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ABSTRACT

The terpolymer (2,4-DHACF) synthesized from the polycondensation of 2,4-dihydroxyacetophenone and catechol
with formaldehyde in an acidic medium. The terpolymer was characterized by UV-Visible spectra, FTIR and NMR
spectroscopy. The thermal stability of the polymer was determined by TGA. In addition, the activation energy for the
formation of terpolymer resin was calculated using TGA data by Freeman-Caroll method and Sharp-Went-worth
method. Thermal activation energy (Ea) calculated with above two methods are in close agreement. The surface
features of the polymer were analyzed by scanning electron microscopy (SEM). The thermodynamic parameter such
as free energy change (4F), entropy change (4S), Apparent entropy change(S*) and frequency factor Z are also
determined on the basis of TGA curve and by using data of Freeman-Carroll method.
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INTRODUCTION

Polymers having good thermal stability and catalwctivity have enhanced the development of pelyn
materials. Copolymer acquired a renewed reseatehest in the recent past because of their infegegroperties,
such as thermal stability, ability to bind toxic taleions, exhibition of catalyst, pholuminescenceperties [1-3].
The homopolymer and copolymer of 4-chloro-3-metphlenyl methacrylate possesses excellent antimalrobi
activity due to the presence of free chlorine ia polymeric structure [4]. Metal complexes of Sthiises derived
from 2-furancarboxaldehyde and o-phenylenediamiiy#hiophenecarboxaldehyde and 2-aminothiophenolewer
screened for their antibacterial activity, whicleailly establishes that the metal complexes havee rpotent
antibacterial activity than the parent Schiff bigand [5]. Terpolymer involing anthranilic acid Gthiourea with
paraformaldehyde resin was synthesized and repile@helate polymers of azelaoyl bis-N-pheylhydimic acid
with Mn(ll),Co(ll), Ni(ll) and Zn(ll) were syntheged and found that the Mn(ll) and Zn(ll) chelatessess a
tetrahydral geometry, whereas Co(ll) and Ni(ll) lebes exhibit octahedral geometry [7]. Schiff baséymers such
as poly(N,N-p-phenylene/ethlenebis(salicylideneijnwere synthesized and the thermal stability ol and
Ni(Il) complexes were reported [8]. Chand and Baj®] studied the thermal stabilities of metal i(hdiketone)
polymers and suggested the sequence of thermdlitetalio be Be(ll) > Cu(ll) > Ni(ll) > zZn(ll) > ©(Il). Ozawa
[10] suggested the method of analyzing the thermlytinal data for nonisothermal degradation of icatt oxalate
and nylon-6.
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This article describeghe preparation of new polymer involvin2, 4dihydroxyacetophenor catechol and
formaldehyde monomers. The petymer was characterized by variospectralmethod and studied by non-
isothermaland tested for their thermal stabili

MATERIALSAND METHODS

Materials

2, 4-dihydroxyacetophenonand catechol were procured from Merck, Indind purified by rectified spir.
Formaldehyde (37%) were of AR grade, Merck and wsedeceived. Solvents like N-dimethyl formamide and
dimethylsulphoxide were used after distillati

Preparation of Terpolymer 2, 4-HACF Resin

The tepolymer was synthesized by tpolycondensation reaction of 2 dhydroxyacetophenoi (1.52gm, 0.1mol)
and catechol (1.10gm, Onbl) with formaldehyde7.5ml, 0.2nol) using hydrochloric acid as the reaction med
at 124+2C in an oil bath for 5 hrende refluxed condition with occasional shaking. Thectan mixture was the
cooled, poured into crushed ice with constantistirrand left overnight. The dark brown coloured ypokr
separated out was washed with warm water and ¢attadth diethyl ethe The dried sample was then purified
dissolving in 8 % aqueous NaOH and regeneratedgukirl (v/v) HCl/water with constant and rapid r&tig to
avoid lump formation. The process of reprecipitaticas repeated twice. The polyn2,4-HACF thus obtained was
filtered, washed with hot water, dried in air, poec and kept in vacuum desicator over silica gbk Vield of the
polymer was found to be 82and the reaction route for the synthesis is showig. 1

COCH,

0
RoROLES

2,4-dihydroxyacetophen0ne catechol formaldehyde

2M HCI

124°C l 5 hrs.

