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Abstract.1 Di-methacrylated PLA-PEG-PLA triblock co-
polymers of polylactide and polyethylene glycol were 
synthesized in one-step process by bulk cationic 
polymerization of lactide in the presence of PEG with 
different average molecular weights, using Maghnite-H+, 
an acidic montmorillonite clay, as a solid non-toxic 
catalyst. The obtained di-methacrylated copolymer was 
analyzed by 1H NMR and DSC. The effect of Maghnite-
H+ proportions and PEG average molecular weight on the 
copolymerization and methacrylation yields and on 
average molecular weight of the resulting copolymers was 
studied. 
 
Keywords: ringopening, polymerization, block copoly-
mers, cationic polymerization, methacrylate copolymers, 
montmorillonite. 

1. Introduction 
Functional triblock copolymers based on 

polylactide (PLA) and polyethylene glycol (PEG) have 
recently attracted great interest due to their biocompatible 
and biodegradable nature. The synthesis of these 
amphiphilic block copolymers and their applications in 
biomedical field such as in drug delivery has been largely 
described in the literature [1-11]. Recently, bioadsorbable 
hydrogels have been made from a block copolymer of 
PLA and PEG, both having biocompatible and 
biodegradable nature, and were applied to the develop-
ment of micelle-like nanoparticles as chemotherapeutic 
carrier [12-17], short interfering RNA delivery system for 
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heart regeneration [18], vaccine delivery system against 
hepatitis B [19,20], injectable scaffolds in the tissue 
engineering [1-3], etc. 

The principal method used for the synthesis of di-
methacrylated block copolymer PLA-PEG-PLA consists 
of two steps: the synthesis of di-hydroxyl PLA-PEG-PLA 
by the polymerization of lactide in the presence of PEG as 
macro-initiator using organo-metallic catalysts, such as 
stannous octoate [1, 13, 19-23], and esterification reaction 
by methacryloyl chloride or methacrylic anhydride to 
produce di-methacrylated copolymers [23-24]. For 
biomedical applications, traces of metallic catalysts must 
be absolutely removed from the polymer because of its 
toxicity. Therefore, purification of the resulted product 
requires more rigorous and expensive methods [24-25]. 

Maghnite-H+ is acidified Algerian montmorillonite 
clay. It exhibits a high cationic exchange capacity (CEC = 
= 91 meq/100g) [26] and good efficiency for cationic 
polymerization of vinylic and heterocyclic monomers [27-
31] and presents the advantage to be non-toxic, ecologic, 
economic, and regenerable by simple filtration. 

In this work, we propose to use Maghnite-H+ as non-
toxic catalyst for the synthesis of PLA-PEG-PLA di-
methacrylated tribolck copolymer. This method permits to 
obtain the functional copolymer with a good yield and totally 
free of traces of catalyst by a simple solubilization and 
filtration method. This copolymer was analyzed by 1H NMR 
and DSC. The effect of Maghnite-H+ proportions and PEG 
average molecular weight on the copolymerization and 
methacrylation yields and on the average molecular weight 
of the resulting copolymers was studied. 

2. Experimental 

2.1. Materials 

PEG (Mn =1000, 2000 and 3000) were purchased 
from Aldrich Chemical (France). methacryloyl chloride 
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(>97 %), dichloromethane and diethyl ether (Sigma 
Aldrich, France) were used as received. DL-lactide 
(Sigma Aldrich, France) was purified by recrystallization 
in ethyl acetate before use. 

2.2. Characterization 

1H NMR and spectra were recorded in (DMSO-6d) 
on a Bruker spectrometer 300 MHz. X-ray diffraction 
(XRD) of Maghnite was performed on a Brucker D8 
Advance. The measures were performed between 0° and 
70° using a 0.02° step. Differential scanning calorimetry 
(DSC) measurements were carried out under nitrogen on a 
Perkin Elmer Instrument DSC6 thermal analyzer. Samples 
were submitted to a first heating scan followed by a fast 
cooling (20 K/min) to 208 K and a second heating scan at 
10 K/min to 453 K. Glass transition temperature (Tg) was 
measured on the second heating ramp.  

