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Abstract-Graft copolymers of methyl acrylate, ethyl acrylate and ethyl methacrylate on carboxy methyl 
cellulose (d.S 040.5) were obtained by the use of ceric ion in aqueous media at 35°C. The extent of graft 
polymer formation was measured in terms of graft level, molecular weight of the grafted polymer chains, 
and frequency of grafting. It was found that, although the reaction conditions were similar, the frequencies 
of grafting of the monomers were not of the same order of magnitude. It was suggested that graft polymer 
formation may not be due mainly to propagation by radicals formed on the backbone polymer by 
interaction with ceric ions. 

INTRODUCTION 

The use of ceric ions to initiate graft copolymeriza- 
tion of vinyl monomers on synthetic and natural 
polymers has been reported by many workers [l-20]. 
Graft polymer formation is often considered to result 
from propagation by radicals formed on the back- 
bone polymer by interaction with ceric ions. Conse- 
quently, the loci of initiation of graft polymer 
formation on cellulosic backbone polymer are rad- 
icals formed by oxidative reactions of ceric ions with 
cellulosic chain ends containing hemiacetal linkages 
[21], glycol linkages leading to C-C bond cleavage 
(between C, and C,) [22] and/or with carboxyl groups 
in the cellulosic backbone polymer [23]. However, the 
low efficiency and frequency of grafting associated 
with ceric ion-initiated graft copolymerization are 
inconsistent with the idea of graft polymer formation 
resulting mainly from propagation by radicals 
formed on the cellulosic backbone polymer. Conse- 
quently, Gaylord and co-workers [2426] proposed a 
mechanism in which the formation of graft polymer 
is considered to result from a donor-acceptor type of 
interaction between cellulose-water-monomer-ceric 
ion complex and uncomplexed monomer. It would 
seem that, although the use of ceric ions to initiate 
graft copolymerization of vinyl monomers on cellu- 
lose has been extensively reported, a gap exists in the 
present knowledge of the mechanism of graft polymer 
formation. For instance, would graft polymer for- 
mation result from the reactions of growing homo- 
polymer chains with radicals formed on the backbone 
polymer? The enhanced frequency of grafting 
reported for methyl methacrylate on plantain pulp in 
the presence of isopropanol was explained in terms of 
the participation of isopropanoyl radicals formed by 
interaction of isopropanol with ceric ions in the 
initiation of poly(methy1 methacylate) chains which 

combined with radicals on the cellulosic backbone 
polymer [27]. It is thought that, if graft polymer 
formation was by way of propagation by radicals 
formed on the backbone polymer, then for compar- 
able reaction conditions, the frequency of grafting 
vinyl monomers should be about the same order of 
magnitude. In a previous report we examined the 
grafting characteristics of acrylonitrile, methyl 
methacrylate and their mixtures on carboxy methyl 
cellulose [28]. The results of that study suggest that 
the radicals formed by the oxidative interactions of 
ceric ions with the backbone polymer are not reactive 
in graft polymer formation. In this report we examine 
the grafting characteristics of methyl acrylate, ethyl 
acrylate and ethyl methacrylate on carboxy methyl 
cellulose. 

EXPERIMENTAL PROCEDURES 

Materials 

Methyl acrylate, ethyl acrylate and ethyl methacrylate 
monomers were purified by extraction with aqueous sodium 
chloride-sodium hydroxide solution and dried over sodium 
sulphate. The stabilizer-free monomers were distilled under 
reduced pressure and the middle fractions were collected as 
pure monomers. Ceric ammonium nitrate and carboxy 
methyl cellulose (CMC) (d.S 0.4-0.5) were used without 
further purification. 

