCO
HO 0

*Reaction conditions: catalyst amount-1.0g, time-5 min, 600W

6.3.1.2 Recycling of the catalyst

Since the activity of the iron impregnated catalyst is higher when compared with

other catalysts, it was decided to do recyclability studies with this catalyst. The used

catalyst was washed with water and acetone and dried. The catalyst was calcined at

250°C for 1h. This reactivated catalyst was used for the recyclability studies. The results

are shown in table 6. Oxidation of benzyl alcohol was taken as the reference reaction.
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Table 6: Recycling of the catalysts (G)

Catalyst product Yield (%)*

First cycle Second cycle Third cycle
Iron Benzaldehyde 96 93 91
impregnated
catalysts (G)

*Reaction conditions: catalyst amount-1.0g, time-5 min, 600W

The activity of the catalyst was not significantly lost in the recycling steps.

6.3.2 Conclusion

The modified clay catalysts were subjected to esterification and oxidation
reactions. The efficiency of the catalysts in both conventional heating and microwave
heating was compared in the esterification reaction. The conventional heating involved
heating the reaction mixture with the refluxing vessel. The microwave heating was
employed using the house hold microwave oven. The microwave enhanced reactions are
characterized with low time and higher yield. Monitoring and control of the reaction are
found to be advantageous. The product separation is much easier than conventional
reactions. The products obtained are found to be of comparatively high purity. Works of
this kind may be much easier if little modificationis done in the microwave oven setup.

The time factor and the better procedure make the microwave reactions a green one.

6.3.4 General Experimental Procedure

Chromium trioxide(dbmmol) and an equivalent of the catalyst was crushed
together in a mortar so as to form an intimate mixture. Alcohol(10mmol) was added to
this intimate mixture. The mixing of reactants continued thoroughly. The reactant along
with the catalyst was placed in a microwave oven in an alumina bath and irradiated

(600W) for one minute. The product was extracted into ether and filtered. The crude
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product so obtained was subjected to column chromatography using Hexane:Ethyl acetate

(8:2) as eluent to get the corresponding carbonyl compound.22

6. 3.5 Characterization studies of the products

Benzaldehyde

©/CHO

B.P (°C) (Literature value is in parenthesis): 182 (180-183)
Appearance: Colorless liquid

Elemental analysis (%) (Calculated for Molecular formula C;H¢O): C = 79.3(79.33), H =
5.5(5.7), 0 = 15.2(15.08)

FTIR (KBr Viax (cm™)): 1700¢aryl CHO), 1575 (ar C=C)
Cyclohexanone

of

B.P (°C) (Literature value is in parenthesis): 157 (154-156)

Appearance: Colorless liquid

Elemental analysis (%) (Calculated for Molecular formula CsH100): C = 76.3(76.44), H =
8.1(7.90), O = 15.6(15.67)
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FTIR (KB Vimax (cm™)):960 (C-H bending out of plane) 1719(C=0, six membered ring
cyclic)

Benzil

M. P (°C) (Literature value is in parenthesis): 94 (94-96)
Appearance: pale blue solid

Elemental analysis (%) (Calculated for Molecular formulaC;4H,0;): C = 80.1(79.98), H
=4.7(4.79), 0 =15.32 (15.22)

FTIR (KBr v (cm'l)): 1690(u-diketones), 1580(ar C=C)

4,4’ dimethoxy benzil

H,CO
Appearance: green solid
M. P (°C) (Literature value is in parenthesis): 133 (132-134)

Elemental analysis (%) (Calculated for Molecular formula C;¢H,404): C =70.8(71.1), H
=5.3(5.22), 0 =23.9 (23.68)

FTIR (KBt Vi (cm™)): 1608(ar C=C), 1725(c-diketones), 1041 (C-O-C str)
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CHAPTER VII
TEMPLATE MEDIATED POLYMERIZATION REACTION USING MODIFIED
CLAYS

Conspectus

Polyaniline (PANI) is one of the most important conducting polymers. It is
commonly prepared by the oxidation of aniline with ammonium peroxodisulfate in
an acidic medium. Polyaniline and polyaniline derivatives can be synthesized
both chemically and electrochemically by using suitable protonation media. This
chapter describes the preparation of polyaniline by template assisted
polymerization using clays. Four types of polyaniline derivatives were prepared
using the acid activated clay catalyst. The prepared polyaniline derivatives are
Polyaniline/kaolin, Poly (o-Toluidine)/kaolin, Poly (o-Methoxyaniline)/kaolin,
Poly (m-Chloroaniline)/kaolin which are characterized using IR Spectroscopy,

UV Spectroscopy, SEM, Conductivity measurement and XRD techniques.

