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ABSTRACT

Terpolymer resin p-COF-11 was synthesized by the condensation of p-Cresol (p-C) and oxamide
(O) with formaldehyde (F) in the presence of 2M HCI as catalyst with 2:1:3 molar ratios of
reacting monomers. The electrical properties of p-COF-II terpolymer were measured over a
wide range of temperature (313-423K), activation energy of electrical conduction has been
evaluated and plot of log o vs 10T is found to be linear over a wide range of temperature,
which can be ranked it as semiconductor. The chelating ion-exchange properties of this
terpolymer was studied for Fe (111), Cu (I1), Ni (1), Co (1), Zn (11), Cd (II) and Pb (I1) ions. A
batch equilibrium method was employed in the study of the selectivity of metal ion uptake. The
study was carried out over a wide pH range, shaking time and in media of various ionic
strengths. The terpolymer showed a higher selectivity for Fe (I11), Cu (1), and Ni (I1) ions than
for Co (I1), Zn (11), Cd (I1) and Pb (I1) ions.
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INTRODUCTION

The synthesized terpolymer resins, showing veesafiplications and properties, attracted the
attention of scientist and introduce the recentowations in the polymer chemistry. These
terpolymers can be used as high energy matgjalion-exchangef2], semiconductor$3],
antioxidants, fire proofing agent, optical storalge¢a, binders, molding materials etc.

The semiconducting properties of terpolymer resiase gained sufficient ground in recent
years. Work on organic conducting polymers is earrout extensively due to their wide
applications, [4, 5in areas such as chemically modified electrodessas etc. An industrially
useful semiconducting material has been reporteDdwar et a[6]. The conductivity of an 8-
hydroxyquinoline — oxamide-formaldehyde terpolymesins have been reported over a wide
range of temperatufé]. Pal et a[8] has reported electrical conductivity of salicyhcid-biuret /
dithiooxamide / dithibiuret-trioxane terpolymer ires

lon-exchange technique can remove traces of ianpurities from water/process liquors and
gives out a product of ultra pure quality in a slenpfficient and techno-economically viable
manner. lon exchangers are widely used in watatrtrent and pollution control [9, 10]. Various
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hydroxybenzoic acid-formaldehyde and 4-hydroxygoeémone- biuret - formaldehyde
copolymers have been reported and found use asxicmangerfll, 12].

MATERIALS AND METHODS

Starting Materials:
The chemicals (starting materials) were of AnalarGhemically pure grade, and wherever
necessary the purity was tested and confirmed ky. TL

Synthesis of p-COF-II terpolymer resin

The new terpolymer resin p-COF-Il was synthesizgddndensing p-cresol (2.16g, 0.2 mol) and
oxamide (0.88g, 0.1 mol) with 37 % formaldehyde.{1thl, 0.3 mol) in a mol ratio of 2:1:3 in
the presence of 2M 200 ml HCI as a catalyst af@302C for 5h in an oil bath with occasional
shaking to ensure thorough mixing. The separatgablgmer was washed with hot water and
methanol to remove unreacted starting materialsaaidimonomers. The properly washed resin
was dried, powdered and then extracted with diegtlger and then with petroleum ether to
remove p-cresol-formaldehyde terpolymer which mighie present along with
p-COF copolymer. The terpolymer was purified furthg dissolving in 8% aqueous sodium
hydroxide solution, filtered and reprecipitatedgrgdual drop wise addition of ice cold 1:1 (v/v)
concentrated hydrochloric acid / distilled watethmMconstant and rapid stirring to avoid lump
formation. The process of reprecipitation was régeeawice. The copolymer sample p-COF-II
thus obtained was filtered, washed several timéis ot water, dried in air, powdered and kept
in vacuum desicator over silica gel. The yieldlw# topolymer resin was found to be 80%. The
reaction and suggested structure has been givieig.ii.