Grafting procedure 

The graft copolymerization procedure was based on the 
method described by Lepoutre and Hui [29]. In a typical 
experiment, 0.5 g of CMC was stirred into 100 ml of distilled 
water overnight and a known amount of ceric ion was 
added. The initiator was allowed to interact with the 
substrate for 30 min and a known amount of the monomer 
was added with stirring. Polymerization was allowed to 
proceed for 15 min and the reaction was stopped by the 
addition of 2 ml of 5% (w/v) quinone solution. The reaction 
mixture was poured into a large excess of a non-solvent 
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Wavenumbers 

Fig. I. Infrared spectra of CMC graft poly(methy1 acrylate) (PMA), poly(ethy1 acrylate) (PEA) and 
poly(ethy1 methacrylate) (PEMA). 

(methanol for reaction mixtures of methyl acrylate and 
ethyl methacrylate and ethanol/isopropanol mixture for 
reaction mixture of ethyl acrylate), filtered and the 
residue air-dried and weighed. The ungrafted homopoly- 
mers were extracted with suitable solvents [acetone 
for poly(methy1 acrylate), methanol for poly(ethy1 acry- 
late), and ethanol for poly(ethy1 methacrylate)]. The 
CMC graft polymer was then air-dried and weighed. The 
per cent graft level, PB, is reported as the weight of 
the grafted polymer divided by the weight of CMC 
used, multiplied by 100. The per cent grafting efficiency, 
PB, is reported as the weight of the grafted polymer divided 
by the weight of the total polymer formed, multiplied by 
100. 

Isolation and molecular weight determination of grafted 
polymer chains 

The grafted polymer chains were isolated from the 
backbone polymer by treatment with glacial 

acetic acid/perchloric acid mixture [30]. The 
molecular weight of the isolated polymer was determined 
by viscosity measurements using the following relation- 
ships [3 11: 

log[q] = log 7.79 x 10m5 + 0.069 log Ii& (1) 

lo&] = log 27.7 x lO-3 + 0.67 log %Iv (2) 

log[q] = log 4.75 x 10-6 + 0.50 log Mv (3) 

for poly(methy1 acrylate) in toluene at 3O”C, poly(ethy1 
acrylate) in benzene at 30°C and poly(ethy1 methacrylate) in 
isopropanol at 37”C, respectively. 

Frequency of graffing 

The weight of the polymer grafted divided by the average 
molecular weight of the grafted chains (Mv) gives the 
number of moles of grafted polymer chains, Ns. 

Table I. Graft copolymerization of vinyl monomers on carboxy methyl cellulose: 
effect of monomer concentration on the grafting characteristics of CMC using 

5 mm01 I-’ ceric-ion atL35”C 

% Graft level (P,) % Grafting efficiency (f’,) 
IMl MA EA EMA MA EA EMA 

0.1 8.26 40.20 20.44 31.19 55.68 37.68 
0.2 15.78 118.12 40.26 43.93 76.48 27.58 
0.3 19.56 170.40 68.22 40.97 59.99 20.55 
0.4 166.64 180.04 95.92 38.56 74.75 22.83 
0.5 290.28 216.30 91.44 60.44 80.04 38.20 
0.6 412.24 167.92 106.42 52.07 79.81 38.72 
0.7 408.32 189.10 108.40 41.99 76.16 35.32 

MA: Methyl acrylate; EA: ethyl acrylate; EMA: ethyl methacrylate. 
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Characterization 

The graft copolymers were characterized by infrared 
spectroscopy using a Fourier Transform Spectrophotomer 
and KBr pellets in the sample preparation. 

RESULTS AND DISCUSSION 

Characterization 

The i.r. spectra of CMC graft copolymers of 
methyl acrylate, ethyl acrylate and ethyl methacrylate 
(Fig. 1) showed absorption bands at 3410, 1750, 1340 
and llOOcm-’ characteristic of CMC, with ad- 
ditional absorption bands at 2950 and 16lOcm-’ 
which belong to poly(methy1 acrylate), at 2950 and 
1650 which belong to the spectrum of poly(ethy1 
acrylate), and at 3000, 2940 and 1650cm-’ which 
belong to the spectrum of poly(ethy1 methacrylate). 

