This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Ceric Ion-Initiated Grafting of Poly(Methyl Acrylate) onto Chitin
A. Lagos*; M. Yazdani-pedram? J. Reyes®; N. Campos®

* Department de Quimica Orgénica, Facultad de Ciencias Quimicas y Farmaceuticas Universidad de
Chile Casilla, Santiago, Chile

To cite this Article Lagos, A., Yazdani-pedram, M. , Reyes, J. and Campos, N.(1992) 'Ceric Ion-Initiated Grafting of
Poly(Methyl Acrylate) onto Chitin', Journal of Macromolecular Science, Part A, 29: 11, 1007 — 1015

To link to this Article: DOI: 10.1080/10601329208054137
URL: http://dx.doi.org/10.1080/10601329208054137

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601329208054137
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 56 24 January 2011

Downl oaded At:

J.M.S.—PURE APPL. CHEM., A29(11), pp. 1007-1015 (1992)

CERIC ION-INITIATED GRAFTING OF
POLY(METHYL ACRYLATE) ONTO CHITIN

A. LAGOS, M. YAZDANI-PEDRAM, J. REYES, and N. CAMPOS

Departamento de Quimica Organica

Facultad de Ciencias Quimicas y Farmaceuticas
Universidad de Chile

Casilla 233, Santiago, Chile

ABSTRACT

Poly(methyl acrylate) was grafted onto chitin in an aqueous me-
dium by using the ceric ion as a redox initiator in the presence of 10™* M
nitric acid and oxygen from the atmosphere. The grafting percentage
turned out to be dependent on reaction temperature, time, and initiator
concentration, but it was found to be independent of monomer concen-
tration. In the course of the grafting reaction, homopolymerization of
methyl acrylate occurs. The percentage of homopolymer was found to
depend only on the reaction temperature. The apparent activation energy
for the grafting reaction was estimated to be 11 kcal/mol. The grafted
chitin is insoluble in solvents for chitin but shows enhanced swelling in
some organic solvents.

INTRODUCTION

Cellulose-like biopolymers such as chitin (poly-8(1 —4)-N-acetyl-D-gluco-
samine) is distributed widely in nature where it forms the principal constituent of
the shell of crustacea such as crabs, lobsters, prawn, antarctic krill, etc. Chitin is
structurally analogous to cellulose, containing an acetamido group instead of the
C-2 hydroxyl group [1-3]. However, the chemical and physical properties of chitin
are quite different from those of cellulose. Chitin has been subjected to numerous
modifications, and several applications, predominantly in medicine, have been re-
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ported in the literature [3-14]. Recently there has been a growing interest in the
study of grafting of vinyl monomers onto this biopolymer [15-23]. The chemical
combination of natural and synthetic polymers by grafting technique yields new
materials which could have desirable properties for new applications such as floccu-
lants, ion exchangers, etc. Graft copolymerizations of methyl methacrylate (MMA)
onto chitin using tributylborane as initiator [15], styrene onto chitin using vy-ray
irradiation {16, 17], MMA onto chitin film using a ceric salt [18], y-methyl-1-
glutamate NCA onto chitin and water-soluble chitin [19, 20], MMA onto chitin and
oxychitin by a noncatalytic photoinduced and photosensitized method [21], and
MMA [22], acrylamide, and acrylic acid [23] onto chitin using ceric ammonium
nitrate as redox initiator have been reported in the literature. It has been shown
that ceric salts are very efficient in grafting vinyl monomers onto a number of
polysaccharides [24-31].

The purpose of the present work was to determine the feasibility of grafting
poly(methyl acrylate) onto chitin by using ceric ion in dilute nitric acid as a redox
initiator. The effect of reaction time and temperature as well as the monomer and
initiator concentrations were extensively investigated. This was done in order to
optimize the grafting process.