7.1 Introduction
Conducting polymeric materials containing conjugated m-bonds have attracted
much interest in scientific and technological areas in recent years. Conducting polymers
such as polypyrrole, polythiophene, poly(p-phenylene), and polyaniline have commonly
been used, in scientific and industrial studies, as rechargeable batten'es,l’2 sensors,3 and
diodes, and in transistor and microelectronic devices,4 and as modified electrodes.’
Among the whole conducting polymers, polyaniline has a specific importance owing to
its simple synthesis, good environmental stability, and ability to dope with protonic
acids.5® Therefore, attempts were made to overcome the unsolved problems such as
solubility in common organic solvents, processibility at high temperature, and poor
mechanical properties.”™!
Polyaniline and polyaniline derivatives can be synthesized both chemically and
electrochemically by using suitable protonation media.'””"> Works done using X-ray
photoelectron spectroscopy on polyaniline and polyaniline derivatives by the protonation

media were reported.m'17 Moreover, it is demonstrated that the protonation level in ¢
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acceptor groups is lower with respect to aniline and alkylanilines. Poly(o-toluidine)
(POT) and poly(2-chloroaniline) (P2ClAn) have been synthesized using HCI, H,SO4, and

HCIO; as protonation media,'*

the correlation between properties of these polymers
with pKa values of protonation media have been investigated. The synthesis of POT and
P2ClAn using selected acids such as acetic, propionic, and boric as protonation media
and the investigation of the effect of these acids on their properties have been reported.

Conducting microtubules of Polyaniline (PANI) were synthesized for the first
time by the “in situ doping polymerization” method in the presence of f-
naphthalenesulfonic acid (NSA) as dopant. Different doping methods, such as “immerse
doping” and *“grind doping,” and different synthetic conditions, such as molar ratio of
aniline (An) to NSA (An/NSA), concentration of NSA in the polymerization media,
reaction temperature, and time were investigated to understand the formation of
microtubules.” It was found that the PANI-NSA microtubules can be formed only by the
“in situ doping polymerization” method, and the above synthetic conditions strongly
affect the formation of the PANI-NSA microtubules, especially the molar ratio of An to
NSA. An optimal condition was found under which tubules with 1-3 mm in diameter and
10-50 mm in length were obtained. The morphology of PANI-NSA tubules was proved
by SEM and TEM, and their backbone structure was characterized by FTIR, UV-VIS,
XPS, and X-ray diffraction. Results of these measurements showed that the molecular
structures of the resultant PANI-NSA microtubules were identical to that of PANI-HCI
synthesized by conventional method.

For the first time, it was demonstrated that the nanocomposite prepared by the
aniline polymerization in montmorillonite according to the in situ polymerization was a
polymer with tail-to-tail (benzidine) and head-to-tail (p-diaminobenzene) segments. The
proposed polymeric structure was clearly contrasting with previous results using other
spectroscopic techniques, showing that the Raman Resonance technique was a very
powerful tool to study complex systems formed by conducting polymers and inorganic
hosts™.