OH
O O
i
n + nHN-C-C-NH, + 2nHCHO —2MHC
5h,140°C
CH Oxamide Formaldehyde
p-Cresol
OH OH
CH—NH—C — C—NH—CH, CH,
1 I}
O O
CH, CH, *HO |,
p-COEF-II terpolymer resin

Fig. 1 Suggested structure of p-COF-II terpolymer esin

Conductivity Measurement

The DC electrical conductivity measurements indsetate were carried out in a suitable sample
holder designed for the purpose, by finding outrédsstance of the sample, in the temperature
range of 313K to 463K at constant voltage of 50tsvacross the pellets prepared from
terpolymer resins. The measurements were made tyy@ampact LCR-Q tester model 4910.

To prepare the pellets, the purified terpolymelingsvere thoroughly ground with an agate
pestle and mortar. The well powdered terpolymer waktalized in a steel die at 5 tkm
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pressure with the help of a hydraulic press. Pelbd¢tl.2 cm in diameter and mearly 0.2 to 0.3
cm thickness were prepared. The pellet of the dastples was put in a typical sample holder
fabricated in this laboratory and resistance waasmed using conductivity bridge over wide
range of temperature.

For this purpose, the sample pellet was heatedtimb@aar furnace in which the temperature of
the furnace being increased by steps from room ¢eatpre to about 423 K.

lon-exchange properties:

The copolymer sample (25mg) was suspended in atralge solution (25ml) of known
concentration. The pH of the suspension was adjustéhe required value by using either 0.1M
HNO; or 0.1M NaOH. The suspension was stirred for 24ih30°C. To this suspension 2 ml of
0.1M solution of the metal ion was added and thew#$ adjusted to the required value. The
mixture was again stirred at 30°C for 24 hrs. Tokmper was then filtered off and washed with
distilled water. The filtrate and the washing weodlected and then the amount of metal ion was
estimated by titrating against standard EDTA (ethgl diamine tetra-acetic acid) at the same pH
(experimental reading). The same titration has loaened out without polymer (blank reading).
The amount of metal ion uptake of the polymer walsuated from the difference between a
blank experiment without polymer and the readinghe actual experiments. The experiment
was repeated in the presence of several electsoytearious pH and different time intervefs

lon-Exchange Capacity

The term ion exchange capacity is intended to desthe total available exchanged capacity of
an exchange resin, as described by the numbemofidmal group on it. lon exchange capacity
was determined by following experimental procedure.

25 mg of resin sample was suspended in 50 ml| dbldadistilled water; to this add 25 ml of 0.5
M sodium acetate solution. The mixture has beemestifor 2 to 5 min. when Hfrom resin
liberated in the solution to from acetic acid an$abed sodium ion (Na Then the solution
was filtered and the filtered is titrated with Q&BNaOH solution.

The ion-lexchange capacity can be calculated bygusitowing equation, in mill mol per gram
(mmol.g")

lon-exchange capacity of terpolymer resin = XY / Z

Where, X = molarity of NaOH
Y = volume of NaOH required during titration
Z = Weight of the exchanger

The ion-exchange capacity of representative sangbleeach terpolymer resin has been
determined and compared it with commercial ion-excjers.

RESULTS AND DISCUSSION

Electrical conductivity

The thermal activation energy and the values aftetal conductivity at different temperatures
are given in Table 1. The resistance values op#ikets of the terpolymers ranging from 313 K
to 423 K were converted into conductivity value$ By taking into account the thickness of the
pellet and its diameter and evaluating thicknessa grarameters of the pellet of a particular
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terpolymer. The temperature dependence of theraictonductivity of the terpolymers is
shown in Fig. 2. In the electrical conduction domaihe temperature dependence of the
electrical conductivity obeys the well known eqoafy].
G=0, exp(A_E/kT)
Where,
k = Boltzmann constant
0, = electrical conductivity at temperature-T o
o = electrical conductivity at temperature T
AE = electrical conductivity energy of electricahcluction.