EXPERIMENTAL

Materials and Methods

Chitin was obtained from lobster by the method of Hackmann [32] and puri-
fied by extraction with acetone in a Soxhlet apparatus for 24 h, washed with metha-
nol and then with diethyl ether, and finally dried under reduced pressure at room
temperature. Methyl acrylate (MA) from Fluka was washed with 5% NaOH, then
with distilled water, dried over CaCl,, and finally distilled under vacuum. Ceric
ammonium nitrate (CAN) from Merck was used as received.

Graft Copolymerization

Into a reaction tube were placed given amounts of pulverized and dried chitin
(<100 mesh) and freshly prepared CAN solution in nitric acid (107" M). The
reaction tube was then closed and placed in a thermostated bath at the desired
reaction temperature and was shaken for 1 minute. Methyl acrylate was then added
with stirring. Graft copolymerizations were carried out at 50, 60, and 70°C in the
presence of atmospheric oxygen. At the end of the polymerization, the grafted
chitin was separated from unreacted monomer by filtration, washed with plenty of
warm water, and dried under vacuum to constant weight. The copolymer obtained
was freed from poly(methyl acrylate) as homopolymer by extraction with acetone
in a Soxhlet for 24 h, and the remaining product after drying to constant weight
was considered to be a graft copolymer. The increase in weight of the extracted
copolymer samples, compared with that of the original unreacted chitin and the
weight of the extracted homopolymer, was used to calculate the grafting parameters
as follows:
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. w, — W,
% grafting = _W‘J x 100

1

% grafting efficiency = —— W, x 100
3
W, — W,
% homopolymer = —*——= x 100
W,
. w, - W
% total conversion = ————— x 100

3

where W,, W,, W,, and W, denote the weights of chitin, grafted chitin after acetone
extraction, methyl acrylate, and grafted chitin before acetone extraction, respec-
tively.

RESULTS AND DISCUSSION

Evidence of Grafting

The increase in weight of the extracted copolymer samplies, as compared with
that of the initial chitin and their infrared (IR) spectra, were used as evidence of
grafting. The IR spectra of chitin and grafted chitin are shown in Fig. 1. It can be
seen that a band at 5.8 um arises from carbonyl absorption of chitin and a new
band appears at 6.1 pm which corresponds to the carbonyl absorption of grafted
PMA chains. Two other new bands in the IR specirum of grafted chitin, at 12.1

(b)
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FIG. 1. IR spectra of chitin (a) and grafted chitin with PMA (b).
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and 13.2 um, are also observed. They are assigned to rocking absorption of —CH,
groups contained in PMA chains,

Grafting Sites and the Copolymerization Reaction

To our knowledge the mechanism of graft copolymerization of vinyl mono-
mers onto chitin with ceric ion has not been established. Lee et al. [22] found that
the presence of water was essential for grafting when they carried out grafting of
MMA onto chitin by ceric ion. They proposed that water is responsible for the
rupture of intermolecular hydrogen bonds between chitin molecules so that MMA
could diffuse readily into them. The grafting was assumed to proceed via free
radical mechanism in three steps by cooperative interaction of water to chitin,
formation of the complex from solvated chitin and ceric ion, and graft initiation by
free radicals from the complex. On the other hand, Takahashi et al. [21] in their
study of grafting MMA onto oxychitin by a noncatalytic photoinduced and photo-
sensitized method suggested that free radicals were produced on the chitin backbone
by the scission of the C2—N bond since the C—N bond has the lowest of all the
chemical bond energies of chitin. We think that free radicals could also form on the
C2 of anhydroglucosamine rings when the ceric ion is used to initiate grafting.
These free radicals can be expected to be relatively stable due to the presence of
acetamido groups. Therefore, these should be capable of initiating the graft copoly-
merization of MA onto chitin. A somewhat different reaction mechanism has been
suggested by a number of investigators [33-39] for the case of cellulose where the
ceric ion (Ce") in acidic solutions forms a chelate with the cellulose molecule,
probably by reaction through the hydroxyl groups and carbon C2—C3 of the anhy-
droglucose ring. Electron transfer from cellulose to the Ce' ion reduces this to
Ce'"", followed by the release of Ce" ions and anhydroglucose ring cleavage at the
C2—C3 bond with the formation, on the cellulose backbone, of a free radical which
is capable of initiating graft copolymerization.

