
INTRODUCTION

Pectin is a naturally occurring biopolymer that is finding

increasing applications in the pharmaceutical and biotech-

nology industry. It has been used successfully for many years

in the food and beverage industry as a thickening agent, a

gelling agent and a colloidal stabilizer. Pectin also has several

unique properties that have enabled it to be used as a matrix

for the entrapment and/or delivery of a variety of drugs, proteins

and cells. However, it may need to be further modified for

some special applications1-3.

Among the diverse approaches that are possible for

modifying polysaccharides, grafting of synthetic polymer is a

convenient method to add new properties to a polysaccharide

with minimum loss of the initial properties of the substrate2.

Graft copolymerization of vinyl monomers onto polysaccha-

rides using free radical initiation has attracted the interest of

many scientists. Up to now, considerable works have been

devoted to the grafting of vinyl monomers onto the substrates,

specially cellulose3. Of the monomers grafted, acrylonitrile

(AN) has been the most frequently used one, mainly due to its

highest grafting efficiency Athawale and other2,4 improving

the thermal resistance of the graft copolymer5 and also the

subsequent alkaline hydrolysis of the grafting product to obtain

water absorbents2,5.

The literature survey, reveals that few of the modifications

deal with chemical grafting of a pre-modified polysaccharide

such as pectin. Ammonium persulfate-initiated grafting of

vinyl monomers such as methyl acrylate, ethyl acrylate and

ethyl methacrylate5,6, acrylonitrile/methyl methacrylate
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mixture7 and 4-vinylpyridine8,9 onto pectin has been reported.

However, to the best of our knowledge, no report has been

published on the optimization of acrylamide (AAm) graft

polymerization onto pectin using ammonium persulfate-

saccharide initiating system. As a part of our research program

on polysaccharide modification, herewith we report the

optimized ammonium persulfate-induced synthesis of pectin-

g-polymethacrylamide under an inert atmosphere.

EXPERIMENTAL

Pectin (chemical grade, MW 50000) was purchased from

Merck Chemical Co. (Germany). Methacrylamide (MAAm,

Merck) was used after recrystalization. Ammonium persulfate

(APS, Merck) was used as received. All other chemicals were

of analytical grade.

Synthesis of copolymer: A facial one step preparative

method was used for synthesis of Pec-polyacrylamide copoly-

mer. Pectin (0.50-1.5 g) was added to a three-neck reactor

equipped with a mechanical stirrer (Heidolph RZR 2021, three

blade propeller type, 50-500 rpm), including 35 mL doubly

distilled water. The reactor was immersed in a thermostated

water bath. After complete dissolution of pectin to form a

homogeneous solution, a definite amount of ammonium

persulfate solution (0.15 g in 5 mL H2O) was added to pectin

solution and was allowed to stir for 10 min. After adding

ammonium persulfate, certain amounts of monomer (MAAm

1.50 g in 5 mL H2O) was added to the pectin solution. After

90 min, the reaction product was allowed to cool to ambient

temperature. The produced material was poured to excess non

solvent ethanol (200 mL) and kept for 3 h to remove water.
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Then ethanol was decanted and the product scissored to small

pieces. Finally, the filtered copolymer is dried in oven at 60 ºC

for 10 h.

Instrumental analysis: Fourier transform infrared (FTIR)

spectroscopy absorption spectra of samples were taken in KBr

pellets, using an ABB Bomem MB-100 FTIR spectrophoto-

meter (Quebec, Canada), at room temperature. Thermogravimetric

analyses (TGA) were performed on a Universal V4.1D TA

Instruments (SDT Q600) with 8-10 mg samples on a platinum

pan under nitrogen atmosphere. Experiments were performed

at a heating rate of 20 ºC/min until 600 ºC. The surface

morphology of the copolymer was examined using scanning

electron microscopy (SEM). After Soxhlet extraction with

methanol for 24 h and drying in an oven, the graft copolymer

powder was coated with a thin layer of gold and imaged in a

SEM instrument (Leo, 1455 VP).

RESULTS AND DISCUSSION

Synthesis and characterization: Methacrylamide

monomer was grafted onto pectin in a homogenous medium

using ammonium persulfate as a radical initiator and under an

inert atmosphere. The mechanism of copolymerization of

polymethacrylamide onto pectin in the presence of initiator is

shown in Scheme-I. At the first step, the thermally dissociating

initiator, i.e., ammonium persulfate, is decomposed under

heating to produce sulfate anion-radical. Then, the anion-

radical abstracts hydrogen from one of the functional group

in side chains (i.e., OH) of the substrate to form corresponding

radical (alkoxide radicals). Then, these macroalkoxides initiate

crosslinking reaction between some adjacent polymethacryl-

amide pendant chains. These macroradicals initiate grafting of

MAAm onto pectin backbones leading to a graft copolymer6,7.

