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Graft Copolymerization of Methyl Methacrylate
onto Chitosan Initiated by Potassium

Ditelluratocuprate(III)

YINGHAI LIU, YANXIANG LI, JUAN LV, GUODONG WU,
AND JUNBO LI

College of Chemistry and Environmental Science, Hebei University, Baoding,

P.R. China

A novel redox system, potassium ditelluratocuprate(III) (DTC)–chitosan, was
employed to initiate the graft copolymerization of methyl methacrylate (MMA) onto
chitosan in alkali medium. The effects of reaction variables, such as the initiator
concentration, ratio of monomer to chitosan, the pH value, as well as reaction tempe-
rature and time were investigated, and the grafting conditions were optimized. Graft
copolymers with both high grafting efficiency (.90%) and percentage of grafting
were obtained, and the rate of polymerization is higher, which indicated that the
DTC–chitosan redox system is an efficient initiator for this graft copolymerization.
The structures and the thermal property of chitosan and chitosan–g–PMMA were
characterized by infrared spectroscopy (IR), X-ray diffraction and thermogravimetric
analysis (TGA). A mechanism is proposed to explain the generation of radicals and the
initiation. The graft copolymer was used as the compatibilizer in blends of
terpolyamide and chitosan. The scanning electron microscope (SEM) photographs
indicated that the graft copolymer improved the compatibility of the blend.

Keywords potassium ditelluratocuprate (Cu(III)), chitosan, methyl methacrylate,
graft copolymerization, redox initiation, compatibility

Introduction

Chitosan is a polyaminosaccharide, derived from the partial N-deacetylation of chitin,

poly-b-(1,4)-N-acetyl-D-glucosamine, the most abundant natural polymer next to

cellulose. Compared with other polymers, chitosan has additional important advantages,

including biocompatibility, biodegradability and nontoxicity (1–3). Based on the

unique molecular architectures with amino groups, sophisticated molecular designs

became possible through controlled chemical modification of chitosan. Graft copolymeri-

zation, especially grafting of various vinyl monomers onto chitosan is one of the most

effective and promising method, which can incorporate desirable functions, allowing

novel types of tailored hybrid materials composed of natural polysaccharides and

synthetic polymers. The resulting graft copolymers have found new potential applications
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in some fields, including pharmaceuticals, biomaterials, water treatment, toiletries,

agriculture, as well as food processing. So far, graft copolymerization of chitosan with

vinyl monomers have been explored by various methods, performed typically with

AIBN (4) and traditional redox systems, including Ce(IV) (5–9), K2S2O8 (10–13),

Fe2þ-H2O2 (14–16), etc. Among them, MMA is the most attractive monomer and

Ce(IV) is the most efficient initiator. However, the grafting efficiency was generally

low. Although Ce(IV) can initiate grafting polymerization with high grafting efficiency,

the high price and acid reactant medium limited its broad application.

Nowadays, the basic theoretical research and application on super normal valence

transitional metals have received considerable attention. In recent years, we have

attained some achievements on the homopolymerization and graft copolymerization of

vinyl monomers initiated by supernormal valence transition–metals, such as diperiodato-

cuprate(III) (17, 18), ditelluratocuprate(III) (19, 20), diperiodatonickelate(IV) (21, 22), as

well as diperiodatoargentate(III) (23, 24) and ditteluratoargentate(III) (25). It has been

demonstrated that DTC is an efficient and cheap initiator.

In our previous work, we have reported DPN-initiate grafting of MA (22) and AN (26)

onto chitos, however, there is no literature on graft copolymerization of chitosan with

MMA using DTC as initiator. In this paper, DTC was employed as an oxidant, and

chitosan as a reductant to make up the redox system to initiate the graft copolymerization

of MMA onto chitosan in alkali aqueous medium. The effects of the reaction variables on

the graft copolymerization were investigated. The grafting efficiency and percentage of

grafting, as well as the rate of polymerization is much higher. In addition, the structures

and properties of the grafted products were characterized by infrared spectroscopy (IR)

and X-ray diffraction and thermogravimetric analysis (TGA). The Scanning electron

microscope (SEM) micrographs indicated that the graft copolymer, chitosan-g-PMMA,

could act as compatibilizer to improve the compatibility of the immiscible binary blend

of terpolyamide and chitosan. A tentative mechanism is proposed to explain the

formation of radicals and the initiation.