This relation has been modified as Electrical Prioge of... Terpolymers.

logo =log 0,+ ———
J 9% 2.303KT

According to this relation, a plot of lag Vs. 1000/T would be linear with a negative slopee T
result of the D.C. conductivities are presentec herthe form of plots of log Vs. 1000/T, as
the range of conductivities was found to be 1.2®9%to 2.91 x 1¢ ohmi* cmi™.

It will be seen from the plots (Fig. 2) of terpolgnthat there is a consistent increase in elettrica
conductivity as the temperature rises roughly f&i88 K to 423 K. these trend is a characteristic
of semiconductiof]. The activation energy was determined fromabeves logo Vs. (13YT).
The plot of logo Vs. 10YT are found to be linear (Fig.2) over wide ran§iéemperature which
indicates the semiconducting nature of terpolyrbef].

-3.0

p-COF-Il Slope = 0.27, Ea=8.59 x 10%J/K
-4.0
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Fig. 2 Electrical conductivity plot of p-COF-II ter polymer resin

Table 1 Electrical conductivity data of p-COF terpdymer resin

Electrical Conductivity

Terpolymer ohm* cm* "
313K 423 K (K)

p-COF-Il 1.29x18 291x10 313-423 0.85x 1D

AT AE
(ev)
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Table 2 Effect of different electrolytes on the upike of several metal iongby p-COF-II terpolymer resin

Weight of the metal uptake (mmok)yy
Metal ion | Electrolyte (mol/l)} pH in the presence of electrolyte
NaNG; | NaCl | NaClQ | NaSO,

0.01 1.06 | 0.56 1.18 3.17

0.05 124 | 0.84 1.70 2.52

Fe(lll) 0.10 2.5 1.45 1.06 1.92 1.99
0.50 1.75 1.45 2.42 1.16

1.00 223 | 2.06 3.01 0.73

0.01 1.99 1.21 1.73 3.45

0.05 2.17 1.86 2.36 2.81

Cu(ll) 0.10 4.5 2.41 2.43 3.01 2.18
0.50 2.73 | 3.01 3.69 1.35

1.00 2.88 | 3.71 4.27 0.65

0.01 0.87 | 0.74 1.33 2.92

0.05 1.46 1.22 1.92 2.33

Ni(Il) 0.10 4.5 2.02 1.69 2.51 1.74
0.50 250 | 221 3.09 1.16

1.00 3.22 2.98 3.68 0.57

0.01 1.40 1.33 1.16 1.87

0.05 1.16 1.14 1.04 1.23

Co(ll) 0.10 5.00| 0.92 | 0.97 0.86 0.92
0.50 0.69 | 0.79 0.69 0.75

1.00 0.45 | 0.57 0.41 0.51

0.01 2.41 1.74 1.79 2.08

0.05 2.02 1.47 1.66 1.42

Zn(Il) 0.10 5.00| 1.56 1.10 1.40 1.28
0.50 1.17 | 0.84 1.16 0.89

1.00 0.64 | 051 0.71 0.57

0.01 2.43 | 2.30 1.95 1.66

0.05 1.98 1.82 1.55 1.28

0.10 1.49 1.42 1.11 1.02

cd(h 0.50 5.00 0.98 | 0.97 0.92 0.79
1.00 0.77 | 0.66 0.68 0.57

0.01 2.41 2.24 1.87 3.47

0.05 1.77 1.67 1.52 2.84

Pb(l) 0.10 6.00| 1.12 1.40 1.21 2.18
0.50 0.45 1.21 0.93 1.56

1.00 0.17 | 0.92 0.59 0.91

#[M(NO3),] = 0.1 mol/l; Volume = 2 ml; Volume of electrolyte solution : 25 ml, Weight of resin = 25 mg; time: 24
h: Room temperature.

