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ABSTRACT

Copolymer resins (8-HQ-5-SAUF) were prepared by the condensation of 8-hydroxyquinoline 5-sul phonic acid, urea
and formaldehyde in the presence of hydrochloric acid as catalyst with varying the molar ratio of reacting
monomers. Compositions of copolymers have been determined by elemental analysis. The number average

molecular weights (Mn) have been determined by conductometric titration in non-aqueous medium. Electronic

spectra, infrared spectra and nuclear magnetic resonance spectra were studied to € ucidate the structure. Detailed
thermal degradation study of the new copolymer resins have been carried out to ascertain its thermal stability.
Thermal degradation curve is discussed which shows three decomposition steps after the loss of water molecule.
Sharp-Wentworth and Freeman-Carrol methods have been used to calculate activation energy and thermal stability.
The activation energy (Ea) calculated by using Sharp-Wentworth method has been found to be in good agreement
with that calculated by Freeman-Carrol method. Thermogravimetric parameters such as free energy change (4G),
entropy change (4S), apparent entropy change (4F), frequency factor (Z) have also been evaluated on the basis of
the data of Freeman-Carrol method. The order of reaction (n) isfound out to be 0.99.

INTRODUCTION

Very few systems are reported showing the relatietween thermal stability and structure of the ¢gpers. A
variety of thermally stable polymers have been tsgsized and the sequence of their thermal sta&siltias been
predicted from their TG data. 8-Hydroxyquinoline mitenol derivative like ortho-amino phenol condehsgéth
formaldehyde have been reported [1].

8-Hydroxyquinoline (8-HQ) and its derivative aredely used as complexing agents in various applinatdue to
their good complex forming ability [2-4]. Kannandanoworkers [5] have synthesized 8- acryloyloxyngline (8-
AQ) and polymerized it in MEK at 7Q using BPO initiator. Polychelates were obtaifrech an aqueous solution
of Th (Il) / Cd (II) / Zn (1) / Ni () and Mg (I) ions when added to the polymer in aqueous NaQtd. IR spectra
of these poly-chelates suggest that metals aredo@ded through oxygen atom of the ester carbongl\aith the
nitrogen atom.

Liu and coworkers [6] studied the interactions ehtly metal ions and chelating ion exchange resitagaing 8-
hydroxyquinoline (8-HQ). The resin has good selgtstito exchangeable adsorption of heavy metal iogkiding
Cu (1), Hg (1), Pb (1) and Mg (II) under pH 58nd also suggested that the chelating ion exchasje containing
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8-HQ could be used to enrich heavy metals in watertheir analysis.

The study of the thermal degradation of copolynesins have recently become a subject of interesthé
degradation of metal salt polymers, the naturéhefrhetal ion has a major influence on the pattémtegradation
[7]. The modifications induced by the presencerahsition metal ions in the thermal behaviour ofypwer salts
which is clearly indicated in this work have beemfirmed by Gabriela et al [8], revealed that th&abytic effect of
cobalt ions on thermal behaviour of polymers aftbet whole thermal degradation and reduced thaliriitermal
stability.

Gurnule and coworkers [9] have synthesized the Bdxyquinoline-melamine-formaldehyde copolymer mesin
the view of the interesting characteristics esplgcibermal analysis. From this department, a nundfestudies on
such copolymers have been reported [10]. Howeverwork seems to have been carried out on synthesis,
characterization, ion exchange properties and thkestability of the copolymer resins from 8-hydrgxynoline 5-
sulphonic acid, urea and formaldehyde. The preaditle describes the composition of these newhttsysized

resins, their characterization by elemental anglyaverage molecular Weig}"(tMn) determination, intrinsic

viscosity in DMSO, IR-spectra, UV-visible spectNiVIR spectra and thermal analysis giving their reéathermal
stabilities.

