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Preparation of functional microspheres by polymerization 
using macromonomers

Sum m ary —  Methyl methacrylate (MMA) was transesterified with p oly eth y 
lene glycol) monomethyl esters to yield four polyethylene glycol) 
monomethyl ether methacrylates (MPEGMA). Tire resulting m ono
m ethylacrylate m onom ers w ere used as stabilizing agents in dispersion  
polymerization of allyl methacrylate (AMA) or an AM A— M M A m ixture. 
Functional microspheres were prepared and their preliminary characteristics 
is given.
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Polym er microspheres are used in various fields of 
science and technology, e.g ., in medical diagnostics, 
packing of haemoperfusion columns [1 ], drug delivery 
systems [1, 2], calibration standards, etc. [3]. M acro
spheres having functional groups on their surfaces, 
which enable the active agent to be chemically bonded, 
are indispensable for various applications.

Epoxy groups, which are able to react with numerous 
com pounds even under m oderate conditions, belong to 
such functional groups [4]. Microspheres of this type 
are usually obtained directly from monomers contai
ning epoxy group (glycidyl methacrylate, etc.). In the 
direct m ethods including emulsion or suspension poly
merization, epoxy groups are in part consumed by side 
reactions, e.g ., hydrolysis. It can be foreseen that m icro
spheres having epoxy groups on the surface could be 
obtained also in an indirect manner, i.e., by epoxidation 
of double bonds originating from allyl methacrylate at 
the surface of microspheres.

Microspheres can be obtained by using chemical m e
thods, e.g ., by polymerization carried out so that spheri
cal particles of a polym er are formed, as well as by phy
sical m ethods, e.g ., from the existing polymers [1]. One 
of the chemical methods is dispersion polymerization,
i.e., a solution— precipitation process run in the presen
ce of a dispersion stabilizing agent. During this process, 
spherical particles precipitate from an initially hom oge
neous reaction m ixture. Polymer particles formed have 
usually narrow  size distribution and their average dia
m eter is within the range of 1— 10 pm [3, 5]. H om o
polymers, block and graft copolymers, as well as m a
crom onom ers soluble in the reaction mixture are used 
as stabilizing agents. Tire m acrom onom ers take part in 
the copolymerization. Their long chains are concentra
ted on the surface of the polym er particles precipitating

from the solution, thus forming a protective layer 
preventing coagulation [3].

The aim of this study is to investigate the possibility 
of the synthesis of m acrom onom ers of the m ethoxy- 
polyethylene glycol m ethacrylate (MPEGMA) type by 
transesterification of methyl m ethacrylate (MMA) with 
corresponding methoxypolyethylene glycol (MPEG) and 
the use of these m acrom onom ers as stabilizing agents 
in preparation of functional m icrospheres by dispersion 
polymerization or copolymerization of allyl m ethacry
late (AMA). The products of the latter m ay be conside
red to be precursors of epoxy functional microspheres.

EXPERIMENTAL

M aterials

Polyethylene glycol m onomethyl ethers of molecular 
weight 550, 750, 2000, 5000 (FLUKA), methanol (POCh, 
Gliwice) were used as received; methyl methacrylate 
(Z.Ch. Oświęcim) and allyl m ethacylate (ALDRICH) 
were purified by treating with a solution of N aO H  and 
NaCl and then dried over anhydrous CaCl2; benzoyl 
peroxide (ARGON, Łódź) w as dissolved in chloroform  
at room temperature and precipitated in methanol; po
tassium carbonate (POCh, Gliwice) w as heated for 7 h 
at 1 2 0 °C.

Synthesis of M PEG M A  2000 m acrom onom er

To a 100-cm 3 round-bottomed flask equipped with a 
stirrer, column and condenser, 3.6 g (0.036 mol) of 
MMA, 36 g (0.018 mol) of MPEG 2000, 0.92 g of K2CO, 
and 0.0003 g of hydroquinone m onomethyl ether (an 
inhibitor) were added. The reaction m ixture was heated
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to boil and the M M A— methanol azeotrope was distil
led off. After 1 h, 0.46 g of K2C 0 3 and 0.36 g (0.0036 
mol) of M M A w ere added. Heating w as continued until 
the tem perature at the top of the column dropped and 
simultaneously the temperature in the flask rose; then 
the m ixture was allowed to cool. W hen cooled to below  
60°C the reaction mixture partly solidified. The solid 
was filtered off from the low amount of the liquid and 
dried in vacuum  to constant weight at room tem peratu
re; yield of MPEGM A, 30.4 g (82%).

