
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 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

Copolymerization of 2-Hydroxypropyl Methacrylate with Alkyl Met
hacrylates
G. N. Babua; Anjali Deshpandea

a Department of Chemistry, Indian Institute of Technology, Bombay, India

To cite this Article Babu, G. N. and Deshpande, Anjali(1982) 'Copolymerization of 2-Hydroxypropyl Methacrylate with
Alkyl Met hacrylates', Journal of Macromolecular Science, Part A, 17: 5, 717 — 726
To link to this Article: DOI: 10.1080/00222338208063268
URL: http://dx.doi.org/10.1080/00222338208063268

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may 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 form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, 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/10.1080/00222338208063268
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A17(5), pp. 717-726 (1982) 

Copolymerization of 2-Hydroxypropyl 
Methacrylate with Alkyl Methacrylates 

G.  N. BABU and ANJALI DESHPANDE 

Department of Chemistry 
Indian Institute of Technology, Powai 
Bombay 400076, India 

ABSTRACT 

2-Hydroxypropyl methacrylate (2-HPMA) has been copolym- 
erized with ethyl methacrylate (EMA), n-butyl methacrylate 
(BMA), and 2-ethylhexyl methacrylate (EHMA) in bulk at  60°C 
using benzoyl peroxide as initiator. The copolymer composi- 
tion has been determined from the hydroxyl content. The 
reactivity ratios have been calculated by the Yezrielev, Brokhina, 
and Raskin method. For copolymerization of 2-HPMA (MI) with 
EMA (Mz ), the reactivity ratios a re  r l  = 1.807 f 0.032 and r z  
= 0.245 f 0.021; with BMA (Mz ) they are  rl = 2.378 f 0.001 and 
r2 = 0.19 i 0.01; and with EHMA the values are  r1 = 4.370 f 
0.048 and r z  = 0.103 0.006. Since reactivity ratios a re  the 
measure of distribution of monomer units in copolymer chain, 
the values obtained are compared and discussed. This enables 
us to choose a suitable copolymer for synthesizing thermoset 
acrylic polymers, which are  obtained from cross-linking of 
hydroxy functional groups of HPMA Units, for specific end-uses. 
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7 18 BABU AND DESHPANDE 

I N T R O D U C T I O N  

Acrylic polymers containing hydroxy functional groups as side 
chains have become increasingly important in recent years for vari- 
ous applications such as adhesives, coatings, and binders [ 11. 
Although linear polymers of this type are satisfactory in many ways, 
their thermoplastic nature affords poor resistance to strong solvents 
and they show a tendency to flow a t  high temperatures, i.e., they ex- 
hibit poor physical properties. This problem has been eliminated by 
reacting them with suitable cross-linking agents, depending on the 
end use. For instance, in 2-hydroxypropyl methacrylate/methyl 
methacrylate copolymer the cross-linkin agents used are diethylene 
glycol dimethacrylate for medical use [ 2 7  and diisocyanates for 
adhesives [ 31. The thermomechanical properties of the thermosets 
have been found to be dependent on the amount of HPMA copolymer 
[ 41. To optimize the physical properties, it was necessary to  control 
the cross-linkable units. With this objective, the copolymerization of 
2-hydroxypropyl methacrylate (2-HPMA) with ethyl methacrylate 
(EMA), n-butyl methacrylate (BMA), and 2-ethylhexyl methacrylate 
(2- EHMA) was done; the reactivity ratios were determined. 

E X P E R I M E N T A L  

The monomers ethyl methacrylate (BDH), butyl methacrylate (BDH), 
and 2- ethylhexyl methacrylate (Fluka AG) were freed from inhibitor 
by washing with 10% sodium hydroxide and then with water and finally 
dried over anhydrous magnesium sulfate. The purified monomers 
were distilled under reduced pressure over 4 A molecular sieves. 

2-PMA (E. Merck) was purified by distillation at  84-85"C/5 mmHg. 
Benzoyl peroxide (BDH) was purified by crystallization from meth- 

anol, A stock solution of 2% benzoyl peroxide in chloroform was pre- 
pared and stored a t  room temperature. 