Experimental

Materials

Chitosan was obtained from the Yuhuan County Chemical Plant. MMA, from Chemical

Co. Ltd. (China), was washed successively with aqueous sodium hydroxide solution

and distilled water, followed by drying over anhydrous sodium sulfate, and finally

distilled under reduced pressure. DTC was synthesized and measured according to the

reported procedure (27). The concentration of DTC was obtained by its absorption at

l ¼ 405 nm using a Shimadzu UV-265 spectrophotometer (Japan). The other solvents

were all of analytical reagent and used as such.

Graft Copolymerization

Graft copolymerization was carried out in a 50 mL four-necked flask equipped with

thermometer, condenser, stirrer and gas inlet, immersed into a thermostat controlled

water bath. In a typical experiment, a required amount of chitosan and distilled

water were added into the reaction flask, with the contents deaerated sufficiently by

sparging with nitrogen at the required temperature, along with constant stirring. The

required amount of monomer was added, followed by the DTC aqueous solution and the
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total volume of the reaction mixture was made up to 20 ml with distilled water. After a

required reaction time, the reactant was cooled and neutralized by aqueous acetic acid

solution and then filtered through a weighted sintered glass funnel, washed to neutral

and dried to a constant weight under vacuum at 608C. The homopolymer of methyl metha-

crylate (PMMA) was removed from the crude graft copolymer by exhaustive Soxhlet

extraction with acetone for 48 h. The final copolymer was then dried to a constant

weight under vacuum at 608C. The above process was repeated for the different initiator

concentration, monomer-to-chitosan ratio, pH value as well as temperature and time.

Measurements

The IR spectra of the pure chitosan and chitosan-g-PMMA were recorded on an FTS–40

spectrometer (BIO RAD Co. USA) using a potassium bromide pellets technique. X-ray

diffraction of ungrafted and grafted chitosan was measured using a Y-4Q X-ray diffraction

instrument (Dandong Ray Apparatus Corporation, China). The X-ray diagrams were made

with Ni-filtered Cu Ka radiation at 30 KV and 20 mA. TGA curves of ungrafted and

grafted chitosan were carried out on a Shimadzu apparatus (DGC-40 DTA-TG) at a

heating rate of 108C/min in a static air atmosphere. A SEM Scanning electron microscope,

AMKAY-1000B was used to observe the morphologies of chitosan/terpolyamide blend

and those of chitosan/chitosan-g-PMMA/terpolyamide blend.

Results and Discussion

The grafting parameters, such as percentage of grafting (PG), grafting efficiency (GE), as

well as the rates of polymerization (Rp), graft copolymerization (Rg) and homopolymer-

ization (Rh) were defined and calculated as follows:

PG/% ¼ (weight of PMMA grafted/weight of chitosan) � 100

GE/% ¼ (weight of PMMA grafted/total weight of PMMA) � 100

Rp (mol . L21 . s21) ¼ total weight of PMMA/(Mol. wt of MMA � Reaction time(s) �

reaction volume (L))

Rg (mol . L21 . s21) ¼ weight of PMMA grafted/(Mol. wt of MMA � Reaction time(s) �

reaction volume (L))

Rh (mol . L21 . s21) ¼ Rp-Rg

Effect of Initiator Concentration

When the MMA-to-chitosan ratio, pH value, as well as reaction temperature and time are

kept invariable, the effect of DTC concentration on graft parameters is shown in Figure 1.