MATERIALSAND METHODS

Experimental

Synthesis of 8-HQSUF-1 Copolymer:

A mixture of 8-hydroxyquinoline 5-sulphonic acid .42 gm, 0.1 mole), urea (0.606 gm, 0.1 mole) and
formaldehyde (7.0 ml of 37%, 0.2 mole) in the preseof 200 ml 2M hydrochloric acid (HCI) as a cgsalwas
heated in an oil bath at 126 for 5 hrs, with occasional shaking [11, 12]. Begarated resinous product (8-HQ-5-
SAUF) was washed with hot water and methanol tooremunreacted monomers. The resinous product sinelbit
was washed with cold water, dried in air and powdeiThe powder was washed with hot water and dber:d
resins were then extracted with diethyl ether fod by petroleum ether to remove 8-hydroxyquinobrsulphonic
acid-formaldehyde copolymer, which might be presdang with 8-HQ-5-SAUF copolymer. The resin wasifted

by dissolution in 8% NaOH and reprecipitation bpmwise addition of 1:1 (V/V) HCI, with constant camapid
stirring to avoid lump formation. The process rejpation was repeated twice. The copolymer re&iHQ-5-
SAUF-I so obtained was filtered, washed with hotteradried in air, powdered and stored in vacuunerov
anhydrous CaC9 were recorded in nujol mull with Perkin Elmeresprum RX-I spectrophotometer in the range of
4000 -500 cnt. Proton NMR spectra were recorded with Bruker Aet 400 MHz proton NMR
spectrophotometer and DMSQ-das used as a solvent.

Table 1 :Synthesis of 8-HQ-5-SAUF copolymer resin

Reactant Catalyst
o] urea | Eovel] v | et esn | o | i | (ELPOELS o
. P ) ‘v y (aq) 0 P- 1 Abbreviation | of reactants| % po P
8-HQSUF (mole) F (ml) ("C) (°C)
(mole) (mole)
0.1 0.1 0.2 200 126 8-HQSUF- 1:1:2 72 238
0.2 0.1 0.3 200 126 8-HQSUF-I 2:1:3 69 246
0.3 0.1 0.4 200 126 8-HQSUF-III 3:1:4 65 255
0.4 0.1 0.5 200 126 8-HQSUF-I 4:1:5 62 262

RESULTSAND DISCUSSION

All the newly synthesized, purified copolymer resi8-HQ-5-SAUF) were found to be light yellow inla@or. The
copolymers are soluble in solvent such as DMF, DM&W@ THF while insoluble in almost all other organi
solvents. The resins synthesized do not show #shalting point but undergo decomposition above %Z38Table
1).

All the four 8-HQ-5-SAUF copolymer resins have besralyzed for carbon, hydrogen and nitrogen confEme
elemental analysis data are in good agreementthéthheoretical (calculated) data. The number @eeraolecular

2461
www.scholar sresear chlibrary.com



Sanjiokumar S. Rahangdale Der Pharma Chemica, 2012, 4 (6):2460-2465

weight (Mn) of the copolymer resin was determined by non-agsiemnductometric titration in DMF against

KOH in a 50% (v/v) DMF/alcohol mixture using 100 m§resin sample. A plot of specific condu-ctangaiast
the milliequivalent of potassium hydroxide requifed neutralization of 100 g of copolymer was malspection
of such a plot revealed that there are many briea#tse plot. From this plot, the first and the lagtak were noted.

The calculation of(ﬁn) by this method is based on the consideration |3{1) The first break corresponds to

the neutralization of more acidic hydroxy groupalif the repeating units: and (2) the second breathé plot
beyond which a continuous increase in conductanobserved, represents the stage at which the lihéydroxy

group of all repeating units is neutralized. Therage degree of polymeri-zati(iﬁ:’) is given by the relation

DP = Total milliequivdent of baserequire( for complet« neutralizition
Milliequivaleni of basefor smalles interval

The number average molecular Weig(fﬁn) could be obtained by multiplying thﬁ) by the formula weight
of the repeating unit [11].