C o p o l y m e r i z a t i o n  

The required amounts of 2-HPMA7 alkyl methacrylate, and benzoyl 
peroxide were charged in a Pyrex glass tube, cooled in liquid air, and 
sealed in a vacuum system. The sealed tubes were placed in a con- 
stant temperature bath at  60 f 0.1"C. Since the differential form of 
the copolymer equation was used, the conversion was limited to 10% 
in all cases. After the requisite time the contents of the tube were 
poured into a large amount of petroleum ether (40-60°C) and washed 
several times in petroleum ether. The purified polymei-s were dried 
a t  50°C under vacuum to constant weight. 

The composition of polymers was determined from hydroxyl con- 
tent estimated by acetylation [ 51 with a mixture of acetic anhydride 
and pyridine (1:3 v/v). 
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2-HYDROXYPROPYL METHACRYLATE 7 19 

R E S U L T S  AND DISCUSSION 

R e a c t i v i t y  R a t i o s  i n  C o p o l y m e r i z a t i o n  of 2 - H y d r o x y -  
p r o p y l  M e t h a c r y l a t e  ( M I )  w i t h  E t h y l  M e t h a c r y l a t e  
'(Mz ) 

Copolymerization of 2-hydroxypropyl methacrylate with ethyl 
methacrylate is represented by 

The reaction conditions and results are summarized in Table 1. From 
these data the monomer reactivity ratios were found by using the analyti- 
cal method of Yezrielev, Brokhina, and Raskin (YER method) [ 61, 
which is based on the differential form of the copolymer equation. 
Quite recently, Joshi 1 71 has reviewed various published methods 
of calculating r l  and r z  . He has stated that the linear YBR method 
is an outstanding method to obtain reactivity ratio values with greater 
accuracy than the Tidwell and Mortimer method [ 81 because of the 
symmetrical nature of the copolymer equation. The reactivity ratios 
for this system were found to be 

r1 = 1.807 * 0.032 

1-2 = 0.245 * 0.021 

Figure 1 shows the copolymer composition data as a function of mono- 
mer  feed. As can be seen from the graph, the theoretical curve 
closely represents the experimental data. This is further reflected 
in the small deviations obtained for the reactivity ratios. The higher 
value of r l  as compared to r2 indicates that the copolymer containing 
large blocks of 2-HPMA units is interspersed by EMA units. 

The effect of the a-methyl group on the reactivity ratios of HPMA- 
EMA and hydroxypropyl methacrylate-ethyl acrylate (HPMA-EA) [ 91 
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720 BABU AND DESHPANDE 

TABLE 1. Copolymerization of 2-Hydroxypropyl Methacrylate (M1) 
and Ethyl Methacrylate (Mz )" 

Initial monomer Copolymer 
mixture com position 

Mole Mole yield Mole Mole 
fraction fraction (% by wt of % OH fraction fraction 
of MI of Mz monomers) content of m l  of mz 

Copolymer 

0.10 0.90 6.7 4.793 0.2599 0.7401 
0.20 0.80 10.2 5.548 0.4124 0.5876 
0.30 0.70 9.4 6.930 0.5295 0.4705 
0.50 0.50 4.8 8.719 0.6910 0.3090 
0.70 0.30 9.5 10.117 0.8259 0.1741 
0.80 0.20 8.8 10.723 0.8868 0.1132 

Polymerization conditions: Catalyst, benzoyl peroxide (0.2% by a 
wt of monomers) temperature, 60 f 0.loC. 

gave an interesting observation. The l/rl values of HPMA-EMA and 
HPMA-EA a r e  0.55 and 0.08, respectively, indicating greater reactiv- 
ity of ethyl methacrylate than of ethyl acrylate toward the poly(HPMA) 
radical. This may be due to the extra stability of the growing ethyl 
methac rylate radical resulting from hyperconjugation witlh respect 
to the cr-methyl group in addition to conjugation. This is represented 
by 

CHJ 
I 

I I 
-CHz-C' + CHz=CH * 

COOCHz CHOHCH3 COOC zH5 

CH3 COOCzH5 
I I 

CHZ-C- CHZ-CH' 
I 

COOCHzCHOHCH3 
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FIG. 1. Plot of mole fraction of EMA (mz) in copolymer versus 
mole fraction of EMA (Mz) in monomer feed: ( o ) experimental 
values, (-) curve calculated from copolymer equation using reactiv- 
ity ratios determined by the YBR method. 