Efect of monomer concentration on the grafting 
characteristics 

The variations in the graft level and grafting 
efficiency of poly(methy1 acrylate), poly(ethy1 acry- 
late) and poly(ethy1 methacrylate) on CMC with 
monomer concentration are shown in Table 1. The 
results show that, except for ethyl acrylate for which 
the initial increase in the graft level with increase in 
monomer concentration reached a maximum level at 
0.5 M monomer and decreased with further increase 
in the monomer concentration, the graft levels gener- 
ally increased with increase in monomer concen- 
tration. The low values of efficiency of grafting 
reported in this study indicate that a large proportion 
of the polymer formed during the grafting reaction 
was not grafted on to the backbone polymer. It seems 
from the results that the order of increasing graftabil- 
ity of the monomers is ethyl methacrylate < ethyl 
acrylate < methyl acrylate. It has been reported that 
the rate of polymerization of acrylate monomers 
decreases with increase in alkyl length [32,33] and 
explanations in terms of changes in diffusion, steric 
hindrance, polarity and solubility with increasing 
monomer size were advanced. The observed variation 
in the values of PB may well be due to these factors. 

The effect of monomer concentration on the mol- 
ecular weight of the grafted polymer chains is shown 
in Fig. 2. It can be seen that, whereas the molecular 
weights of grafted poly(methy1 acrylate) and 
poly(ethy1 acrylate) are of about the same order of 
magnitude and show moderate variations with 
increase in the monomer concentration, the values of 
the molecular weight of grafted poly(ethy1 methacry- 
late) are much higher and increase (by up to 40%) 
with increase in the monomer concentration. The 
variation of the frequency of grafting with monomer 
concentration is shown in Fig. 3. A fixed initiator 
concentration was used for the graft copolymeriza- 
tion. Under these conditions, and assuming that graft 
polymer formation is by way of propagation of 
radicals formed on the backbone polymer (by oxi- 
dative reactions with ceric ions), the frequency of 
grafting would be expected to be about the same 
order of magnitude. The variations of the frequency 
of grafting with monomer concentration and type 
indicate that reactions other than propagation by 
radicals formed on the backbone polymer may lead 
to graft polymer formation. The free radical mechan- 
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Fig. 2. Effect of monomer concentration on the molecular 
weight of grafted polymer chains on CMC at 35°C. 

ism for graft polymer formation proposed by 
Gaylord and co-workers predicts that the extent of 
grafting would depend on the electronic charge 
(e-value) of the monomer, with monomers with 
higher e-values having higher reactivity [34] towards 
graft polymer formation. The approximate e-values 
of the monomers used in this study are methyl 
acrylate (0.60), ethyl acrylate (0.22) and ethyl 
methacrylate (< 0.22). It would seem from the results 
of this study that the mechanism of graft polymer 
formation proposed by Gaylord and co-workers is 
applicable to grafting methyl acrylate, ethyl acrylate 
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Fig. 3. Effect of monomer concentration on the frequency 
of grafting vinyl monomers on CMC at 35°C. 
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Table 2. Graft copolymerization of vinyl monomers on carboxy methyl cellulose: effect 
of ceric ion concentration on the grafting characteristics of CMC using 0.4 M monomer 

at 35°C 

[wwl % Graft level (P,) % Grafting efficiency (P,) 

(mmoll-‘) MA EA EMA MA EA EMA 

3.0 162.00 10.28 56.64 51.62 
4.0 190.40 15.94 51.65 - 62.36 
4.5 206.60 13.28 54.26 59.29 31.96 82.19 
5.0 226.20 184.42 100.42 60.48 80.70 26.41 
5.5 242.44 235.24 101.96 59.86 70.77 25.36 
6.0 244.00 253.24 159.28 59.83 70.74 35.87 
6.5 246.00 237.06 140.76 59.13 75.49 40.89 
7.0 248.24 238.80 144.84 56.56 74.58 42.09 

MA: Methyl acrylate; EA: ethyl acrylate; EMA: ethyl methacrylate. 