lon-exchange properties

Batch equilibrium technique developed by Gregaalednd De Geiso et atlas used to study ion
exchange properties of p-COF-Il terpolymer resihe Tesults of the batch equilibrium study
carried out with the copolymer p-COF-II are presenin Table 5, 6 and 7. Seven metal ions
Fe’*, CU, Ni*, cd, zr?*, cd®* and PB" in the form of aqueous metal nitrate solution were
used. The ion exchange study was carried out ubneg experimental variables : a) Electrolyte
and its ionic strength b) uptake time and c) pHthef aqueous medium, Among these three
variables, two were kept constant and only one veaged at a time to evaluate its effect on
metal uptake capacity of the polymers similar te darlier co-workers [13,14]. The details of
experimental procedure are given below.

Effect of electrolyte and its ionic strength on meidl uptake

We examined the influence 610, ,NO;, Cl'and SQ* at various concentrations on the
equilibrium of metal-resin interaction. Table 2 sfsathat the amount of metal ions taken up by a
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given amount of terpolymer depends on the natudecancentration of the electrolyte present in
the solution. Generally as concentration increa$else electrolyte, the ionization decreases, the
number of ligands decreases in the solution whisinfthe complex with less metal ions and
more ions are available for adsorption. Hence aremsing concentration there should be
increase in uptake of metal ion. But trend distdridee to formation of more stable complex
with more number of ligands which decrease the ramolb metal ions available for adsorption,
hence uptake decreasés the presence of perchlorate, chloride and mitrahs, the uptake of
Fe(lll), Cu(ll) and Ni(ll) ions increase with in@sing concentration of the electrolytes, whereas
in the presence of sulphate ions the amount ofatbh@ve mentioned ions taken up by the
terpolymer decreases with increasing concentratdiothe electrolyte. Moreover, the uptake of
Co (Il), Zn (I1), Cd (Il) and Pb (Il) ions increaseth decreasing concentration of the chloride,
nitrate, perchlorate and sulphate ions. This mayekglained on the basis of the stability
constants of the complexes with those metal iohs.r&tio of physical core structure of the resin
is significant in the uptake of different metal oy the resin polymer. The amount of metal ion
uptake by the p-COF-II terpolymer resin is foundb higher when comparing to the other
polymeric resingl5].

Estimation of the rate of metal ion uptake as a fuction of time

The rate of metal adsorption was determined to @ntthe shortest period of time for which
equilibrium could be carried to while operatingcésse to equilibrium conditions as possible. As
shaking time increases the polymer gets more tonadsorption, hence uptake increa3esle

3 shows the dependence of the rate of metal icekepin the nature of the metal. The rate refers
to the change in the concentration of the metad ionthe aqueous solution which is in contact
with the given polymer. The result shows that timettaken for the uptake of the different
mental ions at a given stage depends on the nafuhe metal ion under given conditions. It is
found that Fe (lIl) ions require about 3hrs for #stablishment of the equilibrium, whereas Cu
(11, Ni (1), Co (I) and Zn (1) ions required awut 5 or 6 hrgl6]. Thus the rate of metal ions
uptake follows the order Cu (Il) > Ni (Il) > Co Ik Zn (II) > Cd (ll) > Pb (I) for all of the
terpolymers'®. The rate of metal uptake may depend upon hydratgitiof metal ions. The rate
of uptake for the post transition metal ions exhdbher trend for Cd(ll), the rate of uptake is in
the comparable that of Pb(ll) because of differancd’ orbital.

Table 3 Comparison of the rates of metal (M) iofuptake by p-COF-II copolymer resin

Percentage of metal ion uptdkat different times (h
1 2 3 4 5 6 7
Fe(lll) | 25| 53.3| 78.6| 96.4 - - -
Cu(ll) | 45| 495| 613 68.6 79.9 93.f7
Ni(ll) |45 | 50.7 | 60.6| 70.1| 86.1 94.6
Co(ll) 5 | 45.2| 59.7| 69.1| 84.2 94.1

|

P

Metal ion | pH

Zn(ll) 5 | 49.1| 59.6| 69.5 845 96.] -

Cd(ln 5| 30.1| 50.6| 60.2/ 70.1 85. 941 |-

Pb(Il) 6 | 285| 49.3] 57.2] 69.2 84.0 95{7 |-
#IM(NO3),] = 0.1 mol/I; volume : 2ml; NaNO;z = 1.0 mol/L; volume: 25ml, Room temperature.