2.3. Preparation of Maghnite-H+ 

The preparation of the catalyst was made by the 
treatment of pre-treated Maghnite (procured from ENOF 
society Maghnia -ALGERIA-) with a solution of 0.25M 
sulfuric acid as described by Belbachir et al. [20]. 30 g of 
pretreated Maghnite were stirred in 100 ml of distilled 
water. After 2 h, 100 ml of an aqueous solution of 0.5M 
sulfuric acid were added and stirred for 48 h. The clay was 
then filtered, rinsed with distilled water, dried in an oven 
at 383 K, crushed and stored away from moisture. 

 

2.4. Synthesis of Di-Metacrylated PLA- 
PEG -PLA Triblock Copolymer 

The reaction of copolymerization of DL-lactide 
with PEG was conducted in bulk with Maghnite-H+ as 
catalyst. 1 g (6.9 mmol) of DL-lactide, 0.69 mmol of 
PEG, and 0.1 g (10 % w/w of lactide) of dried Maghnite-
H+ were stirred at 393 K. After 48 h the product was 
cooled  at room  temperature.  A  solution  of 2.8 mmol  of 

methacryloyl chloride in 10 ml of dichloromethane (4 eq. 
of methacryloyl/polymer chain) was then added dropwise. 
The reaction was maintained at room temperature for 1 h 
and then heated at 353 K for 3 h. At the end of the 
reaction, the product was cooled to room temperature and 
solubilized in 10 ml of dichloromethane. The obtained 
solution was filtered to remove the catalyst and 
precipitated in 100 ml of cold diethyl ether. The product 
was then dried under reduced pressure, weighed and 
analyzed by 1H NMR and DSC. 

3. Results and Discussion 

3.1. Characterization of the Catalyst 

The X-ray diffraction spectrum of Maghnite is 
reported in Fig. 1. The appearance of a series of 
characteristic peaks confirms that Maghnite is composed 
essentially by montmorillonite fraction (Table 1). The 
characterization measurements [26, 30-31] show that 
Maghnite is an aluminosillicate montmorillonite clay with 
the basic repeating unit of [Si4O10Al3+(2−x)Mg2+x(OH)2]. 
It exhibits a cationic exchange capacity (CEC = 
91 meq/100g) and specific surface area (SSA) of 
710 m2/g.  

 

 
 

Fig. 1. XRD diffraction of raw Maghnite 
 

Table 1 

XRD characteristics of Maghnite 
Position 2θ Cu Kα dhkl, Ǻ Phase identification 

6.00 14.72 Montmorillonite (MT) 
20.00 4.44 Montmorillonite (MT) 
20.90 4.25 Quartz (Q) 
26.00 3.75 Montmorillonite (MT) 
26.60 3.35 Quartz (Q) 
27.35 3.21 Feldspath (F) 
35.00 2.56 Montmorillonite (MT) 
55.00 1.67 Montmorillonite (MT) 
62.00 1.50 Montmorillonite (MT) 

 



Mohamed Benachour et al.   

 

476 

3.2. Synthesis of Di-Methacrylated 
Poly(lactide-block-ethylene glycol -
block-lactide) 

Di-methacrylated PLA-PEG-PLA triblock copoly-
mer was synthesized by cationic polymerization of D,L-
lactide in the presence of polyethylene glycol as a 
termination agent, using Maghnite-H+ as non-toxic solid 
catalyst and by adding methacryloyl chloride in the second 
phase of the reaction (Scheme 1). This alternative method 
permits to obtain the functional copolymer with a good 
yield and free of catalyst traces, in this case the solid 
catalyst was totally removed by a simple filtration after the 
solubilization of the copolymer in an appropriate solvent 
[20]. The proof for this copolymerization was obtained by 
1H NMR and DSC. Chromatograms resulting from gel per-
meation chromatography (GPC) analysis were monomodal, 
which confirm the absence of PLA homo-polymers. 