Polyaniline/montmorillonite (MMT) nanocomposites containing different PANI

content were prepared by the intercalation of aniline monomer into pristine MMT
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followed by the subsequent oxidative polymerization of the aniline in the interlayer
spacings. The polyaniline/MMT nanocomposite structure intercalated with polyaniline
(PANI) was examined by X-ray diffraction (XRD) and transmission electron microscopy
(TEM). From the full-width at half-maximum (FWHM) of the (001) reflection peaks in
the XRD patterns, the PANIY MMT nanocomposite containing 12.3 wt% PANI (PMN12)
was found to be in the most disordered state. The physical interaction between the
intercalated PANI and the basal surfaces of MMT was monitored by FT-IR. The room-
temperature conductivity (6RT) varied from 9.1 x10° to 1.5 x 10" S cm™ depending on
the PANI content in the nanocomposites. The FT-IR, odc(T) and oRT results for the
nanocomposites with varying content of PANI are consistently related to the structure of
the PANIVMMT nanocomposites as revealed by the XRD patterns.”® The structural
argument was further supported by scanning electron microscopy (SEM) of all the
samples. Thermogravimetric analysis (TGA) showed improved thermal stability for the
intercalated nanocomposites in comparison with the pure PANI and a simple PANIV/MMT
mixture.

The preparation of composites in which polyaniline was deposited onto perlite
particles by oxidative polymerization was reported.”” Electrically conductive latex was
prepared by homogeneously mixing submicron conductive composites with
poly(vinylacetate-co-butylacrylate-co-butylversitate) resin in a desirable ratio. The
conductivity of composites and latex was measured by a standard four-point probe.
Morphology of composites was studied by scanning electron microscopy. Adhesion and
electroactivity of the latex were also investigated.28 Nanocomposites consisting of
conducting polyaniline and clay minerals were successfully synthesized from
mechanochemically intercalated anilinium fluoride; the nanocomposites prepared by the
mechanochemical intercalation method contained much more polyaniline in the clay
layers than those prepared by a conventional solution method. Consequently, the
mechanochemical intercalation method provides a new and effective method for the
preparation of PANI-clay nanocomposites.

A series of polyaniline-Fuller’s Earth (PANI-FE) nanocomposites were prepared

by the successive intercalation of anilinium ions followed by polymerisation within the
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interlayer spaces of Fuller’s Earth (a type of calcium montmorillonite). The first member
in the series was prepared by exchanging the calcium ions in Fuller’s Earth for
ammonium ions and subsequently for anilinium ions and polymerising the latter using an
externally introduced oxidant. The emeraldine salt form of polyaniline formed was
neutralised with ammonium hydroxide and more anilinium ions were exchanged for
ammonium ions and polymerised to get the second member. In this manner, by making
use of the unique chemistry of clay and polyaniline, four members of PANI/FE were
prepared. In the last member, the negative layer charges of Fuller’s Earth was completely
neutralised by the positive charges of the polymer. The extent of polymer loading in each
stage, the effect polymer has on the host structure and the electronic and ionic
components of the conductivities of the new PANI/FE nanocomposites were investigated.
The Fe(1II) sites in FE are capable of spontaneously polymerising aniline within its inter
galleries. The extent of spontaneous polymerisation was limited by the amount of Fe(1II)
present in the FE. The deliberate polymerisation of remaining anilinium ions by
externally introduced oxidant resulted in highly conductive emeraldine salt-FE (EMS/FE)
nanocomposites. The FE host accommodates higher amount of emeraldine salt and the
repetitive insertions of the polymer could be done four times for complete layer charge
neutralisation whereas with Bentonite, the layer charge saturation takes place with three
successive insertions. The new EMS-FE nanocomposites exhibit more than order of
magnitude and greater tuneable ionic and electronic conductivities compared to those of
the same polymer incorporated in Bentonite.”’

The spectroscopic characterization of polyaniline-montmorillonite  clay
(PANIY/MMT) composites prepared by polymerization of aniline in aqueous suspensions
of montmorillonite clay and camphorsulfonic acid containing persulfate ions as oxidizing
agent was performed. The electrical conductivity values of composites increased from
10* to 10! S/cm™ when PANI/MMT ratio was increased, and percolation threshold was
observed when polymer/clay mass ratio was changed. Characterization data confirmed
that PANT had emeraldine salt form for all PANYMMT materials prepared.*

Recently, nanocomposites of conducting polymers of polyaniline (PANI),

poly(ethoxyaniline) (PEOA) and polypyrrole (PPy) with clay prepared via either in-situ
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emulsion polymerization or solvent intercalation were investigated especially for
electrorheological fluid (ER) application. The intercalated nanostructures analyzed via
WAXD and TEM were correlated with the electrical property change originated from the
nanoscale interaction between clay and conducting polymer. Moreover, their ER behavior
was measured via rotational rheometer with external electric field controller’'.