COCH,

Rol el

2,4-HACF

Fig. 1: Reaction and suggested structur e of 2, 4-HACF Terpolymer

Characterization

The electronic spectra of the ZHACF polymer sample in pure DMSO was recorded @rdgion 20-800 nm by
Perkin Elmer UV Winlab By Perkir-EImer-983 spectrophotometer an infet spectrum of polymer resin w
recorded in KBr pallets in the wave number regibd@00- 400 cm4 at SAIF, Punjab University, Chandigarh
Nuclear Magnetic Resonanc#{(NMR) spectrum has been scanned on Bruker Advad68dNMR spectromete
using DMSO-¢ at sophisticated Analytical Instrumentation FagilRunjab University, ChandigarThe surface
morphology of 2, 44ACF polymer resin was established by scanningteleanicroscopyat Visvesvarya National
Institute of technology (VNIT), Nagpt From thethermo gravimetric data, which is reported in Tal, the
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thermal activation energies (Ea) and order of feadn) calculated. Also other thermodynamic paremeuch as
free energy change), entropy changeAS), Apparent entropy change(S*) and frequency factare determined.

RESULTSAND DISCUSSION

The synthesized and purified 2, 4-HACF terpolynesim was found to be dark brown in colour. Thedbmer is
insoluble in commonly used solvent, but it is séduim DMF, DMSO, pyridine and conc.,BO,. The terpolymer
resin which has been used in the present investigatas prepared by the reaction given in Fig. 1.

UV-Visible spectra of 2, 4-HACF Terpolymer Resin

The UV-Visible spectra (Fig. 2) of the 2,4-HACFgetymer sample in pure DMSO was recorded in thereg00-
800 nm at a scanning rate of 100 nm Tand a chart speed of 5 cm mirThis terpolymer sample gave two
characteristics bands at 320-350nm and 240-260 Tirase observed positions for the absorption barsde h
different intensities. The band at 240-260 nm miatense band which may be accounted far-ar* transition
while the less intense band at 320-350 nm may ketdun- 1* transition [11]. T- 1t* transition indicates the
presence of aromatic nuclei and * transition indicates presence of —OH group. Thpeanrchromic effect is due
to the presence of — OH group.
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Fig. 2: UV- spectra of 2, 4-HACF Terpolymer

IR spectra of 2, 4-HACF Terpolymer:

Fig. 3 shows the infrared spectra of polymer 2, McH resin. From the spectra it has been revealad ttie
polymer shows broad absorption band appeared & 828 may be assigned to the stretching vibrations of
phenolic hydroxyl (-OH) groups exhibiting intramolgar hydrogen bonding [12]. A sharp strong peak&a3 cnt
may be ascribed to aromatic skeletal ring. The bardained at 1198 cteuggest the presence of methylene ()CH
bridge [13]. The sharp and weak band obtained &4 t2i* suggests the presence of Ar-GAr bridge in polymer.
The 1,2,3,6 substitution of aromatic benzene riagognized by the sharp, medium / weak absorptiordda
appeared at 564, 798, 985, 1021 and 1069 mspectively. This band seems to be merged with moad band of
phenolic hydroxyl group.
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Fig. 3: IR spectrum of 2, 4-HACF Ter polymer

'H NMR spectra of 2, 4-HACF Terpolymer:

Fig.4 shows théH NMR spectra of 2, 4-HACF polymer was scanned M3ID-d; solvent. The chemical shifb)
ppm observed is assigned on the basis of dataablailn literature [14, 15]. From the spectral daltee singlet
appearing at 3.83] ppm may be due to the methylene proton of Ar-@iH moiety. The weak multiple signals
(unsymmetrical pattern) in the region of 6 39ppm may be attributed to aromatic proton (Ar-Aihe signals
appearing at 8.18] ppm may be due to phenolic hydroxyl protons. $tymals in the range of 3&(ppm are due
to the proton of —COCHgroups. The much downfield chemical shift for pblen—OH indicates clearly the
intermolecular hydrogen bonding of -OH group [16]. IThe signal appeared in the region at 228pm is due to
the methylene proton of Ar-Gibridge [17].
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Fig 4: '"H NMR spectral data of 2, 4-HACF Terpolymer

Scanning Electron Microscopy of 2, 4-HACF Terpolymer:

Fig. 5 shows the SEM image of the polyr2ed-HACF. The morphology of the reported resin san)ld-HACF
was investigated by scanning electron micrographdiflerent magnification. It gives the informatiaf surface
topography and defect in nature. At lower magnifaathe polymer shows spherulites and friged madethich
the crystals are arranged smaller in area with mtwsely packed structure. This indicates the atijge nature of
the polymer. Surface analysis has found great msmderstanding the surface features of the mégetitpwever,
more predominantly the polymer is amorphous and tiiiange of crystalline into amorphous is due ® th
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condensation [18]. The image of polymer clearlyigates a less close packed structure with highgiiyror voids.
The amorphous character indicates that resin tbasgsses higher exchange for metal ions. The mioghthus
identified by SEM as crystalline as well as amorgheor transition between crystalline and amorphshswing
more or less good ion exchange capacity.