1H NMR (Fig. 2) shows peaks at 5.1 and 1.4 ppm, 
corresponding to the PLA methine and methyl groups, and 
a peak at 3.4 ppm, corresponding to the PEG methylene 
groups. The peak at 4.1 ppm is assigned to the methylene 
groups in PEG segments next to the –COO– group of 
PLA. The presence of methacrylate groups at the end of 
copolymer chains  is  confirmed  by  the  two  peaks at 6.1  

and 5.7 ppm assigned to the vinylic protons. This 
spectrum is in good agreement with those corresponding 
to difunctional methacrylated PLA-PEG-PLA triblock 
copolymer published in the literature [1, 24-25]. The 
number-average molecular weight of the PLA block was 
estimated from the integrations of the peaks at 3.4 ppm 
(I3,4) and 5.1 ppm (I5,1) and average molecular weight of 
used PEG as described in a previous work. The 
methacrylation yield was also determined by comparing 
the integrations peak of vinyl protons (6.1 and 5.7 ppm) 
with non-methacrylated PLA chain ends at 4.3 ppm. 

3.3. Thermal Properties 
Thermal properties of the resulted di-methacrylated 

PLA- PEG -PLA copolymer are studied by differential 
scanning calorimetry (DSC). The results are shown in Fig. 
3. Glass transition temperature Tg of the material was 
observed at 235 K. During the heating process, one 
crystallization peak appears at Tc = 267.12 K and also one 
melting peak is observed at Tm = 310.82 K. These results 
are in good agreement with those reported in the literature 
for functional PLA- PEG -PLA copolymers [24, 31-33]. 
The presence of one value of Tg, different from those of 
the two homopolymers PLA and PEG confirms that only 
PLA-PEG-PLA was obtained and not a mixture of PLA 
and PEG homopolymers [32, 35]. 
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Scheme 1. Di-methacrylated PLA-PEG-PLA synthesis by Maghnite-H+
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Fig. 2. 1H NMR of the resulted diacrylated PLA-PEG-PLA  
by Maghnite-H+ ( solvent DMSO 6d) 

 

 
 

Fig. 3. DSC thermogram of the resulted di-methacrylated PLA-PEG-PLA 
 
3.4. Kinetics of the Reaction   

3.4.1. Effect of Maghnite-H+ amount 

The effect of the catalyst amount is shown in  
Figs. 4, 5 and Table 2. The results show that the 
copolymerization yield increases with the amount of 
Maghnite-H+. The effect of Maghnite-H+ as a 
cationic catalyst for polymerization of lactide is 
clearly shown. Fig. 5 shows the effect of catalyst 
amount on the average molecular weight of the 
resulting copolymer. The curve shows a decrease of 

the molecular weight of the PLA block with 
increasing amount of the catalyst. This is explained 
by the increase of the number of active sites with 
catalyst amount, which promote the initiation step to 
the propagation detriment and cause higher reaction 
yields but also reduce values of Mn. Maghnite-H+ 

proportions affect also the methacrylation yield of the 
resulted copolymer. As shown in Table 2, the metha-
crylation yield increases with Maghnite amount, 
confirming that Maghnite catalyzes also the metha-
crylation reaction of PLA-PEG-PLA copolymer. 
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Table 2 

Di-methacrylated PLA-PEG-PLA by Maghnite H+ ([Lactide]/[PEG] in feed = 10,  
[Methacryloyl Chloride]/[PEG] in feed = 4, T = 393 K) 

Mn of PEG Amount of catalyst, % w/w Copolymerization yield, % Methacrylation yielda, % Mn of PLA blockb 
2 8 12 560 
4 35 35 460 
6 42 57 400 
7 63 72 370 
8 76 87 347 