The preparation, characterization and electrical conductive properties of
intercalated polyaniline/Na-montmorillonite nanocomposites have been reported. These
materials consisting of polyaniline and Na-montmorillonite were prepared by oxidative
polymerization with benzoyl peroxide as oxidizing agent. The synthesized
nanocomposites were investigated by a series of characterization techniques; including
Fourier transform infrared spectroscopy, X-ray diffraction, scanning electron microscopy,
and thermal analysis. X-ray diffraction and scanning electron microscopy images showed
that the polyaniline was inserted into the clay layers. The modest increase in layer
spacing was as much as 0.53 nm. The thermogravimetric analysis and differential thermal
analysis demonstrated the improved thermal stability of the intercalated nanocomposites
relative to the pure polyaniline due to the incorporated Na-montmorillonite. The room
temperature electrical conductivity of nanocomposites varied from 1.0x107 to 5.8x107
Scm™.*

Different properties of polymer clay nanocomposite coatings consisting of
different polymers were also reported.” These coatings may consist of conductive and
nonconductive polymers. Some novel properties can be observed from the interaction of
two dissimilar chemical components at the molecular level that possess enhancements in
corrosion inhibition on metallic substrates.

Nanocomposites of polyaniline (PANI) with organophilic montmorillonite (O-
MMT) and hydrophilic montmorillonite (Na-MMT) were prepared. It was found that
PANINa-MMT nanocomposite had lower (5.8%) and PANI/O-MMT nanocomposite
had higher (29.4%) conductivity compared to pure polyaniline. Cyclic voltammetry
experiments showed that both nanocomposites were electroactive. The anticorrosive
properties of a 100pum thickness coating of nanocomposites on iron coupons were

evaluvated and compared with pure polyaniline coating. The results showed that
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benign process not using any solvents as well as a simple process. The control and
enhancement of poly(aniline) (PANI) bulk properties is one of the greatest challenges in
conducting polymer area. Synthesis of micro and nanostructured PANI can improve its
electrical, thermal and mechanical stabilities. There are many routes for preparing these
materials; through micellar media, interfacial, template-guided or aniline polymerization

in the presence of inorganic or organic matrices resulting in PANI composites.

7.2 Results and Discussion

Four types of polyaniline derivatives were prepared using SM HCI acid activated
clay catalyst. The polyaniline derivatives were prepared by the reaction of corresponding
aniline with potassiumperoxodisulphate in the presence of the acid activated catalyst.
The prepared polyaniline derivatives are Polyaniline /kaolin, Poly (o-Toluidine)/kaolin,
Poly (0-Methoxyaniline)/kaolin, Poly (m-Chloroaniline)/kaolin which are characterized

using IR Spectroscopy, UV Spectroscopy, SEM, XRD techniques.

7.2.1 IR characterization
Schematic representation of the repeat units of the four polyaniline derivatives
followed by assignments of characteristic IR bands of emeraldine salt form of

polyaniline are shown in figure 4.

Frequency (cm™") Assignment

1582 V(N QN)

1501 v(N B N)

1375

1306 v(C N) at different chemical environments
1240

1143 BNH'"Q

1043 o(C H) in plane

827 d(C H) out of plane
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Figured: Schematic illustration of polymer repeat units for (i) PANI (ii) Poly(o-
toluidine), (iii) Poly(o-anisidine) and (iv) Poly(m-chloroaniline)

From FTIR bands, it was found that polymerization occurred with head-to-tail

coupling. Characteristic bands corresponding to kaolin clay are shown at 1035 (v(Si-O))

and 915 (3(Al-OH)); 990 and 450 cm™' are for the Si~O-Si stretching in the infrared

spectrum of acid activated clay. The FT-IR spectrum of pure PANI shows four major

vibration bands at 1112 (para-substituted aromatic 8(C-H) in plane), 1296 (v(C-N)),

1487 (benzenoid ring v(C=C)) and 1562 cm’! (quinoid ring v(C=C)).These bands are in

stretching with a 20cm’™

good agreement with the observed frequencies of the prepared polyanilines with minor
It is well known that in systems intercalated with PAN], strong guest-host
interactions, such as hydrogen bonding, occur in the form of NH...O, the Cyomaic —IN

shift to 1303 cm' which is due to the hydrogen bonding.
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Consequently, the frequency shift of v(C-N) observed in the nanocomposite system is
also caused by the physical interaction between PANI and the basal surface of kaolin clay
(i.e.,NH...O hydrogen bonding).