10kV  X1,000 10pm 12 50 SEI

Fig 5: SEM micrographs of 2, 4-HACF Terpolymer

THERMOGRAVIMETRIC ANALYSIS (TGA)

Thermal decomposition of 2, 4-HACF terpolymer sanplas been carried out using Perkin-Elmer thermo
gravimetric analyser in air atmosphere with heatiatg of 16C/min. A brief account of thermal behavior of 2,4-
HACF terpolymer is given in Fig. 6.
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Fig. 6: Thermogram of 2, 4- HACF Terpolymer

TGA of 2, 4-HACF Terpolymer

Thermogram of TGA of this polymer is shown in F&g.In order to explore the thermal degradation ystofd2,4-
HACF terpolymer resin, the thermo gram has beediestuminutely. Thermogram of 2, 4-HACF terpolymesin
depicts four step decomposition in the temperatange 50-54%C . The first step is slow decomposition between
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50 — 96C corresponds to loss of water molecule (4.8% foamdl 4.77% calculated). The second step
decomposition start from 90-2%D corresponds to degradation of three hydroxyl grethich is attach with
aromatic and benzene ring (18.30% calculated an@4%8 found). The third step which is in the rang®-200C
corresponds to the loss of benzene ring, one snlptyroup along with two methylenic groups (66.8d&tculated
and 66.90% found). The fourth step correspond®gs bf complete polymer (100% calculated and 106e6d)
which represent total loss of remaining quinolingiety in the range 400-54G.

In the present investigation Sharp-Wentworth aeérran-Carroll methods have been used to deteriminkirietic
parameters of 2, 4-HACF terpolymer sample.

Sharp-Wentworth method:
Using the equation derived by Sharp-Wentworth [1],

Log [(dc/dT)/ (1-c)] =log (M) — [Ea/2.303R].L/T e, (1)
Where,

dc / dT = rate of change of fraction of weight withange in temperature.
B = linear heating rate dT / dt.
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Fig 7: Sharp-Wentworth plot of 2, 4-HACF Terpolymer

By plotting the graph between (dc/dT)/(1-c) vs W& obtained the straight line which gave energwpaifvation
(Ea) from its slope. Whetis the conversion at time t, R is the gas consiadtT is the absolute temperature. The
plots Fig. 7 give activation energies at differstatges of degradation reaction take place.

Freeman-Carroll method:
The straight- line equation derived by Freeman @artoll, which is in the form of n

[Alog (dw/dt) ]/Alog Wr = (-E/ 2.303R) A(L/T)/ AlogWr+n — cemmeeee (2)
Where,

dw / dt = rate of change of weight with time.

Wr = We-W

Woc = weight loss at completion of reaction.
W = fraction of weight loss at time t.

Ea = energy of activation.

n = order of reaction
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Fig. 8: Freeman-Carroll plot of 2, 4-HACF Ter polymer
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Fig. 9: Freeman-Carroll plot of 2, 4-HACF Terpolymer

A graph of percentage mass loss versus temperatsteown in Fig. 6 for 2, 4-HACF terpolymer. FrohetTG
curve, the thermo analytical and the decompositemperature were determined (Table 1) to obtainttieemal
stability of the polymer. The method described blyaip —Wentworth was adopted. Based on the initial
decomposition temperature, the thermal stabilityhef polymer has been used here to define its tiestability,
neglecting the degree of decomposition.

Table 1: Results of Thermo gravimetric Analysis of 2, 4-HACF Terpolymer

Activation Free
Half 3 energy Entropy energy Frequency Apparent Order of
Copolymer decomposition change entropy  reaction
f (KJ/mol) change factor Z
Resin temp. AS AF (sed)) S* found
® FCooswo ) 4o 0) ©)
2,4-HACF 533 22.78 23.93 -298.58 181.92 339 13.6 0.98

With the help of thermal decomposition data and 8tarp-Wentworth method Fig. 8, activation energy i
calculated which is in agreement with the activatimergy calculated by Freeman-Carroll method 8Fighermal
activation energy plot of Sharp-Wentworth metho@(F) and Freeman-Carroll method (Fig. 8) for gutymer
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have been shown. Thermodynamic parameters suchtiapy change/S), free energy changéK), frequency
factor (Z) and Apparent entropy (S*) calculatectios basis of thermal activation energy are givenabhle 1.