The electronic spectra of all the 8-HQ-5-SAUF copmér resins give rise to a similar pattern. Thectpeof these
copolymers exhibit two absorption maxima in theilsag240 to 260 and 320 nm. The intense band an®d20s due

to the {t - n*) allows the transition of 8-hydroxyquinoline Stgbionic acid moiety which readily attains coplabari
and shoulder merging (loss of fined structure) ban260 nm may be due to (n*) forbidden transition in aliphatic
carbonyl compounds [12]. The bathochromic shiftrfrthe basic value, viz 260 and 320 nm respectivaby be

due to the combined effect of conjugation and phetydroxy group (auxochrome) [13].

The IR spectral studies of 8-HQ-5-SAUF resin regdahat all these copolymers give rise to neartyilar pattern
of spectra. The assignment of vibrational frequencs mainly based on the data available in tleedlitire. A broad
band appeared in the region 3406 -3449'emay be assigned to the stretching vibrations @&hnplic hydroxy (-
OH) groups exhibiting intermolecular hydrogen benpj14]. The broad band displayed at 1630 -1632 omy be
due to the stretching vibrations of carbonyl gr¢a@=0) of both ketonic as well as urea moiety [IHje presence
of -NH in urea moiety may be assigned due to sharl at 3045 -3070 ¢hi15]. The sharp band at 1549-1601 cm
! may be ascribed to an aromatic skeletal ring [A63harp peak at 1338 -1348 ¢may be due to the stretching
vibration of sulphonic acid group [16]. The bandsgained at 790, 1184 and 1373 tisuggests the presence of
methylene bridges [16] in the polymer chain. Thg B8 tetra-substitution of aromatic ring is redagd from the
bands appearing at 955, 1043, 1112 and 1231respectively [17].

Proton NMR spectra of all copolymer resin show ipldtsignal (unsymmetrical pattern) in the regiob27 7.48

(8) ppm, which is due to aromatic protons [17]. Ansibappearing in the region 8.81-8.8J ppm can be assigned
to the proton of the phenolic -OH group in hydrogemding [ 17]. A weak signal at 3.63 - 4.3 fpm may be due

to the proton of -NH- bridge [17, 19]. A signalZab3 - 2.58 § ppm may be assigned to methylenic proton of an
Ar-CH,-NH-CO moiety [17]. The sulphonic acid group praaf Ar—-SQH moiety may be identified by the intense
peaks at 10.16-10.28)(ppm [17]. A very weak signal in the region of 3.8.9 §) ppm may be due to the presence
of HQ-5-SAUF copolymer as a impurity associatechveibpolymer resins.

Thermogravimetric Analysis of 8-HQ-5-SAUF Copolymers:

Examination of thermograms and TG data of thesg85-SAUF copolymer resins revealed that the sartgde
nearly 1.7 to 5.5% of its weight when the tempemtuas raised to 98C. This initial weight loss may be due to
solvent or moisture entrapped in the copolymer dasnfi8]. Thermograms of all the 8-HQ-5-SAUF copoérs
have exhibited three stages of decomposition, &t of water molecules. The temperature randgestf second
and third decomposition stage for different copatyns found to be different. The first stage of @mposition
represents degradation of hydroxyl and sulphonid gmoup i.e. -OH and —S@ groups linked to aromatic ring.
The second stage of decompo-sition correspondss®df aromatic nucleus from the polymer. The tisiate of
decomposition may be assigned to removal of quieatiucleus and methylene bridge. The degradatiapedies
with their corresponding perce-ntage mass lossrimzarized in.
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TG of 8-HQSUF-1 Copolymer:

Thermogram of the copolymer resins depicts foypsstiecomposition in the temperature range 30%61F he first
step slow decomposition between 30%D corresponds to 5.3% loss, which may be attribtitetbss of water
molecule against calculated 5.5% present per repegbf the polymer. The second step decompositarts from
90-410°C which represents degradation of hydroxyl and lsutic moiety (35.8% found and 35.47% cal.). The
third step decomposition start from 410-48Dcorresponding to 49.5% loss of aromatic nucleanst calculated
50.45%. The four step decomposition of side chaimf450-615'C corresponding to removal of quinoline nucleus
and methylene bridge of polymer (81.4% found and2®@% cal.) and consequently residue remained may be
assigned as urea moiety (18.6% found and 17.74% cal
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Fig. 1. Thermogravimetric Analysis of 8-HQSUF -1 copolymer
DISCUSSION

In the present study, in case of 8-HQ-5-SAUF copaythe removal of water from the polymer is cortgpkround
100°C. The water is probably crystal weight loss cquoesl to water molecule in 8-HQ-5-SAUF-I, 8-HQ-5-SAU
I, 8-HQ-5-SAUF-IIl and 8-HQ-5-SAUF-IV. The obsemeveight loss is a little higher than required lie region
and this may be due to some other chain degradagamtion involved in the pyrolysis of the copolys&7].

By using thermal decomposition data and then apglyhe Sharp- Wentworth method [26] activation gpes
calculated, which is in agreement with the activatienergy calculated by Freeman-Carroll method.[18]
representative thermal activation energy plot ardefan-Carroll plot have been shown. Thermodynamic
parameters have been calculated on the basisrafidhactivation energy.
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Fairly good straight line plots are obtained usibmjh methods. However, in the Freeman-Carroll nektremme
abnormal points were ignored to get a clear picalseut most of the point. Similarly, in the Shargtivorth
method, some points at the beginning or at the dédddhot fall on the straight line. This is expectddce the
decomposition of copolymer is known not to obesgtfiorder kinetics perfectly [7, 12]. These obsédorat are in
harmony with the findings of Jacobs and Tomkin [a8Y other earlier workers [19].

On the basis of all the physicochemical and themttagh and foregoing results and discussions the probable
structures have been proposed for 8-HQ-5-SAUF gopet resins under investigation.

Table 2: Results of Thermogravimetric Analysisof 8-HQSUF-I Terpolymers

Tempera % weight loss
ture Stage of .
Terpolymer range Decomposition Species degraded Found Calc.
(c)
8-HQSUF-I 30-90 - Loss of water molecule 53 % %5
90-410 First Loss of hydroxyl and sulphonic moiety 35.8 % | 35.47 %
410-450 Second Loss of aromatic nucleus 49.5 % 4550
450-615 Third Removal of side chain of biuret pody | 81.4 %| 82.26 9
Table 3: Kinetic Parametersof 8-HQSUF-I Terpolymers
Entro Free Frequenc Apparent | Order of
Sr. Py energy & Y entropy reaction
Terpolymer change factor
No. AS(Q) change Z(sY change
AF (KJ) S (KJ) N
1. 8-HQSUF-1 | -8.3866 22.58 814 -22.98 11
2. 8-HQSUF -II | -8.2705 16.70 457 -23.56 1.2
3. 8-HQSUF Il | -8.1751 19.11 794 -23.00 0.98
4. | 8-HQSUF -IV | -8.2286 18.96 630 -23.24 0.99

FC = Freeman-Carroll Method.
SW = Sharp-Wentworth Method.

CONCLUSION

The polymer degradation is made in three stagés, laks of water molecule. The evaluating kinetiaracteristics
by means of Sharp- Wentworth and Freeman-Carrothous suggest the complexity of the thermal dediania
mechanism. The thermal and kinetic characterigtitabled the determination of a series of analyzgzblymer
thermostability, 8-HQ-5-SAUF-IV > 8-HQ-5-SAUF-IIl 8-HQ-5-SAUF-II > 8-HQ-5-SAUF-I. These copolymers
can be used to prepared polychelates and alsoecasdu as ion-exchanger for certain transition Inanta.
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