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ABSTRACT

Resin abbreviated as HBSE-I was synthesized by polycondensation in the presence of polyphosphoric acid as a
catalyst using monomers p-hydroxybenzaldehyde (0.1M), succinic acid (0.1M) and ethylene glycol (0.3M) at 120°C.
The molecular weight was determined by non-aqueous conductometric titration. Terpolymer was characterized by
elemental analysis, FT-IR, *H NMR and UV-Visible spectroscopy. Thermokinetic parameters were calculated by
using Freeman-Carroll (FC) and Sharp-Wentworth (SW) methods in the temperature range 345-446°C. The values
of the activation energy (Ea), frequency factor (A), apparent entropy change (AS*) and free energy change (AG)
were in good agreement. The order of degradation obtained by the FC method was found to be 1.91 which was
further confirmed by SW method.

Keywords: Thermal activation energy, Thermal degradatiaslyédndensation, Order of degradation, Free energy,
Terpolymer.

INTRODUCTION

The synthesized terpolymer showing versatile apfibos and properties attracted the attention @ngsist and
introduced the innovation in the polymer chemistfgrpolymeric resin has been subjects of interestniany
decades for day to day application. Terpolymersumed in electrical sensors and electronic deviteh as a
computer chip and electrical materials [1]. Terpadyic resins with good thermal stability have erdeshthe scope
for development of polymeric materials having desgiapplication at elevated temperature [2-13].

Nandekar et al studied the thermal behavior of r®gized copolymer derived from salicylic acid and
thiosemicarbazide [14F-elix et al studied the thermal behavior and deamsitipn kinetics of Salbutamol under
isothermal and non-isothermal conditions [11].our laboratory, extensive research work has legried out and
reported on the synthesis, characterization, theiegradation, electrical conductivity and ion excbe on
terpolymer [16-21]. Present communication dealsstinely of thermal degradation and thermokinetiapeaters of
HBSE-I terpolymer by Freeman-Carroll and Sharp-Wenth methods.

MATERIALS AND METHODS

2.1 Chemicals

All chemicals used as starting materials in thetlsgsis of terpolymer were of AR or chemically pgrade. The
chemicals such as p-hydroxybenzaldehyde, succaiit; athylene glycol, polyphosphoric acid were aitd from
s. d. fine chemicals, India.
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2.2 Synthesis of HBSE-I terpolymer resin

The HBSE-I terpolymer resin was synthesized by gmtglensation, to a well-stirred and ice-cooled orixtof p-
hydroxybenzaldehyde (0.1M), succinic acid (0.1My athylene glycol (0.3M), polyphosphoric acid wakied
slowly as a catalyst with continuous stirring. Tieaction mixture was left at room temperature forn3in and
heated in an oil bath at 1%D for 6.30 hrs. The reaction mixture was then cdofured on crushed ice and left
over night. A reddish brown solid was separated ©he crude product was squeezed with ether so esntove
succinic acid-glycol copolymer which might be fordn@long with HBSE-I. The terpolymer was furtherified by
dissolving in 0.1N NaOH solution and precipitateg dropwise addition of 1:1 HCI with constant stigi The
product was washed several times with hot watercatdiwater. The product was air dried and keptaocuum over
silica gel. It was collected by filtration and washwith cold water and hot water several timestoave impurities.
Yield was found to be 76 %. The scheme of synth&si$BSE-I is shown in figure 1.
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Figure 1 Synthesis scheme of HBSE-I terpolymeric resin
RESULTS AND DISCUSSION

HBSE-I terpolymer was reddish brown in color antubte in DMSO and NaOH solution where as insoluble
acids and common organic solvents.

3.1 Elemental analysis and molecular weight determation (mn )
Elemental analysis has been carried out in CIMFR ttagpur by analytical functional testing Varid@RO CHN

elemental analyzer. The number average moleculayghivéMn ) was determined by non-aqueous conductometric
titration in DMSO using 0.1M KOH intitrantte alcohas titrant [22]. From the graph of specific cootiunce

against miliequivalents of KOH, first and last kgavere noted .The degree of ponmerizatiW) and the
number average molecular weightli ) have been calculated using equations (1) and (2),
——  Total Meqg. of base required for last break

= .. 1
P Meq. of base required for  first break @

Mn =Dp x Repeatunitweight (2)