The 1160-1200 cm™’ bands belong to the —NA-Q-AN or B—NH—B (where B
denotes benzenoid and Q denotes quinoid ring) vibration bands of Poly(o-toluidine). The
observed bands at 1260-1300 and 1000-1050 cm™ belong to C—N stretching vibrations
and C—H vibration bands, respectively. At 800-810 cm™, the peak corresponds to C—H
bending vibration of p-phenyl rings and the peak at 850-900 cm’ appears to be due to the
methyl group attached to the phenyl ring. Twin bands centered around 2920 and 2850

cm’’ can be assigned to the aliphatic C-H stretching of the toluidine segment. Contrary to

PANI, a new band appeared at 1119 cm~ in the poly(o-toluidine) spectrum. This band is

attributed to the C-C vibration in the methyl-group substituted semiquinoid (SQ) and
quinoid (Q) rings.

The characteristic vibration bands of Poly(o-methoxyaniline)are located at 1461
and 1580 cm™, a medium-intensity peak at 1300-1325 cm™ is due to the C-N stretching
vibration in alternate units of quinoid-benzenoid-quinoid rings, whereas the band at
13751381 cm’! corresponds to the C-N* stretching vibration. A band near 1107 cm™ is
assigned to C-H in-plane bending. The IR spectrum shows characteristic band at 1480
cm’ for poly(m-chloroaniline) as its quinoid and benzenoid forms. The IR spectra of the
prepared poly(m-chloroaniline) has characteristic band at 758 c¢m™ attributed to the

functional group of m-chloroaniline.

7.2.2 Conductivity measurement

Conductivity of pressed pellet of polyaniline product was measured by four probe
d. c. technique. The van der Pauw equation (eqn (1)) below) was used to calculate the
conductivity:

c=2In2/(R+Ry) ndf
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where: o =conductivity (Scm™), R; and Rj=resistances of the sample in two adjacent
contact configurations, d = thickness of the sample (cm), f = geometric correction factor,
approximately 1.00 for symmetrical contacts. Surface conductance was found to be
insignificant (i.e. the values measured were true bulk conductivities). The conductivity of
the pressed pellets of polyaniline derivatives was found to be in the order of 6 x 10% S

cm’', which was close to that of traditional undoped polyaniline.

7.2.3 UV-Visible spectroscopy

UV-Visible spectra were recorded using Shimadzu UVPC-3101 scanning
spectrophotometer in transmission mode. The conjugated polymers are often highly
colored because their n—n* energy gap falls within the visible region. Those wavelengths,
which are not absorbed, are transmitted, resulting in the observed color. The UV-Visible
spectrum of the polyaniline consists of four bands at 311, 443, 608, and 790 nm. The first
one at 298-322 nm is assigned to the n—n* transition of the benzenoid rings. It is related
to the extent of conjugation between the phenyl rings along the polymer chain. The third
absorption band at 588-620 nm is assigned to the quinoid ring transition (charge transfer
from the highest occupied molecular orbital of the benzenoid ring to the lowest
unoccupied molecular orbital of the quinoid ring). The remaining two bands at 410-450

and 790-880 nm are due to the polaronic transitions.

