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ABSTRACT

The acrylic monomer, 2-(N-phthalimido)-2-methylpropyl acrylate was pre-
pared by reacting 2-(N-phthalimido)-2-methylpropan-1-ol dissolved in 2-buta-
none with acryloyl chloride in the presence of triethylamine. Copolymers of 2-
(N-phthalimido)-2-methylpropyl acrylate with methyl methacrylate having
various feed compositions in 2-butanone solution were synthesized using ben-
zoyl peroxide as a free radical initiator at 70°C. The monomer and the copoly-
mers were characterized by infrared and proton nuclear magnetic resonance
(1H-NMR) spectroscopic techniques. The copolymer compositions were cal-
culated by 1H-NMR technique. The monomer reactivity ratios were deter-
mined by the application of conventional linearization methods suggested by
Fineman-Ross and Kelen-Tüdös. The number and weight average molecular
weights (Mn and Mw) of the polymers were determined by gel permeation
chromatography. The thermal stability of the polymers was measured by ther-
mogravimetric analysis in air. The solubility of the polymers was tested.

Key Words: 2-(N-Phthalimido)-2-methylpropyl acrylate; MMA; 1H-NMR;
Copolymers; Reactivity ratio.
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INTRODUCTION

Recently, polymers with reactive functional groups are synthesized because
of their specific end applications (1). Copolymers of acrylic monomers with
methyl methacrylate have been used as primers for automotive finishes, clean lac-
quers for polishing metals, and enamels for household appliances (2). Acrylic
copolymers are widely used as binders in protective coatings because of their
durability and transparency (3). N-Substituted phthalimido group containing
copolymers have been used as activated drug-binding materials (4) and optical
brightening agents (5). The determination of copolymer composition and reactiv-
ity ratios of the monomers are important in evaluating the specific end applica-
tions of copolymers (6). Proton nuclear magnetic resonance (1H-NMR) spectro-
scopic analysis has been established as a powerful tool for the estimation of
copolymer composition because of simplicity and sensitivity (7–9). The present
article discusses the copolymerization behavior of phthalimido group containing
acrylic monomer, 2-(N-phthalimido)-2-methylpropyl acrylate (NPMPA) with
methyl methacrylate (MMA) in solution, characterization of the copolymers and
determination of the monomer reactivity ratios.

EXPERIMENTAL

The preparation of 2-(N-phthalimido)-2-methylpropan-1-ol was reported
elsewhere (10). MMA was freed from inhibitor by washing with 5% aqueous
sodium hydroxide solution followed by distilled water and dried over anhydrous
sodium sulphate and distilled under reduced pressure. Acryloyl chloride was syn-
thesized using the procedure described by Stampel et al., (11). Benzoyl peroxide
(BPO) was recrystallized from a chloroform-methanol (1:1) mixture. The solvents
were purified by distillation.

Preparation

NPMPA

In a 500-mL three-necked flask, 2-(N-phthalimido)-2-methylpropan-1-ol
(24.6 g, 0.12 mol) and triethylamine (15.8 mL, 0.12 mol) were dissolved in 150
mL of 2-butanone and cooled to –5 to –0°C. Acryloyl chloride (9.2 mL, 0.12 mol)
in 30 mL of 2-butanone was then added dropwise with constant stirring and cool-
ing at –5 to –0°C. After stirring at room temperature for 2 h, the precipitated qua-
ternary ammonium salt was filtered off. Approximately 0.5 g of hydroquinone
was added to the filtrate and the solvent was removed using a rotary evaporator.
The residue was dissolved in ether, washed successively with 5% aqueous sodium
hydroxide solution, and distilled water, dried over anhydrous sodium sulphate, and
the solvent was evaporated. The crude monomer, NPMPA was purified by reduced
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pressure distillation and the liquid boiling at 80°C and 10 mm pressure was col-
lected. The reaction for the synthesis of NPMPA is shown in Scheme 1. The
infrared (IR) and 1H-NMR spectra of the compound are consistent with the
assigned structure.