® Metal ion uptake = (Amount of metal ion absorbed x 100) / amount of metal ion absorbed at equilibrium.

Distribution ratios of metal ions at different pH

The distributions of metal ion depend upon pH d #olution. As pH, increases thé kbn
concentration in the solution decrease and onlyahiet in the solution available for adsorption
which increase uptake.
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The effect of pH on the amount of metal ions ditted between two phases can be explained
by the data given in Table 4. The data on theildigion ratio as a function of pH indicate that
the relative amount of metal ion taken up by the@F-II terpolymer increases with increasing
pH of the mediun{17].The magnitude of increase, however, is diffiéréor different metal
cations. The study was carried from 2.5 upto pHt6.prevent hydrolysis of metal ions at higher
pH. For F&" ion the highest working pH is 3, has lower disitibn ratio since Fé forms
octahedral complex with ligand of electrolyte, whishows crowding effect. This sterric
hindrance may be lower the distribution ratio of'Hen. Cif* and Nf* have higher distribution
ratio over pH range of 2.5 to 6.5 which may be thuthe less sterric hindrance. Thus the value
of distribution ratio for given pH depends upon tteure and stability of chelates formation for
particular metal ion.

Table 4 Distribution ratio D @ of various metal ions” as function of the pH by p-COF-II terpolymer resin

Metal ion Distribution ratio® of the metal ion at different pH

1.5 2 2.5 3 3.5 4 5 6
Fe(lll) | 20.2| 125.6/ 237.1 3682 - - - -
Cu(ll) - - - 68.3 | 93.4 212.1 6814 1209.4
Ni(Il) - - - 52.1 | 74.8| 230.4 462.1 914.1
Co(ll) - - - 415 | 65.4 155.8 2482 4454
Zn(ll) - - - 43.7 | 73.1) 99.3] 133.p 2258
Cd(In - - - 31.2| 65.7 107.1 1742 2343
Pb(Il) - 39.6| 63.5 126.2 197)2 2736

2D = weight (in mg) of metal ions taken up by 1g of copolymer/weight (in mg) of metal ions present in 1ml of solution.
®[M(NO,),] = 0.1 mol/I; volume : 2ml; NaNO, = 1.0 mol/I; volume: 25ml, time 24h (equilibrium state) at Room temperature.

The data of distribution ratio shows a random tremdertain cases®. This may be due to the
amphoteric nature of the p-COF-II resin. Table dveh that reported resin provides better
selectivity for one metal ion in presence of othmtal ions. From the result it reveals that with
decrease in atomic number the ion uptake capaitycreasing at that particular pH. In case of
Cd (1) and Pb (I) purely electrostatic factorg aesponsible. The ion uptake capacity of Cd (II)
is lower owing to the large size of its hydrated tban that of Cu (Il). The sterric influence of
the methyl group and hydroxyl group in p-COF-Il iress probably responsible for their
observed low binding capacities for various metaki Thus the interaction of this resin material
with various metal ions in an aqueous environmeay fargely limit the binding sites, which are
suitably, disposed in a conformational favourabdmer on the surface layer.