DISSCUSSION

Using thermal decomposition data and then applyirg Sharp-Wentworth method Fig. 7, activation epdsy
calculated which is in agreement with the activatemergy calculated by Freeman-Carroll method, 8if19].
Thermal activation energy plot of Sharp-Wentwortbtihod (Fig. 7) and Freeman-Carroll method (Figfo8)the
polymer have been shown. Thermodynamic parametens as entropy change (DS), free energy change, (DF)
frequency factor (Z) and Apparent entropy (S*) oédted on the basis of thermal activation energygiven in
Table 1, By using the data of the Freeman-Carrethwod, various thermodynamics parameters have deenlated
(Table 1). From the abnormally low values of freguefactor, it may be concluded that the decomjmositeaction

of 2,4-HACF terpolymer can be classed as a ‘sl@action. There is no other obvious reason. Failydgstraight
line plots are obtained using the two methods. Ehexpected since the decomposition of polymémiswvn not to
obey first order kinetics perfectly [20, 21].

CONCLUSION

Terpolymer 2,4-HACF based on the condensation imaaif 2,4-dihydroxyacetophenone and catechol with
formaldehyde in the presence of acid catalyst, pr@pared. In TGA the kinetic parameters evaluateth fthe
Sharp-Wentworth and Freeman-Carroll methods@red to be similar, indicating the common reactinade.
The resins undergoes degradation at high temperatuficates that the copolymer resins under studythermally
stable at elevated temperature. Low value of fraquéactor may be concluded that the decompositagtion of
2,4-dihydroxyacetophenone -catechol-formaldehydgrper can be classified as ‘slow reaction’.

Acknowledgement
The authors express their sincere thanks to Pahcipriyadarshini college of Engineering, Nagpurdia for
cooperation and for providing necessary laboratacifities.

REFERENCES

[1] A Anthonysamy, S Balassubramaniémorg Chem Commun , 2005, 8:908

[2] L. A. Belffiore, M. P. M Curdie, P. K. DasPolymer , 2001, 42:9995

[3] M. Karunakaran, A. Burkanudee@rjent J Chem, 2002, 18:65

[4]J. N. Patel, M. B. Dolia, K. H. Patel, R. M. PateRolym Res , 2006, 13:219

[5] G. G. Mohamed, M. M. Omar, A. M. Hindyyr J Chem, 2006, 30:361

[6] A. Burkanudeen, M. Karunakara@rjent J Chem, 2003, 19:225

[7]1V. V. Ukey, H. D. JunejaJ Appl Polym Sci, 2006, 99:273

[8] M. Tuncel, A. Ozbulbul, S. SeriReact Funct Polym, 2008 ,68:292

[9]J. S. Chand, J. C. Bailat, Inorg. Nucl. Chem. 1962, 24, 1225

[10]T. Ozawa . Therm. Anal., 1976, 9, 369

[11]R. M. Silverstein, G. C. Bassler, T. C. Morrill, g8ctrometric Identification of organic compound”3dli.
1991, John Wiley and Sons. Inc. Priented in Singapor.

[12]P. K. Rahangdale, W. B. Gurnule, L. J. Paliwal,BR Kharat, SynthReact. Inorg. Met. Org. Chem., 2003,
33(7), 1187-1205

[13]R. K. Samal, B. K. Senapati, T. B. BehurdyAppl. Polym. ci., 1996, 62, 655-660

[14]B. S. Furniss, A. J. Hannaford, P. W. G Smith,RA. Tatchell, “Vogel's Text Book of Practical Organi
Chemistry, AddisoiWestey Longman Ltd. England, First ISE Reprint998.

[15]R. T. Morrison, R. N. Boyd, “Organic Chemistry, 8ixEdition, Prentice Hall of India Pvt. Ltd., NeweDi,
1996.

[16]G Barth Howard, W Mays Jimmy, “Modern Methods oflyaer Characterization,” A Wiley Interscience
Publication,John Willey and Sons, New York,1991, 228.

[17]A. S. Aswar, R. G. Mahale, P. R. Kakde, S. G.d&mge,J. Ind. Chem. Soc. 1998, 75:395.

[18]N. A. Nadia Ahmed Mohamed, A. O. Abeer Obaid Hamdossary, Polymer Degradation and Sability,
2003, 79(1), 6175.

[19]A. S. Aswar, R. G. Mahale, P. R. Kakde, S. G. BingéaJ. Ind. Chem. Soc., 1998, 75, 395.

50
Scholar Research Library



Jivan R. Dontulwar et al Der Pharmacia Lettre, 2013, 5 (5):43-51

[20]N. A. Nadia Ahmed Mohamed, Al Abeer Obaid Hamad $20g A O.,Polymer Degradation and Sability,
2003, 79(1),6175.

[21]P. K. Rahangdale, L. J. Paliwal, R. B. Khar@tansition of the SAEST., 2000, 35 (1),16-18.

51
Scholar Research Library