Percent grafting (PG), grafting efficiency (GE), rate of polymerization (Rp), rate of graft

copolymerization (Rg), rate of homopolymerization (Rh) increase with increasing DTC

concentration. However, beyond the DTC concentration of 3.3 � 1023 mol/L, Rp, Rg,

PG and GE are found to decrease. In the reaction system, the reduction of DTC

involves the formation of chitosan radicals, which activate the backbone and monomer

to initiate polymerization. This could be confirmed by the contrast experiment, in

which no PMMA formed due to the absence of chitosan. And the primary radicals

produced are mainly utilized for grafting copolymerization, thus resulting in all the

parameters increase. However, a further increase of the DTC concentration accelerates

the reaction of DTC and radical, which terminates the chain propagation reaction,
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hence, decreasing Rp, Rg and PG. Meanwhile, at higher DTC concentration, the chance of

chain transfer to monomer is enhanced, leading to the increase of Rh and decline in GE.

Effect of Monomer-to-Chitosan Ratio

The effect of monomer-to-chitosan ratio on graft copolymerization of MMA onto chitosan

is depicted in Figure 2. MMA has little solubility in water, but GE is up to about 90%. This

may be ascribed to the surface-activity and self-emulsifying properties of chitosan and

chitosan-g-MMA, which assists in the proximity of monomer to the growing chains and

active sites on the chitosan. With an increase in MMA-to-chitosan ratio, Rp, Rg and PG

increase initially. However, beyond MMA/chitosan (g/g) ¼ 4.4, Rg, PG and GE

decline whereas Rh increase significantly. This may be explained as follows: with the

total volume fixed, an increase in monomer-to-chitosan ratio means the higher DTC

concentration in the water phase, in addition, chitosan-g-MMA can solubilize MMA in

water. Thus, the chain transfer reaction of radicals to MMA is accelerated by the

combined effect of the above factors. Moreover, when the MMA-to-chitosan ratio is

higher, the adsorption of monomers onto chitosan reaches the point where it largely

interferes with the approach of both DTC and chitosan, which is necessary for initiation.

Therefore, the homopolymerization rate enhances and GE declines correspondingly.

Effect of Temperature

The grafting reactions were carried out at different temperatures between 308C and 608C,

keeping the other variables constant, as is shown in Figure 3. It is found that PG, Rp and

Rg increase initially and then decrease to some extent with a further increase in

Figure 1. Effect of DTC concentration on graft parameters.
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temperature. This is attributed to the fact that increasing temperature favors the activation

of macroradicals as well as accelerates the diffusion and mobility of the monomers from

the aqueous phase to the backbone. Whereas a further increase in temperature decreases

PG, GE, Rp, and Rg. This can be ascribed both to the acceleration of termination

reaction through oxidation by DTC and to a increased chance of chain transfer reaction

Figure 2. Effect of monomer-to-chitosan ratio on graft parameters.

Figure 3. Effect of temperature on graft parameters.
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to monomer. This also accounts for the increasing amount of homopolymer, and this is

indicated by a steady increase in the rate of homopolymerization, Rh.

Effect of pH

Figure 4 shows the effect of pH on graft parameters. Potassium hydroxide and hydrogen

chloride are employed to maintain the required alkalinity in the reaction solution. In the

pH range studied, DTC exists mainly in the form of (Cu(OH)2(H4TeO6)2)32 and

(Cu(OH)2(H3TeO6)2)22 (28). In alkali aqueous solution, the ratio of the two forms

change with pH, which directly influences the amount of radicals produced in the

reaction system. It is found that the optimum pH value is 12.50.

Effect of Time

Figure 5 illustrates the influence of reaction time on grafting parameters. It can be seen that

GE remains unchanged during the course of the reaction, whereas PG increase steadily

with the reaction time prolonged up to 25 min, and then maintains a plateau, which is

inconsistent with the general rule of conventional radical polymerization. So the

optimized reaction time is 25 min.

IR Spectroscopy

The proof of grafting was obtained from the IR spectra of pure chitosan and chitosan-g-

PMMA after exhaustive Soxhlet extraction with acetone. As shown in Figure 6, in the

Figure 4. Effect of pH value on graft parameters.
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spectrum of chitosan, the characteristic absorption bands around 3420 cm21, 1650 cm21

and 1560 cm21 can be observed. Compared with pure chitosan, graft copolymer has an

additional peak at 1732 cm21, attributed to the ester carbonyl group of PMMA, which

confirmed the formation of chitosan-g-PMMA effectively.