7.2.4 SEM characterization

The surface morphological microstructure of the polyaniline derivatives can be
examined by scanning electron microscopy. Kaolin in raw form shows primary particles
in the micrometer range that consist of face-to-face stacking crystallites (tactoids). The
SEM photographs of PANI/kaolin nanocomposite are presented in figure 5. While the
PANI particle showed aggregation of round shaped small particles, the Kaolin image
displayed sheet like plates. Thereby, the PANI/kaolin nanocomposite possesses two
characteristic morphologies of round-shape of the particles and plate-like kaolin. The
dissolved PANI could combine with surface of kaolin and intercalate into kaolin

anticipating the nanoscopic intercalation of PANI chain with kaolin interlayers.
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wavelength of the X-ray beam and 8 is the scattering angle. The (001) reflection peak of
the kaolin at around 28 = 12° is shifted towards lower angles for all the composites. The
average d-spacing of the composites was found to be 1.43 nm with slight variation. Upon
the intercalation of PANI, the interlayer spacing is expanded from 0.97 to 1.43 nm. In the
case of the PANFkaolin composites, the interlayer expansion generally varies in the
range of 0.3 to 0.6 nm. Thus, the 0.46 nm expansion in the interlayer spacing observed
indicates the insertion of PANI chains between silicate layers.

Analysis of the data shows that the crystalline part of poly(o-toluidine) adopts
increased zig-zag angle of the polymer chain and larger interchain spacing. The increased
disorder in the stacking of polymer chains is caused by the bulky methyl groups. The
XRD patterns for PMOA/kaolin composite is also shown in the figure. The peak at 26 =
4.8° (d-spacing: 1.84 ni) corresponds to crystallographic planes of the kaolin clay layer,
(001) basal spacing reflection. The d-spacing expansion was identified from the shift of

the diffraction peak to lower angles of 20 = 4.18° (d-spacing: 2.11 nm) of PMOA/kaolin.
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Figure 6: X-Ray Diffraction patterns of four polyaniline/kaoline derivatives with

that of catalyst for comparison

7.3 Conclusion

Four types of pani-kaolin composites have been prepared and are characterized.

Their structure on intercalation was compared with the XRD patterns. SEM data show

that morphology of PANI-kaolin composites changes according to reactants. Surface

conductance was found to be insignificant (i.e. the values measured were true bulk

conductivities). The conductivity of the pressed pellets of polyaniline derivatives was

found to be in the order of 6 x 10® Scm'l, which was close to that of traditional undoped

polyaniline.
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7.4 Experimental

0.1mol of amine and 1.0g of catalyst were taken in 100 mL beaker and kept in
freezing mixture for about 10 min. Equimolar quantity of potassiumperoxodisulphate was
added slowly with vigorous shaking. The addition was continued to about 30min. The
reaction mixture was stirred for about 3h keeping the reactants in freezing mixture. After
3h, the temperature of the mixture was gradually raised to 30°C. The mixture was filtered
to free the sulphate ions and was dried. The precipitate was washed twice with
Tetrahedrofuran (THF) to free the monomers. The compounds are characterized using

XRD, SEM, UV-Vis DRS, Conductivity measurements and IR spectroscopy.
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CHAPTER VIII
SUMMARY AND CONCLUSIONS

The scientific knowledge of clay mineral properties progressed greatly during the
last century. Many people continue to use clays without knowing the cause of the clay
mineral’s usefulness. For instance, some cheap clay incubators are still used to protect
premature babies from the cold. In many parts of the world drinking water is cooled by
evaporative processes in porous clay pots or jugs. Properties of clay minerals lend
themselves well to serving as dispensers of chemicals in the pharmaceutical, crop
fertilization, and insecticide industries as well as for animal waste and industrial waste
adsorption. Wines, vegetable oil, and crankcase oil are all subject to clarification and
purification by filtering them through beds of clay minerals. The ceramics and
nanocomposite industries are also sub-sets of the field of clay science. Each of these
different sub-sets requires unique education and training schedule for development of
practitioners who are capable of contributing to their particular fields. Some of the sub-
sets of clay science require use of equipment about which researchers in other sub-sets
have no expertise.