The higher value of distribution ratio for Cu (Hpd Ni (Il) at pH 2.6 to 6.0 may be due to the
formation of most stable complex with chelatingahgs. Therefore the polymer under study has
more selectivity of Cti and Nf* ions at pH 4.0 to 6.0 then other ions which frather weak
complex. While at pH 3 the terpolymer has more cility of Fe** ions. The p-COF-II
terpolymer resin take up Fe (lll) ion more selegiyvthan any other metal ions under study. The
order of distribution ratio of metal ions measuiregH range 2.5 to 6.5 is found to be Fe (lll) >
Cu (I) > Ni (I) > Zn (1) > Co (I) > Pb (I) > @ (Il). Thus the results of such type of study are
helpful in selecting the optimum pH for a selectiyatake of a particular metal cation from a
mixture of different metal iond.8]. For example, the result suggest the optimiHr6D, for the
separation of Co(ll) and Ni (ll) with distributiamtio ‘D’ at 445.4 and 914.1 respectively using
the p-COF-II terpolymer resin as ion-exchanger. i@y, for the separation of Cu (Il) and Fe
(111 the optimum pH is 3, at which the distributigatio ‘D’ for Cu (ll) is 68.6 and that for Fe
(1) are 368.2. The lowering in the distributio Be (Ill) was found to be small and, hence,
efficient separation could be achie\#€, 20, 21].
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lon exchange properties of various resins can hdiedd by comparing their ion exchange
capacity. The ion exchange capacity (IEC) is a &mental and important quantity for the
characterization of any ion exchange materials lefined as the amount of ion that undergoes
ion exchange in a definite amount of material, wundpecified experimental conditions.
However, there may be complication in the detertionaof the capacity [21]. The ion
exchange capacity of p-COF-II terpolymer has bescutated, which was found to be 3.98
mmol.g* which indicates that p-COF-II terpolymer resinbistter ion exchanger than phenolic
and some polystyrene commercial ion exchangers.

Some commercially available ion-exchange resingmen below:

Trade Name Functional Group  Polymer Matrix  lon-exule Capacity (mmol.g

Amberlite IR-120 -GH,SO:H Polystyrene 5.0-5.2

Duolite C-3 -CHSO;H Phenolic 2.8-3.0

Amberlite IRC-50 -COOH Methacrylic 9.5

Duolite ES-63 -OP(0) (OH) Polystyrene 6.6
Zeocarb-226 -COOH Acrylic 10.00

Dowex-1 -N(CH)3 Cl Polystyrene 3.5

Amberlite IRA-45 -NR, -NHR, -NH, Polystyrene 5.6

Dowex-3 -NR, -NHR, -NH, Polystyrene 5.8

Allassion AWB-3 -NB, -N'R; Epoxy-Amine 8.2

For the strongly acidic cation exchange resin saglcross linked polystyrene sulphonic acid
resins, the ion exchange capacity is virtually petedent of the pH of the solutions. For weak
acid cation exchangers, such as those containirfgpxyate group, ionizations, occurs only in
alkaline solution. Similarly weakly basic cationceanger does not work above pH-9.

CONCLUSION

1. The plots of logo vs 1/T is found to be linear in the temperatumegeaunder study, which
indicate that the Wilson's exponential la= o, exg “5€" is obeyed.

2. Electrical conductivity of each of this terpolynresin increases with increase in temperature.
Hence, this terpolymer may be ranked as semiconduct

3. A terpolymer p-COF-Il based on the condensatiorttrea of p-Cresol and oxamide with
formaldehyde in the presence of acid catalyst  wasrepared and

is found to be a selective chelating ion-excharggpalymer resin for certain metals. The
terpolymer resin showed a higher selectivity fof'FE€E/* and Nf* ions than for C&, Zr?",
Cd** and PB" ions.

4. The uptake of some metal ions by the resin wasiechrout by the batch equilibrium
technique. The uptake capacities of metal ionshbytérpolymer resin were pH dependent. From
the results of distribution coefficients, it can bbserved that Cu (ll) has higher value of
distribution ratio. Due to considerable differenpethe uptake capacities at different pH and
media of electrolyte, the rate of metal ion uptakel distribution ratios at equilibrium, it is
possible to use for separation of particular mietad from their admixture.

Contribution of the results to the development of an important area of research
Because of the remarkable properties and the loastr of manufacturing p-COF-I1I terpolymer
resin can have major potential application in vasisectors.