The synthesis of MPEGMA 5000 was run in an analo
gous w ay (yield, 81%). MPEGMA 550 and 750 did not 
separate from the reaction mixture; unreacted MMA 
was distilled off under vacuum  (yields, 95 and 82%, re
spectively).

D ispersion polym erization

Polymerization w as carried out in a nitrogen atm o
sphere in sealed glass ampoules equipped with a m a
gnetic stirrer. The m onom ers (AMA-MMA 1:1, 
m o l/m ol), 5% solution in methanol, 1% of benzoyl per
oxide and 1%, 2.5% or 5% of MPEGMA (w /w , in rela
tion to the m onomers) were placed in the ampoules. 
The ampoules w ere evacuated, refilled with nitrogen 
and sealed, then stirred at 70°C for 4 h. The precipitate 
was separated by filtration, washed with methanol, and 
dried to constant weight at room temperature.

Characterization of polym ers and m icrospheres

’H-NM R spectra of solution of the products in CDC13 

were recorded by using a UN ITY/IN O V A (VARIAN) 
300 M H z spectrom eter (pulse delay equal to 1 s). TMS 
w as used as an internal standard.

IR spectra of samples in KBr pellets or films were re
corded in BIO-RAD FTS 175 L spectrometer.

N um ber-average molecular weight M„(VPO) was de
termined at 37°C in chloroform on a Knauer & Co 
GmbH vapor-phase osmometer.

SEM m icrophotographs of m icrospheres w ere obtai
ned by using a TESLA BS 340 scanning electron m icro
scope.

RESULTS AND DISCUSSION

Synthesis of m acrom onom ers

Recently, m ethacrylates and acrylates of alkyl ethers 
of poly(ethylene glycol) are arousing an ever increas
ing interest. They are usually prepared in the reaction 
of poly(ethylene glycol) derivatives with methacrylic 
acid chloride [6— 1 0 ] or, when terminating with metha- 
cryloyl chloride, by polymerization of ethylene oxide 
initiated by alcoholates [6 ].

In the present study, MPEGMA was obtained by 
direct transesterification of M M A w ith M PEG, the m e

thod employed recently in the synthesis of di-, tri- and 
tetraethylene glycol m onom ethacrylates [11, 12]. There 
are no reports on the application of this simple method  
to the synthesis of m ethacrylate m acrom onom ers, 
except for a single patent information [13]. Anhydrous 
KjCOj w as used as a catalyst; its preparation seems to 
be more convenient than that of the catalysts mentio
ned in [13], i Ca(O H )2 and LiCl.

? Н з о

H2C = C -C  + H 0 - (C H 2- C H 2- 0 ) n- C H 3 
OCH3

I- CH3OH

CH HO
h 2c= c - ć*

0 - ( C H 2- C H 2- 0 ) „ - C H 3

(1)

The synthesis was carried out by using a commercial 
grade MPEG with molecular w eight of 550, 750, 2000 or 
5000. All MPEGs are soluble in w ater, methyl m etha
crylate and chloroform; however, M PEG 550 and 750 
solutions in chloroform are slightly turbid.

The action of a m acrom onom er as a stabilizing agent 
is known to depend on chain length [3]. Therefore, in 
order to characterize the reactants m ore precisely, the 
numbers of oxyethylene units, n, in the starting com 
pounds of CH 30 (C H 2CH 20 ) nH  type, w ere calculated  
from the nominal molecular weight values given by the 
manufacturer of MPEG, from M„(VPO) values, and 
from the relative intensities of appropriate signals in 
’H-NM R spectra (n(NOM)/ n(VPO) and n(CH _0 j, respectively). 
For the latter, the length of chain n w as calculated on 
the basis of signal intensities (Fig. 1) of the m ethoxy  
group (5CH _0 = 3.38 ppm) and chain methylene groups 
(6CH 0 = 3.52— 3.53 ppm) by using the formula (1):

where: I,„ Ib are the in tensities o f  s ign als  o f  m ethy l CH3- 0 -  
an d  m ethy len e -O C H 2C H 2- p roton s in M P E G  (Fig. 1).