Until the 1920s, crude oils were refined by distillation. Catalytic conversion,
using acid-activated bentonite (‘Houdry process’) was introduced in 1937. A few years
later this catalyst was replaced by acid-activated kaolinite, and in the 1950s by ‘base-
activated kaolinite’ (i.e., zeolites A and/or X). The advent of synthetic zeolites spelt the
demise of clays for petroleum refining. The complex nature of clay (different species,
different properties, and different modifications of natural clays) as well as the
innumerable uses and applications of clays demand that clay scientists from different
universities and countries establish educational subjects and techniques. This interest in
clay science is extended to undeveloped countries because naturally occurring cheap clay
materials may be found in all countries and are used in many parts of our daily life.
Renewed interest in clay catalysis emerged in the 1970s due to the development of

pillared clays.
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Catalysis is an important field in both academic and industrial research because it
leads to more efficient reactions in terms of energy consumption and waste production.
The common feature of these processes is a catalytically active species which forms
reactive intermediates by coordination of an organic ligand and thus decreases the
activation energy. Formation of the product should occur with regeneration of the
catalytically active species.

Clays (raw, activated, and pillared) are being used as heterogeneous catalysts in
many organic reactions. An entirely new field has grown (and continues to grow) out of
clay mineralogy; the modification of clay minerals or outright synthesis of clay mineral-
like substances called pillared clays, micro-composites, and ceramics.

Our aim of the study is to utilize locally available raw materials such as clay to
value added products such as catalysts for the organic reactions. In this attempt
modification of clays using acid activation and metal impregnation techniques are
employed. The highlights of this study are explained as follows.

First chapter deals with the salient features of clay minerals, their types and
classification. =~ The structure and characterization techniques such as chemical
composition, FT-IR, XRD, surface area analysis, acidity measurements etc., are
explained. Their properties including ion exchange, swelling, acidic nature is mentioned.
A discussion on reactions catalyzed by clay materials in the preparation of fine chemicals
is presented.

Second chapter describes purification, characterization and modification of clays
collected from different regions in the state. Seven types of clays from different sources
were obtained. They were purified, and their chemical composition was determined.
Based on their chemical composition, their X-ray diffraction data and the activity towards
catalytic action, a particular type of clay was selected. Using the selected clay, various
types of catalysts were prepared, either by acid treatment or by intercalation of metal
ions. A detailed description of the various techniques used for characterization of the

prepared catalysts is carried out. Some of the techniques used are Fourier Transform
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Infra-Red Spectroscopy, X-Ray Diffraction, surface area analysis, Thermogravimetry/
Differential Thermal Analysis, NHiz-Temperature Programmed Desorption etc. The
prepared catalysts were found to possess desirable properties of Lewis as well as
Bronsted acidities. The results are compared with standard clays such as K10 and KSF.
Based on the preparation method, classification of the catalysts was done. Using these
different catalysts, organic reactions were carried out to check the relative activity of

these catalysts.

Third chapter deals with the utilization of the modified catalysts into the model
diazotization reaction. Their yields were compared with standard clays such as K10 and
KSF. High yielding catalyst was used for five different combinations of reactants.
Recycling study of high yielding catalyst was conducted. The activity of the metal
impregnated and acid activated catalysts was achieved with great success. The yield was
comparable with available standard catalysts. The products were characterized.

Recyclability of the catalyst render it a useful one.

Protonated formaldehyde reacts with aromatic amines to give 4.4-
diaminodiphenylmethanes. Fourth chapter attempts to synthesise 4,4’-
diaminodiphenylmethanes by the condensation of aniline with formaldehyde using acid
treated as well as metal impregnated catalysts. Seven catalysts are used with five types of
amines and reacted with formaldehyde. The yields are compared with the standard clays
such as KSF and K10. The products were fully characterized. The recyclability of the

prepared catalysts were checked.

One of the important methods for introducing alkyl substituents into the aromatic
systems is through Friedel-Crafts alkylation. Homogeneous Lewis acidic catalysts are
used for the reaction. This introduces several problems such as tedious work up, use of
corrosive chemicals, moisture sensitivity, decreasing regioselectivity and so on. To
overcome the drawbacks, replacement of soluble Lewis acids is made by solid acids

which facilitate improved procedures. In the fifth chapter, Friedel-Crafts alkylation in
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vapour phase is presented using the prepared kaolin catalysts. The products are
characterized and the yields are compared with standard clay catalysts. Recycling nature

of the catalyst was examined.