IR (KBr, cm-1): 3080 (aromatic C-H stretching), 2930 and 2860 (asymmetric
and symmetric C-H stretch due to CH3 and CH2 groups), 1740 (C=0 stretching
due to the ester group), 1725 (C=0 stretching due to phthalimido group), 1640
(aliphatic C=C stretch, 1600 and 1440 (aromatic C=C stretch) 1380 and 1370
(>CMe2), 1210 (C-0 stretch), 655 (C-H out of plane bending).

1H-NMR (DMSO d6, ppm): 7.81-7.73 (4H) (aromatic), 6.54 and 6.03 (2H)
(=CH2), 6.31 (1H) (=CH-), 4.50 (2H) (-CH2O) and 1.02-0.85 (6H) (>CMe2).

Copolymerization of NPMPA with MMA

Copolymers having different composition of NPMPA and MMA were syn-
thesized by free radical solution polymerization using BPO as a free radical initia-
tor in 2-butanone solution (Sch. 2). Appropriate quantities of NPMPA and MMA
with 2-butanone and BPO (0.25 wt% with respect to monomer) were mixed in a
reaction tube and flushed with N2 for 30 min. The tube was tightly sealed and kept
in a thermostatic water bath at 70 ± 1°C. After the desired time (~4–5 h), the reac-
tion mixture was added to excess methanol. The product was washed with
methanol, purified by reprecipitation by methanol from the solution of the poly-
mer in chloroform, and finally dried in vacuum at 50°C.
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Scheme 1.

Scheme 2.
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Analytic Measurements

IR spectra were obtained with a Hitachi 270-50 spectrophotometer using
KBr pellets for solid samples and NaCl flats for liquid samples. 

1
H-NMR spectra

were obtained with a Bruker 270 MHz FT NMR spectrometer with tetramethylsi-
lane (TMS) as an internal reference in (DMSO d6) solution. The number- and
weight-average molecular weights ( 

_
Mn and  

_
Mw) and polydispersity index values of

the polymers were determined with a Waters 501 gel permeation chromatograph
equipped with three ultrastyragel columns and a differential refractive index (RI-
401) detector. The molecular weights of the polymers were calibrated against
polystyrene standards using tetrahydrofuran as mobile phase. Thermogravimetric
analysis were performed with a Mettler TA 3000 thermal analyzer in an air atmos-
phere at a heating rate of 10°C/min. The solubility of the polymers were tested
using various organic solvents at room temperature.

RESULTS AND DISCUSSION

Copolymerization of NPMPA with MMA in a 2-butanone solution was stud-
ied for mole fractions of NPMPA ranging from 0.10 to 0.90 in the monomer feed.
The reaction time was initially selected to reach conversions lower than 10 wt% to
satisfy the differential copolymerization equation (12). The data of molar compo-
sitions of the initial mixtures of comonomers and of the resulting copolymers are
presented in Table 1.
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Table 1. Composition Data for the Free Radical Polymerization of NPMPA with MMA in 2-
butanone at 70°C.
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Characterization

Solubility

The solubility of the polymers in various organic solvents was tested in cold
conditions. They were easily soluble in polar aprotic solvents, namely dimethyl
formamide, N-methyl-2-pyrrolidone, dimethyl acetamide, dimethyl sulfoxide,
etc., and chlorinated solvents such as chloroform and methylene chloride. They
were insoluble in hydrocarbons (eg., benzene, toluene, xylenes), and hydroxy-
group containing solvents such as methanol, 2-propanol and water.

IR Spectra

The IR spectrum of the copolymer [0.55:0.45] (Fig. 1) shows the characteris-
tic bands of both monomer units. The peak at 3085 cm-1 is due to the aromatic C-
H stretching. The absorption bands at 2975 cm-1 and 2870 cm-1 are due to the
aliphatic C-H stretching of methyl and methylene groups. The carbonyl stretch-
ings due to the two ester groups appear at 1765 cm-1 and 1785 cm-1. The peak at
1725 cm-1 corresponds to the C=O stretching of the phthalimido group. The bands
at 1600 cm-1 and 1450 cm-1 are attributed to aromatic C=C stretching. The gem
dimethyl group shows signals at 1385 cm-1 and 1375 cm-1. The absorption peaks
at 1210 cm-1 and 1185 cm-1 are attributed to C-O stretching of the ester groups.
The out-of-plane C-H bending vibrations of the ortho disubstituted benzene ring
are observed at 675 cm-1.
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Figure 1. IR spectrum of poly(NPMPA-co-MMA) [0.55:0.45].
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1H-NMR Spectra