Figure 5. Effect of time on graft parameters.

Figure 6. IR spectra of chitosan (a) and chitosan-g-MMA (b).
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X-Ray Diffraction

The X-ray diffraction spectra of pure chitosan and chitosan-g-PMMA were analyzed, as

shown in Figure 7. The chitosan figure is more convex than that of the copolymer. The

crystallinity of ungrafted and grafted chitosan was calculated as 53.6% and 38.1%,

respectively. This indicated that the incorporation of PMMA has decreased the crystalli-

nity of chitosan, which suggested that the crystal region was also involved in the grafting

reaction besides the amorphous region.

Thermal Analysis

The thermogravimetric analysis (TGA) of pure chitosan and the grafted copolymer is

shown in Figure 8. It is evident that the TGA of pure chitosan shows a weight loss in

three stages. The first stage ranges from 42.28C to 105.38C and shows about 7.24%

weight loss, corresponding to the loss of residual or absorbed moisture. No such inflexions

are observed in the TGA curve of chitosan-g-PMMA. This reveals that graft copolymer is

resistant to moisture absorption owing to the incorporation of hydrophobic PMMA chain.

Figure 7. X-ray diffraction patterns of chitosan (a) and chitosan-g-PMMA (b).

Figure 8. Thermal analysis of chitosan (a) and chitosan-g-PMMA(b).
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The second stage referred to as pyrolysis starts at 224.28C and continues up to 438.38C,

during which time there is a 46.33% weight loss, which may be due to the decomposition

of polysaccharide in chitosan. The last stage, from 438.38C to 531.08C, shows a weight

loss of 41.26%, as a result of carbonization, while the thermogram of the grafted

copolymer shows a single stage of distinct weight loss between 261.18C and 434.18C.

In addition, it is also evident from the TGA curve that the temperature at about 50%

weight loss of grafted copolymer is 384.08C, higher than that of pure chitosan (at

357.18C). It shows that the grafted copolymer has a distinct difference in thermal proper-

ties, compared to pure chitosan.

Scanning Electron Microscopy

Figure 9 shows the SEM micrographs of chitosan/terpolyamide blend (a) and chitosan/
chitosan-g-PMMA/terpolyamide blend (b). Figure 9(a) provides direct evidence that

phase separation occurred in the chitosan/terpolyamide blend. This sample has a

distinct two-phase morphology, i.e., a continous terpolyamide phase with a dispersed

chitosan phase. All the spheres and holes have smooth surfaces, indicating poor interfacial

adhesion between terpolyamide and chitosan phases. However, with the addition of com-

patibilizers, chitosan-g-PMMA, the morphology of fractures surface changes

Figure 9. SEM micrographs of (a) chitosan/terpolyamide blend and, (b) chitosan/chitosan-g-

PMMA/terpolyamide blend.
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dramatically. The photo in Figure 9(b) shows that the cast film of chitosan/chitosan-g-

PMMA/terpolyamide blend is homogeneous and continuous.

It is well established that the phase morphology of immiscible chitosan/terpolyamide

blend can be controlled by the addition of compatibilizer, chitosan-g-PMMA, which act

as interfacial agents. Furthermore, the addition of properly selected compatibilizer to

an immiscible binary blend should (1) reduce the interfacial energy between the

phases; (2) permit finer dispersion during mixing; (3) provide stability against gross seg-

regation and, (4) result in improved interfacial adhesion, so that it enhances mechanical

properties.