The n-values obtained on various w ays are practical
ly equal to each other in the case of MPEG 550 and 750. 
In the case of MPEG 2000 and 5000, the M„-values de
termined by the VPO method are higher than the nom i
nal values and n (VP0) values are m uch higher than those 
estimated by other m ethods (Table 1).

The transesterification products are solids (MPEGMA  
2000 and 5000) or semi-solids, soluble in w ater and 
com m on organic solvents.

The signals in the ’H-NM R spectrum  of MPEGMA  
(Fig. 2) correspond to the expected reaction products, i.e., 
CH 30 (C H 2CH 20 ) n.1CH 2CH 20 0 C C (C H 3)=CH 2. As com 
pared with the spectrum  of starting M PEG, the spec
trum of MPEGMA contains the characteristic signals of 
methyl (5CH c = 1.93 ppm) and methylene (5CH = 6.11 
and 5.56 ppm) protons of the m ethacrylate group. The 
presence of the signal at § = 4.28 ppm , which can be as-



676 POLIMERY 2000, 45, nr 10

Fig. 2. 'H-NMR spectru m  o f  M P E G  550

Fig. 2. ]H -N M R  spectru m  o f  M P E G M A  5 5 0
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T a b i c  1. The number « of oxyethylene units in 
CH30(C H 2CH20)„H

Molecular weight of 
MPEG

Value of n

nominal M„(VPO) H(NOM) "(Vno) "(CH, -O)
550 430 12 9 12
750 590 16 13 17

2000 2000 45 45 43
5000 4950 113 112 120

,!(nom) — calculated for nominal molecular weight taken from the pro
ducer; H(vpo) — calculated for M„(vro); n(CHj_0) — calculated from 
H-NMR spectra according to eqn. (1).

signed to the methylene protons adjacent to the ester 
group - CH 2OOC-, indicates the formation of the ester. 
There are no signals in the MPEGMA spectra attributa
ble to hydroxyl groups. Such signals are present in the 
spectra of MPEG (Fig. 1).

The IR spectra of the transesterification products 
exhibit the bands of stretching vibrations of C=CH 2 of 
the m ethacrylate group (vc=c = 1633— 1639 cm '1), ester 
carbonyl group (vc=0 = 1717— 1721 cm '1), and ester C-O  
of a,|3-unsa tura ted acids (vc .0 = 1281— 1297 cm '1).

Similarly as in the case of starting MPEGs, the chain 
length expressed as n was calculated for m acrom ono
mers. By using NM R spectra, chain length w as calcula
ted from the signal intensity ratio of the methylene pro
tons in the chain to the methyl protons of the two end 
groups, m ethoxyl and methacrylate. By using ’H-NMR  
spectra, the mole ratio of the two end-groups in MPEG
MA, theoretically equal to 1, w as calculated.

The value n(CH was calculated from the intensity of 
the m ethoxy end group signal as:

n(CH.,-0)
3 ( W ,- )

4f„
(3)

where : IL. a r e  the in tensities o f  the sign als o f  m ethyl
C H 3- 0 - ,  m ethy len e -O C H 2C- an d  -C -C H 2O O C - p rotons in 
M P E G M A .

The value n(CH C) w as calculated from the intensity of 
the signal of methyl group of methacrylate end group 
as

%N,-C)
Ж  + К )

4/,. (4)

where: IL, den otes the in tensity  o f  the sign als o f  m ethyl p ro 
tons in m ethacry la te g rou p  at  8 = 1.93 ppm .