The p-COF-Il has semiconducting nature and whervttiage is passed through the thin film
of this terpolymer resin then it emits light, thismarkable property of this resin make it an
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attractive alternative to form a wide range of smnducting electronic devices, such as
transistors, light emitting diodes, solar cells etc

The ion-exchange capacity of p-COF-II terpolymesinmes 3.98 meqg/gm which indicate that this
resin in better ion-exchanger then some polystyr@me phenolic commercial ion-exchanger.
This remarkable high ion-exchange capacity woukk Ito point out several important
applications, such as in the treatment of waterdfanking and waste water treatment. The p-
COF terpolymer resin can soften the water deioitiaed even be used in desalination. The p-
COF resin can also be used in recovery of valuabdgals at industrial level from waste
solutions.

Acknowledgement

The author is thankful to the Director and Head &&pent of Chemistry, Laxminarayan
Institute of Technology; RTM Nagpur University, Nag for providing necessary laboratory
facilities.

REFERENCES

[1]H. Kimura, Y.Murata, A. Matsumoto, K. HasegawaQhtsuka, A. Fulkudal. Apply. Polym. .,
1999 74(9), 2273

[2]0. Ogbonna, W.L.Jimoh, E.F. Awagu, E.l. Bamishaiyelvances in Applied Science
Research, 2011 2 (2), 62-68

[3]P. K. Rahangdale, W. B. Gurnule, L. J. Paliwal ,BR KharatSynth. React. Inorg. Met. Org.
Chem., 2003 33(7), 1205

[4]L. Gautman, O. L. E. Lyons, Ofganic Semiconductors’, John Wiley, New York1967.

[5]E. M. Genies, A. A. Syed, C. TsintavisMol. Cry<t. Lig. Cryst., 1985,121, 181.

[6]J. S. Dewar, A. M. Talatd. Am. Chem. Soc.,1964,86,1592

[7]P. S. Lingala, L. J. Paliwal, H. D. Juneja, Natidd@minar on Polymers, Chennb99.

[8]T. K. Pal, R. B. KharaDie. Angew. Makromol. Chemie, 1989 173,55

[9]Ratna ,Shelke, Jagdish V. Bharada, Balaji R. Madjea Milind B. UbaleaDer Chemica
Snica, 2011 2 (4), 6-11

[10] B. Shah, A. Shah, N. Patélan. Polym. J., 2008 17, 17

[11] P. K. Rahangdale, W. B. Gurnule, L. J. PaliwalBRKharat,React. Funct. Polym., 2003 55,
265

[12]K. Shankar, S. Aravindan, S. RajendrAdyances in Applied Science Research, 2011, 2 (5),
92-103

[13]N. Renuga Devi, K. Manjusha, P. Lalith&dvances in Applied Science Research, 201Q 1
(3), 247-254

[14] M. R. Luftor, S. SilongEurop. Polym. J., 200Q 36, 2105

[15] S. C. Das)). Ind. Chem. Soc., 200Q 77, 69

[16] S. S. Rahangdale, A. B. Zade, W.B. Gurniiléppl. Polym. ., 2008 108, 756

[17]W. B. Gurnule, P. K. Rahandale, L. J. Paliwal, RKBarat,J. Appl. Polym. Si., 2003 89(3),
886

[18] W. B. Gurnule, . K. Rahandale, L. J. Paliwal, R.KBarat, ReactFunct. Polymer., 2003 55,
255

[19] E. P. M. Pratic, J.N. Barbe, H. D. Juneja, L. JmRd, Europ. Polym. J., 2007,43, 5000

[20] M. M. Patel, M. A. Kapadia, D. P. Patel, J. D. JoBhact. Funct. Polym., 2007, 67, 757.
[21]Oluwaseye Adedirin, Uzairu Adamu , Eddy. O. Nnabller Chemica Snica, 2011
2(5),157-172.

214
Pelagia Research Library