Grafting Reaction Initiation Mechanism

IR spectra, X–ray diffraction and TGA shows that PMMA was grafted onto chitosan. A

tentative initiation mechanism, based on a single-electron-transfer process of DTC, is

proposed as follows:

Conclusions

Graft copolymerization of MMA onto chitosan in an aqueous alkaline medium initiated by

DTC can be carried out successfully. The proof of grafting was obtained from IR analysis

and X-ray diffraction. Based on the TGA results, it was found that the grafted chitosan was

more thermally stable than the ungrafted one due to the incorporation of PMMA, which

may broaden the range of chitosan application. In addition, the SEM micrographs

indicate that the graft copolymer is efficient to improve the compatibility of the immiscible

binary blend of chitosan and terpolyamide.

During this research work, graft copolymers with high graft efficiency ( . 90%) and

grafting percentage have been obtained. A DTC-chitosan system is found to be an efficient

redox initiator for this graft copolymerization. Furthermore, because the activation energy

of the reaction is low, the graft copolymerization can be achieved at a mild temperature

and in an aqueous alkali medium, which is superior to other initiators. Thus, a DTC–

chitosan redox system is considered to be a practical initiator and has a good foreground.

Further work is being carried out.

Acknowledgements

The authors are indebted to the Natural Science Foundation of Hebei Province for the

financial support of this research.

Y. Liu et al.1178

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



References

1. Brine, C.J., Sanford, P.A., and Zikakis, J.P. eds. (1992) Advances in Chitin and Chitosan;

Elsevier Applied Science: London.

2. Muzzarelli, R.A.A. (1997) Chitin. Pergamon: Oxford, 255–26.

3. Stevens, W.F., Rao, M.S., and Chandrkrachang, S. eds. (1996) Chitin and Chitosan; Asian

Institute of Technology: Bangkok, Thailand.

4. Blair, H.S., Guthrie, J., Law, T., and Turkington, P. (1987) J. Appl. Polym. Sci., 47: 1208.

5. Shantha, K.L., Bala, Udaya, and Rao, K. Panduranga (1995) Tailor–made chitosan for drug

delivery. Eur. Polym. J., 31 (4): 377–382.

6. Park, Hee Joo, Kang, Doo Whan, and Yeom, Ku, Sul (1995) Synthesis and characterization of

amidoxinated microporous chitosan bead. Pollimo, 19 (1): 27–34.

7. Kang, Doo Whan, Choi, Hoo Rak, and Kweon, Dong Keon (1999) Stability constants of

amidoxinated chitosan–g–poly (acrylonitrile) copolymer for heavy metal ion. J. Appl.

Polym. Sci., 73 (4): 469–476.

8. Zheng, L.H. and Yang, J.P. (1991) Preparation of high water absorbing resin by graft copoly-

merization of acrylonitrile onto chitosan. Shiyou Huagong, 20 (10): 687–690.

9. Kurita, Keisuke. Manufacture of chitin and chitosan graft copolymerization. Jpn. Kokai Tokkyo

Koho JP 03, 259, 908 (91, 259, 908) (Cl.C08F251/00), 20 Nov. 1991, Appl. 90/56 744. 09 Mar.

1990, 4 pp.

10. Kataoka, Seiichi and Ando, Tadanao (1980) Formation of optically active polymers by radical

polymerization of methacrylic acid in the presence of chitosan. Kobunshi Ronbunshu, 37 (3):

185–190.

11. Retuert, J. and Yazdani–Pedram, M. (1993) Cocatalyst effect in patassium persulfate initiated

grafting onto chitosan. Polym. Bull. (Berlin), 31 (5): 559–562.

12. Yazdani–Pedram, M. and Retuert, J. (1997) Homogeneous grafting reaction of vinyl pyrroli-

done onto chitosan. J. Appl. Polym. Sci., 63 (10): 1321–1326.

13. Wang, Y., Yang, J.X., and Qiu, K.Y. (1994) Graft copolymerization onto chitosan. Acta

Polymerica Sinica, (2): 188–195.

14. Lagos, A. and Reyes, J. (1998) Grafting onto chitosan. I. Graft copolymerization of MMA onto

chitosan with Fenton’s reagent as redox initiator. J. Polym. Sci. Part A, Polym. Chem., 26 (4):

985–991.