Effect of the Initiator Concentration on Grafting

Table 1 shows the effect of CAN concentration on polymer add-on. The
highest grafting yield was observed when the initiator concentration is 0.06 mol/L.
For higher concentrations of the initiator, an increase in the percentage of grafting
and, consequently, total conversion and grafting efficiency were not observed. As
can be seen from Table 1, the percentage of grafting begins to level off when the
concentration of the initiator is greater than 0.06 mol/L. The increase in grafting
percentage with increasing CAN concentration could be due to the greater number
of active sites formed on the chitin backbone which are initially involved in the
grafting reaction. However, the leveling off of the grafting yield observed at higher
initiator concentrations could probably be attributed to the limited number of radi-
cal sites that can only form on the surface of chitin. The decay of free radicals
could also occur by transfer and termination processes.

In the case of cellulose, the decay of free radicals on the cellulose molecule by
Ce'" ion interaction has been observed [35]. These authors attribute this to the
possible reaction of Ce' ion with the free radical to yield Ce" ion and oxidized
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TABLE 1. Influence of CAN Concentration on the Grafting of MA on Chitin®

(CAN) % Grafting % Homo- % Total
Sample x 10° % Grafting efficiency polymer conversion
1 3 1.1 0.1 0.8 0.9
2 6 14.0 1.5 1.7 3.2
3 9 257.9 27.0 18.8 45.8
4 30 449.4 47.0 51.1 98.1
5 60 488.3 51.1 44.7 95.8
6 90 492.5 51.5 48.0 99.6

*Reaction conditions: Chitin, 0.3 g; MA, 2.87 g; HNO,, 10 "* M (8 mL); temperature,
60°C; reaction time, 45 min.

products of cellulose. On the other hand, Terasaki et al. [32] proposed that the
reaction of a solvent, usually water, with the free radical could also terminate the
radical.

The homopolymer formation could be the result of the high oxidation poten-
tial of ceric ion. The percentage of homopolymer formed during graft copolymer-
ization increases with CAN concentration up to 0.03 mol/L and then remains al-
most constant with any further increase in initiator concentration. This can be
explained by taking into account that the reaction of the oxidant cations with
monomer molecules at higher concentrations of the initiator is also favored until a
point is reached where the excess cations take part in a chain termination process.

Effect of Monomer Concentration on Grafting

The influence of monomer concentration on grafting yield obtained with chi-
tin is shown in Table 2. The percentage of grafting is independent of the monomer
concentration. This can be due to the heterogeneous nature of the reaction which
results only in surface grafting of the chitin particles, where only a limited number
of active sites could be formed by a determined amount of the initiator, which in

TABLE 2. Influence of MA Concentration on the Grafting of MA on Chitin®

% Grafting % Homo- % Total

Sample MA, mL % Grafting efficiency polymer conversion
7 1 171.9 53.9 10.9 64.8
8 2 183.1 28.7 6.0 34.7
9 3 186.2 19.5 0.3 19.8
10 4 187.2 14.7 1.3 16.0
11 5 186.2 11.7 0.2 11.9
12 6 186.2 9.7 2.1 11.8

*Reaction conditions: Chitin, 0.3 g; CAN, 107> M; HNO,, 10™* M (8 mL); temperature,
60°C: reaction time, 45 min.
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this case is kept constant. From this result it seems that the chain lengths of the
grafted poly(methyl acrylate) does not increase with an increase in the amount of
monomer.

In relation with the amount of homopolymer that forms during grafting, it
can be seen from Table 2 that the highest homopolymer percentage corresponds to
the lowest amount of monomer used. This indicates that the reaction between
initiator and monomer is somewhat favored in relation to the generation of macro-
radicals and/or the growing of the grafted polymer chains in this case. We think that
the diffusion-controlled nature of the reactions could induce, at lower monomer
concentrations, a comparative scarcity of monomer in the proximity of the surface
of chitin during the grafting reaction. However, the mass of homopolymer obtained
in all experiments in comparison with the mass of grafted chitin is not very different,
varying between —0.01 and 0.12 g.