The 1H-NMR spectra of poly(NPMPA-co-MMA) [0.55:0.45] is shown in
Figure 2. The aromatic protons of NPMPA unit appear between 7.80 and 7.73
ppm. The characteristic signal at 4.31 ppm corresponds to the -CH2O- group of
the NPMPA unit. A singlet at 3.60 ppm is attributed to the -OCH3 protons of the
MMA unit. The broad signal between 2.31 and 1.32 ppm is due to the methyne
(→CH) and methylene (>CH2) protons of the main chain. The methyl protons
show signals between 1.00 and 0.85 ppm.

Copolymer Compositions

The 1H-NMR technique is a well-established method for the determination
of the copolymer composition. The distribution of protons in the two units is an
important means of identifying a monomer in the copolymer chains. Thus, the
mole fraction of NPMPA in the copolymer chain was determined from the ratio of
integrated intensities of aromatic protons of NPMPA unit to that of methoxy and
methylenoxy protons of MMA and NPMPA units respectively. Let m1 be the mole
fraction of NPMPA and (1-m1) be the mole fraction of MMA. There are 4 aro-
matic protons and 2 methylenoxy protons in NPMPA. MMA unit contains 3
methoxy protons. Therefore:

C =   Intensities of aromatic protons (IAr)________________________________________________________
Intensities of methylenoxy and methoxy protons (IOCH2 + IOMe)

C =     4m1___________ (1)
2m1 + 3(1-m1)

which on simplification gives,
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Figure 2. 1H-NMR spectrum of poly(NPMPA-co-MMA) [0.55:0.45].
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m1 = 3C___ (2)
4+C

The composition of the copolymers can be determined by comparing the
intensities of aromatic protons with that of total aliphatic protons. To avoid the
proton signals due to the solvent DMSO d6, the mole fractions of NPMPA in
copolymers were determined by measuring the intensities of aromatic proton sig-
nals and methylenoxy and methoxy proton signals from the spectra of copolymer
samples using Equation 2. The values of C and the corresponding mole fractions
of NPMPA in the copolymers are presented in Table 1. The kinetic behavior was
determined by plotting the mole fractions of NPMPA in the feed (M1) vs. that the
copolymer (m1) and the curve (Fig. 3) indicates that the composition of NPMPA
in the copolymer is always higher than that in the feed.

Copolymerization Reactivity Ratios

The determination of reactivity ratios of the monomers participating in the
copolymer will provide the copolymerization behavior of corresponding monomer
pair. The reactivity ratios of NPMPA and MMA were determined by the applica-
tion of the conventional linearization methods suggested by Fineman-Ross (F-R)
(13) and Kelen-Tüdös (K-T) (14). The significance of parameters of F-R and K-T
methods are presented in Table 2. The reactivity ratios obtained from the F-R plot
(Fig. 4) and K-T plot (Fig. 5) are presented in Table 3.

The value of r1 is more than 1 and that of r2 is less than 1, indicates the pres-
ence of a higher amount of NPMPA unit in the copolymer than in the feed. The
reactivity of growing radicals, as measured by 1/r1, shows higher affinity towards
NPMPA than MMA. The product of r1 and r2, however, remains less than 1, thus
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Figure 3. Composition diagram of NPMPA-MMA copolymer system.
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Figure 4. F-R plot for NPMPA-MMA copolymer system.

Table 2. F-R and K-T Parameters for the MPMPA-MMA Copolymer System
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indicating that the system follows a random distribution of the monomeric units,
as in the case of Schiff base containing acrylate system (15).