The above results were com pared with the chain 
length calculated from M„(VPO) and nominal molecular 
weight (Table 2 ). In the case of the m acrom onom ers 
synthesized from MPEGs of lower molecular weight, 
the values of n obtained in different w ays are similar to 
each other and the ratio of the end groups expected in 
the product is close to 1. The values of M„(VPO) and 
n(vr>o) f ° r higher m acrom onom ers are distinctly higher

T a b l e  2. The number n of oxyethylene units and ratio of the end 
groups in CH20(C H 2CH20)„00C C (C H 3)=CH2

Macromonomer M/r(VI>o) "(NOM) /7(VI»0) /I"(СНд-О) 11"(СНд-С)
СН.-С/
CHj-0

mol/mol

MPEGMA 550 546 12 10 12 11 1.04
MPEGMA 750 756 16 15 16 18 0.90

MPEGMA 2000 4300 45 95 43 54 0.87
MPEGMA 5000 6600 113 148 63 156 0.46

”(cH,-o) anc* ”(ch,-c) — calculated from relative intensities of respec
tive signals in H-NMR spectra according to eqns. (3) and (4).

than those obtained by other m ethods. Discrepancies, 
however, appear in the case of M PEGM A 500; the n va
lues calculated from signal intensities of the protons of 
the two end groups, i.e., и(СН _0) and n CH _Q, are quite 
different. In this case, the number of m ethoxy groups 
deduced from the 1 H-NM R is twice as high as that of 
methacrylate groups. This fact can hardly be ascribed to 
the inaccuracy of the NMR m ethod for M„ ~ 5000. H o
wever, basing on the NMR spectra, the product of the 
transesterification can be assum ed to contain no dim e
thacrylates, but only some am ount of dimethyl ether of 
PEG.

D ispersion polym erization

AM A and a (1:1, by moles) m ixture of AM A:M M A  
was subjected to dispersion polymerization in the pre
sence of each of the m acrom onom ers obtained. Concen
trations of the latter were 1%, 2.5% or 5% (w /w ) in re
lation to the sum of AM A and MM A. The polym eriza
tion was carried out for 12— 24 h.

W hen the process w as carried out in the (65:35 v /v )  
m ethanol/benzene system, only non spherical particles 
or agglomerates were obtained. The polym er yield cal
culated in relation to the m onom er and m acrom onom er 
weights after 12 h was 69— 85%, whereas that of the 
A M A /M M A  copolym er after 24 h did not exceed 21%.

The polymerization carried out in methanol yielded 
spherical particles in a m uch shorter time, since poly
m er precipitation started after as few as 80 min. There
fore, the polymerization time was shortened to 4 h. 
SEM photom icrographs (Fig. 3) illustrate the influence 
of the m acrom onom er concentration and of the length 
of its chain on the microsphere size and size distribu
tion. At the same m acrom onom er concentration, the 
diam eter of the microspheres obtained decreases with 
the rise in the m olecular weight of M PEGM A, i.e., as 
the length of its hydrophilic chains is increased. Avera
ge diameters of the microspheres, calculated from SEM 
microphotographs, were within the range 0.5— 1.5 pm; 
standard deviations were ca. 25% of m ean values.

Poly-AM A and AM A-M M A copolym er microspheres 
did not dissolve in organic solvents, perhaps because of 
crosslinking on account of the reaction of part of the 
AM A allyl groups in the polymerization process.
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Fig. 3. SE M  photom icrographs (4000x) o f  po ly (A M A /M M A ) m icrosphcrcs obta in ed  by  d ispersion  polym erization  in m etha
nol in the presen ce o f  5%  o f  M P E G M A : (a) M P E G M A  550, (b) M P E G M A  750, (c) M P E G M A  2000, (d) M P E G M A  5000

CONCLUSIONS

Transesterification of methyl methacrylate w ith  mo
nomethyl ether of poly(ethylene glycol) is a convenient 
method of preparing MPEGMA macromonomers.

The best solvent for use in dispersion polymerization 
of A M A  or the A M A /M M A  m ixture is methanol and 
optionally m ethanol/water m ixture. The presence of 
benzene in the solvent m ixture results in sticking of the 
precipitating copolymer particles, in  spite of using the 
stabilizing agent of MPEGMA type.

The length of MPEGMA type macromonomer chain 
influences the size of microspheres obtained in the d i
spersion copolymerization of A M A —M M A  in metha
nol; this relationship can be used to control the size of 
the resulting microspheres.
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