Esters represent an important class of chemical compounds with applications as
solvents, plasticizers, flavors and fragrances, pesticides, medicinals, surfactants, chemical
intermediates, and monomers for resins. In this chapter attempts have been made to
prepare esters of carboxylic acids through vapour-phase reactions. Five different esters
were made and the products were characterized using physical constants, FT-IR and other
spectral methods. The yields are compared with standard clays. Recyclability of the
prepared catalysts has also been tested.

Vapour-phase esterification reaction has also been carried out using the same
methods and procedures. The esterification reaction of benzoic acid with ethyl alcohol
was taken as the reference reaction and was studied for the activity of the prepared
catalysts. The advantage of the vapour phase reaction is that it is conducted in a
continuous flow reactor. The yields of the products can be controlled by adjusting the
flow of the reactants into the reactor. Since the reaction is in vapour phase condition,
monitoring the progress of the reaction is easier. Catalyst removal and thereby the
regeneration of the catalysts is made easy. The simple method of conducting the
esterifcation process, relatively low amount of by-products, easier method of purification,
requirement of relatively low amount of supporting reagents and conditions render the

reaction a green one.

In the sixth chapter, the activity of catalysts are examined for the microwave
mediated organic reactions. Clay catalysed esterification and oxidations of alcohols using
chromium trioxide were carried out. Products were characterized by standard methods.
Microwave oven of domestic type was employed for the purpose. The modified clay
catalysts were subjected to esterification and oxidation reactions. The efficiency of the

catalysts in both conventional heating and microwave heating was compared in the

Summary And Conclusions



161

estenification reaction. The conventional heating involved heating the reaction mixture
with the refluxing vessel. The microwave enhanced reactions are characterized with low
time and higher yield. Monitoring and control of the reaction are found to be
advantageous. The product separation is much easier than conventional reactions. The
products obtained are found to be of comparatively high purity. The time factor and the

better procedure make the microwave reactions a green one.

Polyaniline (PANI) is one of the most important conducting polymers. It is
commonly prepared by the oxidation of aniline with ammonium peroxodisulfate in an
acidic medium. Polyaniline and polyaniline derivatives can be synthesized both
chemically and electrochemically by using suitable protonation media. The seventh
chapter describes the preparation of polyaniline by template assisted polymerization
using clays. Four types of polyaniline derivatives were prepared using the acid activated
clay catalyst. The prepared polyaniline derivatives are Polyaniline/kaolin, Poly (o-
Toluidine)/kaolin, Poly (o-Methoxyaniline)/kaolin, Poly (m-Chloroaniline)/kaolin which
are characterized using IR Spectroscopy, UV Spectroscopy, SEM, Conductivity
measurement and XRD techniques. The conductivity of the pressed pellets of polyaniline
derivatives was found to be in the order of 6 x 10 Scm™, which was close to that of

traditional undoped polyaniline.

The diverse catalytic activity of clay minerals is derived mainly from four main
sources, Brgnsted acidity, Lewis acidity, presence of redox active species and
introduction of catalytically active (mainly) transition metals or cations. Such activity can
be either a natural property of the clay or can be introduced by cation exchange, acid
activation or deposition of the co-catalyst onto the clay surface. The expandable layers of
clay minerals provide useful two-dimensional hosts, which facilitate introduction of
catalytically active metal species by cation exchange. Intercalation of metal species into
the interlayer space of clay minerals is an excellent method for homogeneous catalyst

heterogenisation. Metal complex catalysts intercalated into clay minerals exhibit
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sufficiently high activity and selectivity to make them competitive to the homogeneous
catalysts.

The clay minerals can catalyze a variety of organic reactions occurring on their
surface and interstitial space. Synthetic organic chemists have been attracted to their
tremendous potential as catalysts only recently. Modification of their properties by
incorporating different metal cations, molecules or complexes, can lead to catalysts that
are useful in effecting even more varieties of reactions and higher selectivity in product
structure and yield. There is a theory that the molecules of life were actually developed in
sedimentary clays. As the organic chemist is becoming more aware of clay's efficacy, its
use in organic synthesis is bound to increase, especially because it helps in developing

eco-friendly chemical processes.
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