The repeating unit weight was obtained from elemleahalysis. The elemental analysis and moleculeight
determination data of HBSE-I terpolymer are talmdan table 1.
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Table 1 Elemental analysis data,Dp and molecular weight of HBSE-I

%C %H ) | o Mol. Weight
cal. Found| call Found Mol. Formula of repeating unit  Mol. Wt. Of repedafinnit Dp (_Mn |
63.75| 63.68| 6.25 6.19 162006 320 15 4800

3.2 FT-IR Spectrum

FT-IR spectrum of HBSE-I terpolymer was recordedegartment of pharmacy, R.T.M. Nagpur Univerdiggpur

using FT-IR spectrometer, Shimadzu, model no. 81@ite range of 4600-500 cmThe IR-spectrum of HBSE-|
terpolymeric resin is shown in figure 2.
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Wave number (cm)

Figure 2 FT-IR spectrum of HBSE-I terpolymer

A broad absorption band appeared in the region 8487was assigned to the stretching vibrations of pherfe
OH) group exhibiting intermolecular hydrogen borglifthe presence of peaks at 2920'@nd 2845 cil were due

to the —C-H- stretch in the aldehyde (doublet duEermi resonance). A peak at 1674 owas due to C=0 stretch
(ester). A peak appeared at 1654 cwasdue to the C=0 band (an aldehyde). A Peak at 1603was due to
aromatic-ring present in HBSE-I. A peak appearet4d9 cni was due to methylene bridge coupled with aromatic
ring. Peaks appeared at 1421 cand 1359 ci were assigned to the plane bending vibration ehplic —OH. A
peak appeared at 1356 ¢was due to aldehyde C-H bend. The broad bandagisglat 1219 cthwas due to the
C-O-C stretch (saturated ester) group. A peak &7 in' was due to O-C-C band stretch in HBSE-I. 1, %-3,
tetra substitution of aromatic ring was assignee uthe peaks at 1093 ¢rand 972 cril. The presence of peak at
831 cm' was due to the -CH(wagging) [23-24]. FT-IR spectral data of HBSE-igelymer is tabulated in table 2.

Table 2 FT-IR frequencies of HBSE-I terpolymer

Observed frequency (ch | Assignment

3437 (b) -OH bonded (phenolic)

2920 (w), 2845 (w) C-H stretching in aldehyde (detidue to Fermi resonance)
1674 (w) C=0 stretch (ester)
1654 (w) C=0 band (aldehyde)
1603 (s) Aromatic-ring
1479 (w) CH bending

1421 (w), 1359 (w) -OH bending (phenol)
1356 (w) Aldehydic C-H bending
1219 (b) C-O-C stretch (saturated ester)
1167 (w) The O-C-C band stretch

1093 (w), 972 (b) 1,2,3,5 tetra substituted aroonatig
831 (w) -CH-wagging

(M) = medium, (b) = broad, (s) = sharp, (w) = weak

3.3'H NMR Spectrum

'H NMR spectrum of HBSE-I terpolymer using DMS®-solvent was scanned on NMR spectrophotometer
SAIFNM100820A, at Sophisticated Test and Instrumton Center, Cochin University, Kerala, India. The
NMR spectrum of HBSE-I terpolymer is shown in figi8.
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Figure 3*H NMR spectra of HBSE- | terpolymer

The 6 in 1.1 dppm was of -El,- in HBSE-I. The signal at 2.53ppm was due to DMSO solvent. Signal at 3.8
oppm was attributed to K-OH moiety. The signal at 6.9ppm was due to aromatic ring protons in HBSE-I. The
signal at 7.7 3ppm was due to the aldehydic proton [26]NMR spectrum data are tabulated in table 3.

Table 3*H NMR spectrum data of HBSE- | terpolymer

Chemical shif ppm | Nature of proton assigned
1.1 -CH,-
25 DMSO solvent
3.8 CH-OH
6.9 Aromatic proton (Aromatiét) (asymmetrical substitution pattern)
7.7 -HO
3 -
o
o
c
1]
2 15 -
o
w
=)
<
0 T T T
200 400 600 800 1000
wavelenght (nm)

Figure 4 UV-Visible spectrum of HBSE-I terpolymer

108
Scholar Research Library



Amit N. Gupta et al Der Pharmacia Lettre, 2013, 5 (2):105-112

3.4 UV-Visible spectrum

UV-Visible spectrum of HBSE-I terpolymer in DMSO Igent recorded by UV-Visible double beam
spectrophotometer, Schimadzu, model-1800 at thartapnt of nanotechnology, Shivaji Science College,
Nagpur. The electronic spectrum of the HBSE-I tenper is shown in figure 4.