1000 

10 89 91 319 
2 7 11 671 
4 39 27 512 
6 43 53 450 
7 68 67 412 
8 77 82 380 

2000 

10 91 89 346 
2 12 7 593 
4 42 22 534 
6 54 49 476 
7 72 52 440 
8 80 60 425 

3000 

10 89 63 425 
 

Notes: a Methacrylation yield was determined by comparing the integrations peak of vinyl protons (6.1 and 5.7 ppm) with 
non-methacrylated PLA chain ends at 4.3 ppm; b Estimated from the integrations of the peaks at 3.4 ppm (I3,4) (PLA block) and 
4.8 ppm (I4,8) (PEG block) and average molecular weight of used PEG as described in the literature [24] 

 

 
 

Fig. 4. Effect of Maghnite proportion on the copolymerization yield 
 
3.4.2. Effect of the PEG Mns on the reaction 

The effect of Mn values on the yield of the 
reaction and on the PLA block length in the resulted 
copolymer was also studied. As shown in Figs. 4, 5 and 
Table 2, the nature of the used PEG in the reaction does 
not seem to affect the reaction, and the average molecular 
weights of PLA block and the yield of the reaction 
appears independent of the length of the used PEG. 

These results are probably explained by the 
nature of the reaction conducted in bulk phase, in 

which the reactivity of the used PEG is not affected by 
their sizes. 

The comparison of methacrylation yields (Table 2) 
obtained with PEG1000, PEG2000 and PEG3000, shows 
the decrease of the methacrylation yields with the 
copolymer chain length. This PEG reactivity inversely 
proportional to the length of polymer chains may be 
explained by the less accessible hydroxyl end groups of 
PLA-PEG-PLA copolymers for the reaction of 
methacrylation in longer polymer chains.  
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Fig. 5. Effect of Maghnite proportion on the length of PLA block 
 

4. Conclusions 

This paper reports on the use of Maghnite-H+ as a 
non-toxic catalyst to produce di-methacrylatedpoly 
(lactide-block-ethylene glycol -block-lactide) functional 
copolymers. Due to the heterogenic aspect of the reaction, 
this simple and effective method provides a material 
totally free of catalyst traces observed with homogeneous 
classical catalysts, such as organometallic alcoxide. The 
structure of the resulted functional copolymer was 
analyzed by 1H NMR and DSC. The effect of the amount 
of Maghnite–H+ and the PEG length on the reaction was 
also investigated. The copolymerization and methacry-
lation yields increase with increasing Maghnite pro-
portions. The average molecular weight of the PLA block 
decreases with Maghnite proportions. The methacrylation 
yield decreases with the length of the used PEG. 
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ПРЯМИЙ СИНТЕЗ І ХАРАКТЕРИСТИКА 
ФОТОЗШИТОГО БІОДЕГРАДАБЕЛЬНОГО 
ТРИБЛОК-КОПОЛІМЕРА PLA-PEG-PLA З 

МЕТАКРИЛАТНИМИ ФУНКЦІЙНИМИ ГРУПАМИ 
В ПРИСУТНОСТІ КАТАЛІЗАТОРА НА ОСНОВІ 
ЗЕЛЕНОЇ МОНТМОРИЛОНІТОВОЇ ГЛИНИ 

 
Анотація. Диметакриловані триблок-кополімери PLA-

PEG-PLA полілактиду (PLA) і поліетиленгліколю (PEG) 
синтезовані внаслідок одностадійної катіонної полімеризації в 
масі лактиду в присутності PEG з різними молекулярними 
масами. Мaghnite-H+, кислотна монтмориллонитова глина, 
використана як твердий нетоксичний каталізатор. За 
допомогою 1Н ЯМР і ДСК проведено аналіз одержаного диме-
такрилатного сополімеру. Досліджено вплив кількості 
Maghnite-H+ та середньої молекулярної маси PEG на виходи 
кополімеризації та метакрилування, а також на середню 
молекулярну масу отриманих кополімерів. 

 
Ключові слова: розкриття кільця, полімеризація, блок-

кополімери, катіонна полімеризація, метакрилатні кополімери, 
монтморилоніт. 

 