15. Peng, C.H., Wang, Y.T., Cheng, G., and Tang, Y.R. (1998) Synthesis of carboxyl–containing

grafted chitosan polymer and its adsorption properties for heavy metal ions 19 (5): 29–33.

16. Yazdani–Pedram, M., Lagos, A., Retuert, J., Guerrero, R., and Riquelme, P. (1995) On the

modification of chitosan through grafting. Journ. Mac. Sci., Pure and Appl. Chem., A32 (5):

1037–1047.

17. Liu, Y.H., Song, X.R., Shi, H.M., and Xu, L.L. (1990) Study on the kinetics of polymerization

by new initiation systems copper (Cu(III)) complex ion (I)-Polymerization of acrylamide

initiated by self–reduction. Chem. J. Chinese Univ., 11 (3): 328–330.

18. Liu, Y.H., Liu, X.H., Deng, K.L., Liu, Z.J., and Yang, L.Y. (2003) Graft copolymerization of

methyl acrylate onto poly(vinyl alcohol) initiated by potassium diperiodatocuprate(III).

Journ. Mac. Sci., Part A, Pure and Appl. Chem., A40 (3): 211–223.

19. Liu, Y.H., Li, J.B., Yang, L.Y., and Shi, Z.Q. (2003) Study on Kinetics of acrylamide polymer-

ization initiated by potassium ditelluratocuprate(III) in alkaline medium. J. Mac. Sci., Pure and

Appl.Chem., (10): 1107–1117.

20. Liu, Y.H., Li, J.B., Yang, L.Y., and Shi, Z.Q. (2004) Graft copolymerization of methyl

methacrylate onto casein initiated by potassium ditelluratocuprate (III). Journ. Mac. Sci.,

Pure and Appl. Chem, A41 (3): 305–316.

21. Liu, Y.H., Shang, Y.J., Li, W.P., Wang, Z., and Deng, K.L. (2000) Study on the kinetics of

acrylonitrile polymerization initiated by diperiodatonickelate (IV) periodate complex. Acta

Polymerica Sinica, 2: 235–238.

Graft Copolymerization of Methyl Methacrylate 1179

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



22. Liu, Y.H., Liu, Z.H., Zhang, J.S., and Deng, K.L. (2002) Graft copolymerization of methyl

acrylate onto chitosan initiated by potassium diperiodatonickelate (IV). J. Macromol.

Sci. Pure and Appl. Chem., A39 (1): 129–143.

23. Liu, Y.H., Liu, W.H., Zhao, M., and Meng, J.G. (1997) Graft copolymerization of methyl

acrylate onto nylon–1010 initiated with potassium diperiodatoargentate (III). Acta Polymerica

Sinica, 5: 597–600.

24. Liu, Y.H., Song, M.F., and Hou, R.S. (1992) Study on the kinetics of acrylamide polymerization

redox initiated by diperiodatoargentate (III) complex ion. Chem. J. Chinese Univ., 13 (8):

1151–1152.

25. Liu, Yinghai, Yang, Lanying, Li, Junbo, Shi, Zengqian, Deng, and Kuilin (2003) Kinetics and

mechanistic studies on the polymerization of acrylamide initiated by potassium ditelluratoar-

gentate (III) in alkaline medium. Chemical Journal on Internet, 5 (12): 96–101.

26. Liu, Y.H., Liu, Z.H., Zhang, Y.Z., and Deng, K.L. (2002) Graft copolymerization of acrylo-

nitrile onto chitosan initiated by potassium diperiodatonickelate (IV). Chemical Journal on

Internet, 4 (6): 27–33.

27. Chandra, S. and Yadava, K.L. (1968) Oxidation of some sugars with copper (III). Talanta, 15:

349–352.

28. Shan, J.H., Wang, L., Wei, H.Y., Shen, S.G., and Sun, H.W. (2002) Kinetics and mechanism of

oxidation ethylene glycol monoethylether by ditelluratocuprate (III) in alkaline medium.

Chinese Journal of Inoganic Chemistry, 2: 143–146.

Y. Liu et al.1180

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