A peak at 257.5 nm was assigned to*rtransition for ether (—O-) group and peak at P6&n was assigned &
transition for aromatic ring. o* transitions at 280.0 nm was due to -CHO group.[Z8F UV-Visible spectrum
data are tabulated in table 4.

Table 4 UV-Visible spectrum data of HBSE-I terpolyner

Transition | Wavelength (nm)  The group assigned
n-[1* 257.5 Ether linkage (—O—
ooo* 265.0 Aromatic ring
n-[1* 280.0 -CHO group

3.5 Thermogravimetric Analysis

The thermogram of HBSE-I was recorded at DepartrobiMaterial Science, VNIT, Nagpur using Perkin Eim
Diamond TGA/DTA analyzer. TG parameter calculatgdabplying an analytical method proposed by Freeman
Carroll and Sharp-Wentworth [27-31].

3.5.1Freeman-Carroll method:
In this method, activation energy and order of ddgtion are related to equation (3),

Alog(dwldt):[_ Ea }XA(“T)H] ................. 3)
Alog W, 2303R] AlogW, '

Where, (dw/dt) = Rate of change in weight with time

Wr = Difference between weight loss at completidrreaction, and at time t, Ea = Energy of activatand n =

Order of reaction. The plot of A log(_ dw /dt ) verses A 1/T) isa straight line, with a slope of (-
A log Wr A log Wr

Ea/2.303R). Energy of activation (Ea) determinedriithe slope and order of reaction (n) obtaineth wie help of

intercept.

3.5.2 Sharp-Wentworth method

(dald) oqg A__E& @

log
@a-a)" 4 2303 RT

Equation (4) has been used to evaluate the kipatiameters. Where, ¢ftit) = Fraction of weight loss with tim§,

= Linear heating rate, A = Frequency factors Fraction of molecule decomposed. By plotting gneph between

log (da /dt) versesl | the straight line graph obtained with a slop&-Bf/2.303R) from which activation
a-a)" T

energy calculated and frequency factor (A) evallidtem intercept. The change in apparent entray*) and

change in free energpG) calculated by further calculations.

Thermogram of HBSE-I terpolymer is shown in figéreThe HBSE-I terpolymer was allowed to heat up@e@C

in argon atmosphere at a linear heating rate 8€ 1@in". The decomposition of HBSE-I terpolymer resin was
studied between 345-4%. FC and SW plots are shown in figure 6 and figareespectively. Thermokinetic
parameters are tabulated in table 5.
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Figure 5 Thermogram of HBSE-I terpolymeric resin
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Figure 6 Freeman — Carroll plot of HBSE-I terpolymeric resin

Table 5 ThermokineticParameters of HBSE-I Terpolymeric resin

Terpolymer HBSE-I
Temperature range (°C) 345°@146°C
Method FC SW
Activation energy (Ea) in kJ 31.50 28.9%
Frequency factor (A) in mih 12.37 12.32
Apparent entropy changa$*) in JJK | -229.33| -229.36
Free energy changa@) in kJ 160.66| 158.15
Order of reaction (n) 1.91 1.91
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Figure 7 Sharp-Wentworth plot of HBSE-I terpolymeric resin

Thermokinetic parameters have been calculated erb#isis of thermal activation energy. It has beamd that
from table 5, the values of thermokinetic paransetegre comparable indicating common reaction ma&ae3f].

CONCLUSION
The results so obtained reveals following importaniclusions

1) The elemental analysi§T-IR, *H NMR and UV-Visible spectroscopy study, is in goagreement with the
assigned tentative structure of HBSE-I terpolymegsin.

2) The thermal activation energies (Ea), appareniopptchange AS*) and free energyAG) are determined by
Freeman-Carroll and Sharp-Wentworth methods agead agreement.

3) Abnormal low values of frequency factor were duestow’ degradation the decomposition reaction &3$E-I
terpolymer. The negative values for entropy indidathat the activated polymer has a more orderedtate than
the reactants and the reaction was slower than aloifhis was further supported by the low valudrefjuency
factor.

4) The order of degradation n= 1.91 calculated from ittercept of FC-plot satisfy SW-equation with doo
approximation hence confirms the said order of degtion.

5) HBSE-I terpolymer resin is found to be thermallgide below 15¢C.
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