Table 3. Grafting of vinyl monomers on carboxy methyl cellulose: effect of ceric ion concentration of the 
molecular weight (Mv) of grafted polymer chains and frequency of grafting using 0.4 M monomer at 35°C 

ww1 10m5 Rv of grafted polymer chains 
(mmol I_‘) PMA PEA PEMA 

4.0 4.50 - 
4.5 4.22 8.00 
5.0 3.53 3.45 21.80 
5.5 3.36 3.18 - 
6.0 3.12 20.77 
6.5 3.18 2.78 12.37 
7.0 2.84 1.56 12.20 

Frequency of grafting (IO’ N,/lOO g CMC) 
PMA PEA PEMA 

42.31 
48.96 6.18 
64.08 53.46 4.6 1 
12.15 73.97 

81.17 1.66 
71.36 85.21 II.38 
87.41 153.08 Il.87 

and ethyl methacrylate on carboxy methyl cellulose in 
aqueous medium. 

Effect of initiator concentration on grafting 
characteristics 

Table 2 shows the effect of ceric ion concentration 
on the graft level and efficiency of grafting methyl 
acrylate, ethyl acrylate and ethyl methacrylate on 
CMC at 35°C. The results show the initial increase in 
graft level with increase in initiator concentration 
levels off and decreases with further increase in 
initiator concentration. The reactivities of the 
monomers towards graft polymer formation follow 
the same order as observed for the dependence of 
graft level on monomer concentration. The values of 
efficiency of grafting also indicate that a large pro- 
portion of the polymer formed is not grafted on to the 
backbone polymer. The molecular weights of the 
grafted polymer chains are shown in Table 3 as 
functions of ceric ion concentration. It can be seen 
that the molecular weights of grafted poly(ethy1 
methacrylate) are markedly higher than those for 
poly(ethy1 acrylate) and poly(methy1 acrylate). It 
would seem from the dependence of the molecular 
weight of grafted polymer chains on ceric ion concen- 
tration that termination of graft copolymerization 
would proceed by the reaction of the growing graft 
polymer chain with ceric ions. The amounts of 
initiator used in this study are small compared to 
the monomer concentration. It is unlikely that the 
marked reductions in the molecular weight of the 
grafted polymer chains would be caused by this type 
of interaction. 

The variation in the frequency of grafting poly 
(methyl acrylate), poly(ethy1 acrylate) and poly(ethy1 
methacrylate) on CMC with ceric ion concentration 
is shown in Table 3. The frequency of grafting 
depends on the monomer type: the higher the elec- 
tronic charge (e-value), the higher the reactivity of the 
monomer towards graft polymer formation. The 

frequencies of grafting reported in this study are 
relatively low, and indicate either that all the anhy- 
droglucose units on the backbone polymer are not 
available for the reaction with ceric ions (that would 
lead to the formation of radical sites) or that the 
radicals produced on the backbone polymer are not 
reactive towards graft polymer formation. 

The results of this study have shown that the 
frequency of grafting on to CMC depends both on 
the monomer and ceric ion concentrations and on the 
e-value of the monomer. These results are consistent 
with the suggestion that graft polymer formation will 
result not from propagation by radicals formed on 
the backbone polymer but rather from the termin- 
ation of growing homopolymer chains on the back- 
bone polymer. The low frequencies of grafting 
reported in this study suggest that grafting occurred 
at the reducing end groups on the backbone polymer. 

Acknowledgements-Part of this work was carried out at the 
laboratories of the University of Bristol, England, while 
DE0 was on a World Bank Loan sponsored research leave. 
The authors are grateful to the University of Benin for the 
research grant URPC 60/489 to FEO. 