CH3 
I 

CH2-C’ 

CH3 
I 

+ CHz=C c 

I I 
COOCHz CHOHCHs coot 2H5 

CH3 CH3 
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722 BABU AND IIESHPANDE 

TABL E 2. Copol ym er izat ion of 2 - H ydr oxypr opyl Me thac I: ylate (M 
and n- Butyl Methacrylate ( M z ) ~  

~~ - 

Initial monomer Copolymer 
mixture com position 

Mole Mole yield Mole Mole 
fraction fraction (% by wt of % OH fraction fraction 
Of Mi of Mz monomers) content of m l  of mz 

Copolymer 

_ _ _ ~  
0.10 0.90 9.7 3.8 10 0.3197 0.6803 

0.20 0.80 6.5 5.743 0.4831 0.5169 

0.30 0.70 8.3 6.854 0.5772 0.4228 

0.50 0.50 4.6 8.753 0.7388 0.26 12 

0.60 0.40 7.6 9.499 0.8025 0.1975 

aPolymerization conditions: Catalyst, benzoyl peroxide (0.2% by 
wt of monomers); temperature, 60 f 0.1"C. 

R e a c t i v i t y  R a t i o s  i n  C o p o l y m e r i z a t i o n  of 2 - H y d r o x y -  
p r o p y l  M e t h a c r y l a t e  ( M 1  ) w i t h  n -  B u t y l  M e t h a c r y l a t e  
(M2 ) 

The conditions and results of experiments for the copolymerization 
of this pair of monomers a r e  given in Table 2. The reacl;ivity ratios 
calculated by using the YBR method were found to be 

r l  = 2.378 f 0.001 

r z  = 0.190 ~t 0.010 

The copolymer composition curve, i.e., monomer feed vs  copoly- 
mer feed, was calculated from r l  and r z  values and is shown in 
Fig. 2 along with experimental data. Since rl >> 1 and r;! << 1, the 
copolymer consists of larger blocks of 2-HPMA units intlerrupted 
with a few n-butyl methacrylate comonomer units. 

Comparison of l/r, values of HPMA-BMA system with HPMA- 
butylacrylate (HPMA- BA) copolymer [ 91 reveals the higher reactivity 
of butyl methacrylate toward poly(HPMA) growing species. The l/rl 
values a r e  

HPMA-BMA 0.42 
HPMA- BA 0.19 
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2-HYDROXYPROPYL METHACRYLATE 723 
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FIG. 2. Plot of mole fraction of BMA (mz) in copolymer versus 
mole fraction of BMA (Mz) in monomer feed: ( o ) experimental 
values, (-) curve calculated from copolymer equation using reactiv- 
ity ratios determined by the Yl3R method. 

Further, the increase in reactivity of BMA as compared to BA toward 
poly(HPMA) radical is only twofold. On the other hand, the fact that 
the reactivity EMA is five times more than EA toward poly-HPMA 
radical clearly reveals that the former system is influenced by 
steric factors. 