Influence of Reaction Time and Temperature on Grafting

The results obtained from the study of the effect of the variation of reaction
time from 15 to 210 minutes and of temperature from 50 to 70°C on the extent of
MA grafting onto chitin are presented in Table 3. For grafting reactions performed
at 50°C, the percentage of polymer add-on increases with an increase in reaction
time. The amount of grafting obtained at 60 and 70°C also increases with reaction

TABLE 3. Influence of Reaction Time and Temperature®

% Grafting % Homo- % Total
Sample {, min T, °C % Grafting efficiency polymer conversion

13 15 50 13.6 1.4 6.1 6.1
14 15 60 23.4 2.4 4.3 17.2
15 15 70 136.7 14.3 10.4 35.2
16 30 50 23.4 2.4 6.4 6.4
17 30 60 103.4 10.8 10.5 31.8
18 30 70 301.1 31.5 15.4 57.3
19 60 50 182.7 19.1 7.1 40.1
20 60 60 298.2 31.2 8.0 49.7
21 60 70 599.6 62.8 13.4 86.5
22 90 50 506.9 53.1 5.2 68.7
23 90 60 614.7 64.3 15.7 90.5
24 90 70 661.2 69.2 14.6 94.3
25 150 50 526.5 55.1 5.7 71.3
26 150 60 734.9 76.9 12.1 99.4
27 150 70 688.0 72.0 9.0 91.4
28 210 50 646.6 67.7 15.1 93.2
29 210 60 653.0 68.4 12.7 91.5
30 210 70 664.4 69.5 16.6 96.6

Reaction conditions: Chitin, 0.3 g; MA, 2.87 g; CAN, 107> M; HNO,, 10™* M
(8 mL).
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TABLE 4. Rate of Grafting
(RG) Dependence on Temperature

T,K RG

323 3.80
333 6.16
343 10.24

time up to 150 minutes; thereafter, there is a nearly constant value. It was observed
that by increasing the reaction temperature in the range studied, the maximum
percentage of grafting that could be reached was roughly constant. As expected,
the rate of grafting reaction increases with temperature, and consequently the time
required to reach a predetermined grafting percentage is less for a higher tempera-
ture. The observed homopolymer percentage tends to increase slightly with reaction
temperature, probably due to a contribution from the thermal polymerization of
MA.

The apparent activation energy for the grafting reaction was estimated from
the usual Arrhenius plot of the rate versus the polymerization temperature. The
values of the rate of the grafting reaction (RG) are presented in Table 4. The RG
values were calculated from the slopes of the initial portions of the curves obtained
by plotting the values of the grafting percentages at different temperatures, shown
in Table 3, against the reaction time. The effect of the reaction temperature on RG
is shown in Fig. 2. From this plot, the apparent activation energy for the grafting
reaction was estimated to be about 11 kcal/mol. This value is considerably lower
than that reported by Kojima et al. [15] (22.8 kcal/mol) in the case of grafting of
MMA onto chitin by using tributylborane as the initiator where the grafting maxi-
mum reached was only about 25%.

250
220 1

1.80 F

log RG

1.60

130+
Ea = 1091 Kcal/mol

1.00 L L i L I
290 294 298 302 3.06 3.10

1000/T (1/K)

FIG. 2. Relation between the rate of grafting (RG) and polymerization temperature.
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CONCLUSIONS

From the results obtained in this study, it is concluded that MA can be success-
fully grafted onto chitin by using Ce'" ion in dilute nitric acid as the redox initiator.
It was found that the percentage of grafting depends on the reaction time, tempera-
ture, and Ce' concentration but is independent of the monomer concentration.
MA homopolymerizes during grafting, and its amount increases with the reaction
temperature. The optimum conditions for the grafting reaction are established.
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