For identification of the produced copolymer, infrared

spectroscopy was used. Fig. 1 shows the IR spectroscopy of

pectin-g-polymethacrylamide copolymer. The graft copolymer

product comprises a pure pectin backbone with side chains

that carry carboxamide functional groups that are evidenced

by peaks at 1678 cm-1. In fact, In the spectrum of the copolymer

(Fig. 1b), new peaks are appeared at 3206 and 1660 cm-1 that

may be attributed to amide NH stretching, asymmetric and

symmetric amide NH bending, respectively10.

Thermogravimetric analysis: TGA curves for pure

pectin and pectin-g-poly(methacrylamide) copolymer are

shown in Fig. 2. The grafted pectin has shown improvement

in thermal stability as clear from TGA curve. The initial

decomposition temperature of the pectin on grafting was

increased from 155-411 ºC with maximum decomposition rate

at 519 ºC, in comparison to original decomposition temperature

of 321 ºC of pectin. These observations have clearly indicated

that grafting of pectin-g-poly(methacrylamide copolymer has

improved the thermal stability of pectin11.
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Scheme-I: A brief proposed mechanism for APS-induced grafting of polymethacrylamide onto pectin
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 Fig. 1. FTIR spectra of (a) pure pectin and (b) pectin-g-poly(methacryl-

amide) copolymer

Fig. 2. TGA thermograms of (A) pure pectin and (B) pectin-g-

poly(methacrylamide) copolymer. Heating rate 20 ºC/min, under

N2

Scanning electron microscopy: One of the most important

properties that must be considered is graft copolymer micro-

structure morphologies. The surface morphology of the

samples was investigated by scanning electron microscopy.

Fig. 3 shows an SEM micrograph of the graft copolymer

obtained from the fracture surface. The graft copolymer has a

hetrogeneous structure. It is supposed that these hetrogeneous

surface are the regions of grafted monomers and interaction

sites of external stimuli with the hydrophilic groups of the

graft copolymers.

Characteristic and determination of important-grafting

parameters: The percentage of conversion (PC %), graft yield

(Gr %) and graft efficiency (GE %) were evaluated with the

following weight-basis expressions as reported by Fanta12:

From the increased weight, the percentage of conversion

(PC %) can be estimated as the following equation:

1
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where W0, W1 and W2 designate the weight of pure pectin

substrate, MAAm monomer in feed and total weight product

(copolymer and homopolymer) respectively. In this study, the

value of W1 was fixed at 0.75 g. The rough products were

extracted by dimethyl formamide solution in a centrifugating

apparatus at least 48 h for the complete removal of the

homopolymer. The graft yield (G %) and graft efficiency

(GE %) are estimated as follows13:

Fig. 3. SEM photograph of the pure pectin (a) and pectin-g-PMAAm

copolymer (b)
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where W3 and W4 are the dried weight of grafted pectin after

extraction and polyacrylamide homopolymer. Dimethyl

formamide is a good solvent for polymethacrylamide as

well as a precipitant for pure pectin or grafted pectin, so the

polymethacrylamide homopolymer could be easily separated

from the rough products. However, it seemed to be difficult to

further separate the unreacted pectin from the products and

the right separation methods are still in progress in my research.

In view of the modification intention, the unreacted pectin is

not very necessary to be separated from the products, so the

blends of unreacted pectin and the graft copolymer pectin-g-

polymethacrylamide were actually obtained in this research

and their compositions were unknown. In several studies on
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the grafting modification of polymer, the unreacted substrate

polymer and graft copolymer were also not separated from

the products9,14. If the unreacted pectin could be separated from

the products, the graft copolymer pectin-g-polymethacryl-

amide with higher grafting yield (%) could be obtained, but

the values of percentage of conversion (%) and grafting

efficiency (%) would not be affected.

Gravimetric analysis: The graft copolymerization

reaction was monitored gravimetrically. Increase in the mass

of pectin, after extraction of homopolymer, was taken as

evidence for grafting. This weight gain in pectin forms the

basis for the determination of the grafting parameters.

Conclusion

A novel copolymer, Pec-g-polymethacrylamide, was

synthesized in an aqueous solution by graft copolymerization

of methacrylamide monomer onto pectin backbone using

ammonium persulfate as an initiator in water solution. The

structural characterizations by FTIR spectra have indicated

the presence of polymethacrylamide units in the products. The

study of FTIR spectra and thermogravimetric analysis provide

that the graft copolymerization takes place. The hydropho-

bically modified pectin exhibited higher thermal stability in

comparison with non-modified pectin. The PMAAm-grafted

pectin may be a candidate for manufacture of molded plastics,

ion exchange resins and plastic films and in cosmetics.
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