REFERENCES 

1. A. Hebeish and J. T. Guthrie. The Chemistry and 
Technology of Cellulosic Copolymers. Springer, Berlin 
(1981). 

2. A. Y. Kulkarni and P. C. Mehta. J. appt. Polym. Sci. 
12, 1321 (1968). 

3. A. Hebeish and P. C. Mehta. J. appl. Polym. Sci. 12, 
1625 (1968). 

4. H. Pledger Jr, G. S. Wu, T. S. Young, T. E. Hogen-Esch 
and G. B. Butler. J. Macromol. Sci. Chem. A22, 1297 
(I 985). 

5. T. Graczyk and V. Hornof. J. Macromol. Sci. Chem. 
A25, 1633 (1988). 

6. D. S. Sood, J. Kishore and B. N. Misra. J. Macromol. 
Sci. Chem. A22, 263 (1985). 



Graft copolymerizations of modified cellulose 315 

7. A. Hebeish, M. H. El-Rafil and M. I. Khalil. Angew. 21. 
Makromol. Chem. 101, (1981). 

8. F. E. Okieimen and J. E. Ebhoaye. J. appl. Polym. Sci. 22. 
31, 1275 (1986). 

9. C. E. Brockway. J. Polym. Sci., Polym. Chem. Edn 2, 23. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

3721 (1964). 
G. F. Fanta, R. C. Burr, C. R. Russel and C. E. Rist. 
J. appl. Polym. Sci. 13, 133 (1969). 
F. E. Okieimen and K. I. Idehen. Angew. Makromol. 
Chem. 164, 93 (1988). 
G. F. Fanta, R. C. Burr and W. M. Doane. J. appl. 
Polym. Sci. 25, 2285 (1980). 
G. Mino and S. Kaizerman. J. Polym. Sci. 31, 242 
(1958). 
S. R.‘Shukka, G. V. Gopala Rao and A. A. Athalye 
J. aool. Polvm. Sci. 42. 2163 (1991). 
S. R Shukka and A. ‘R. Athalye: Polymer 33, 3729 
(1992). 
I. C. Eromosele. J. appl. Polym. Sci. 53, 1709 
(1994). 
S. N. Sathe, G. S. Srinvassa Rao and S. Devi. J. appl. 
Polym. Sci. 53, 239 (1994). 
S. R. Shukka and A. R. Athalye. J. appl. Polym. Sci. 54, 
279 (1994). 
Y. Iwakura, Y. Imai and K. Yagi. J. Polym. Sci., Part 
A 6, 801 (1965). 
A. Hebeish and P. C. Mehta. Cellulose Chem. Technol. 
3, 469 (1969). 

24. 

25. 
26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

Y. Iwakura, T. Kurosaki and Y. Imai. J. Polym. Sci., 
Part A 3, 1185 (1965). 
G. Mino, S. Kaizerman and E. Rasmussen. J. Polym. 
Sci. 39, 523 (1959). 
Y. Oaiwara, Y. Oaiwara and H. Kubota. J. Polvm. Sci., 
Part IA 5,2791 (1967). 
N. G. Gaylord and L. C. Anard. J. Polym. Sci. Polym. 
Letf. Edn 10, 285 (1972). 
N. G. Gaylord. J. .Polyh. Sci., Parf C 37, 153 (1972). 
N. G. Gavlord. J. Macromol. Sci. Chem. AlO, 737 
(1976). - 
F. E. Okieimen and I. N. Urhoghioe. Angew. Makro- 
mol. Chem. 182. 63 (1990). 
F. E. Okieimen and D. E. bgbeifun. J. oppl. Polym. Sci. 
(in press). 
P. Lepoutre and S. H. Hui. J. appl. Polym. Sci. 18, 1257 
(1975). 
R. S. Dennenberg and T. P. Abbott. J. Polym. Sci. 
Polym. L.&t. Edn. 14, 693 (1976). 
M. Kurata, Y. Yasunashina, M. Iwana and K. 
Kamanda. In Polymer Handbook (edited by J. Brandrup 
and E. H. Immergut). Wiley, New York-(1975). 
M. Neaishi. Y. Nakamura. T. Kakinuma and Y. 
Hzuka.-J. appl. Polym. Sci. 9, 2227 (1965). 
D. S. Varma and V. Narasimha. J. appl. Polym. Sci. 16, 
3325 (1972). 
D. J. McDowall, B. S. Gupta and V. T. Stannett. Prog. 
Polym. Sci. 10, 1 (1984). 