R e a c t i v i t y  R a t i o s  i n  C o p o l y m e r i z a t i o n  of 2 - H y d r o x y -  
p r o p y l  M e t h a c r y l a t e  ( M 1 )  w i t h  2 -  E t h y l h e x y l  M e t h -  
a c r y l a t e  (Mz ) 

Table 3 shows the experimental conditions and results of the co- 
polymerization of 2-HPMA. As above, the monomer reactivity ratios 
were found to be 

rl = 4.370h 0.048 

r z  = 0.103 f 0.006 

See Fig. 3. 
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724 BABU AND ClESHPANDE 

TABLE 3. Copolymerization of 2-Hydroxypropyl Methacrylate (MI) 
and 2-Ethylhexyl Methacrylate ( M z ) ~  

Initial monomer Copolymer 
mixture composition 

Mole Mole yield Mole Mole 
fraction fraction (%by wt of % OH fraction fraction 
of Mi of Mz monomers) content of m l  of m2 

Copolymer 

0.10 0.90 6.0 3.379 0.4412 0.5588 

0.20 0.80 9.1 4.344 0.5868 0.4132 

0.30 0.70 6.4 5.004 0.6931 0.3069 

0.40 0.60 6.5 5.48 1 0.7735 0.2265 

0.50 0.50 4.6 5.816 0.8314 0.1686 
0.60 0.40 10.4 6.076 0.8772 0.1228 

aPolymerization conditions: Catalyst, benzoyl peroxide (0.2% by 
wt of monomers); temperature, 60 f 0.1"C. 

Because r l  (HPMA) >> 1 and rz (EHh'€A) << 1, the hpdroxypropyl 
methacrylate is more reactive than EHMA toward both propagating 
species. The polymer, therefore, is richer in HPMA than in EHMA. 

A perusal of the reactivity ratio data (Table 4) reveals; that the 
reactivity of comonomer in copolymerization depends on steric 
factors and the polarity of the molecule. The reactivity of the co- 
monomer is influenced by the s ize  and the number of substituents 
attached to an unsaturated C=C linkage. As expected, the relative 
reactivity of alkyl methacrylate comonomer toward poly(1HPMA) 
radical is of the following order: EMA > BMA > EHMA. 

zation of an unsaturated bond is the same, the length and degree of 
branching of the alkyl radical exerts a certain influence on the 
reactivity of alkyl methacrylate in copolymerization with HPMA. The 
reactivity ratio of alkyl methacrylate is in accordance with the size of 
the alkyl group and is also higher than that of methyl methacrylate as 
reported by us ear l ier  [ 91. 

Although the ability of the a-methyl group to  influence the polari- 

SUMMARY AND C O N C L U S I O N S  

Based on our investigation, a different approach to obtain thermo- 
set  acrylic polymers which can yield better mechanical properties 
has been reported. Thus 2-hydroxypropyl methacrylate has been 
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FIG. 3. Plot of mole fraction of 2-EHMA (m2) in copolymer versus  
mole fraction of 2-EHMA (M2 ) in monomer feed: ( o ) experimental 
values, (--) curve calculated from copolymer equation using reactivity 
ratios determined by the YBR method. 

TABLE 4. Reactivity Ratios for Copolymerization of 2-Hydroxypropyl 
Me thac r ylat e with Alkyl Me thac r ylates 

Monomer Monomer 
MI Mz r l  f A r l  r z  f A r 2  

2- Hydroxypropyl Ethyl 1.807 f 0.032 0.245 f 0.021 
methacrylate m e t hac r ylate 

acrylate 

methacrylate 

n-Butyl meth- 2.378 f 0.001 0.19 & 0.01 

2-Ethylhexyl 4.370 k 0.048 0.103 f 0.006 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
3
8
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



726 M B U  AND DESHPANDE 

copolymerized with alkyl methacrylates using free-radical initiators. 
Conversion was limited to less than 10% in all cases. A wide range of 
initial monomer feed ratio was chosen to give equal weightage to both 
the monomers as seen from the dependence curves. 

The reactivity ratios for all the systems have been evaluated by 
using the YBR method. These values have been compared with the 
corresponding HPMA-alkyl acrylate copolymers reported earlier. 
Since the reactivity ratios indicate the distribution of monomer units 
in a polymer chain, this can serve to choose desired copo:lymer com- 
positions for specific end use requirements. The copolymers selected 
could be used for cross-linking by using suitable cross-linking agents 
such as aliphatic and aromatic diisocyanates to obtain good mechani- 
cal properties. Our investigations on these aspects a re  under way 
and will be published. 
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