Molecular Weights

The number-average ( 
_

Mn), weight-average ( 
_

Mw) molecular weights and the
polydispersity index ( 

_
Mw/ 

_
Mn) of poly(NPMPA), poly(MMA) and seven copoly-

mers determined by gel permeation chromatography (GPC) are presented in Table
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Table 3. Copolymerization Parameters for the Free Radical Copolymerization of MPMPA with
MMA

Figure 5. K-T plot for NPMPA-MMA copolymer system.
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4. The theoretical value of  
_

Mw/ 
_

Mn for polymers produced via radical combination
and disproportionation are 1.5 and 2.0, respectively (16). In the homopolymeriza-
tion of MMA, the tendency for chain termination by disproportionation is more
than that for dimerization (17). The polydispersity index value of poly(NPMPA) is
close to 1.5 and this suggests that the polymer is obtained mostly by dimerization
of the growing chain. When the mole fraction of the NPMPA in the copolymer is
0.41, the tendency for chain termination by dimerization as well as disproportion-
ation are the same. When this value is below 0.41, the tendency for chain termina-
tion by disproportionation is more than that for dimerization and when it is above
0.41, the tendency for chain termination by dimerization is more than that for dis-
proportionation. 

Thermogravimetric Analysis

The thermal stability of the polymers was measured by thermogravimetric
analysis in air. The TG and DTG traces of poly(NPMPA), poly(MMA), and
poly(NPMPA-co-MMA) [0.55:0.45] are shown in Figure 6. The results of decom-
position temperature of the polymers and the weight loss at various stages are
given in Table 5. The actual decomposition range depends on the composition of
the copolymers. Poly(NPMPA) shows four-stage decomposition, whereas the
copolymer shows three-stage decomposition. The decomposition of poly(MMA)
occurs in a single stage. The multistage decomposition of the polymers may be
attributed to the loss of pendant group and the cleavage of ester group and loss of
phthalimido group. The initial decomposition temperature of poly(NPMPA),
poly(NPMPA-co-MMA) [0.55:0.45] and poly(MMA) are 151°C, 164°C, and
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Table 4. Molecular Weight Data for the Copoloymers of NPMPA with MMA
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Figure 6. TGA-DTG curves in air for: a) Poly(NPMPA); b) Poly(NPMPA-co-MMA) [0.55:0.45];
c) Poly(MMA).

Table 5. TGA Data of Homo and Copolymers of NPMPA and MMA
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278°C, respectively. Because it is an acrylic system, poly(NPMPA) shows a rela-
tively lower initial decomposition temperature. The thermal stability of the
copolymers increase with an increase of MMA unit in the copolymer chain.

CONCLUSION

The acrylic monomer, NPMPA was synthesized and characterized.
Poly(NPMPA) and the copolymers of NPMPA and MMA from different feed
compositions were synthesized in 2-butanone solution by free radical polymeriza-
tion. The polymers were easily soluble in polar aprotic solvents and in chlorinated
solvents and insoluble in hydrocarbons and hydroxy group containing solvents. IR
and 1H-NMR spectra confirmed the presence of both monomeric constituents in
the copolymers. The copolymer compositions were determined by 1H-NMR
analysis of the copolymers. The reactivity ratios obtained from F-R and K-T meth-
ods are within the experimental error. The fact that the r1 values of both methods
are greater than 1 and r2 values are less than 1 indicates that the NPMPA is more
reactive than MMA. The product of r1 and r2 is less than 1 indicates the random
distribution of monomeric units in the copolymers. The polydispersity index val-
ues of the copolymers suggest that the tendency for chain termination by dimer-
isation is more than disproportionation at high mole fractions of NPMPA in the
feed. Thermogravimetric analysis results indicated that poly(MMA) is more stable
than poly(NPMPA) and the incorporation of MMA unit in copolymer chain
increases the thermal stability of the copolymers.

ACKNOWLEDGMENT

R. Balaji is grateful to the Council of Scientific and Industrial Research,
New Delhi, India for offering a Senior Research Fellowship.

REFERENCES

1. Vogl, O.; Albertsson, A.C.; Janovic, Z. Polymer 1985, 26, 1288.
2. Marton, C.R. Technology of Paints, Varnishes and Lacquers; Reinhold: New York,

1968; 32.
3. Bevington, J.C.; Malpass, B.W. Eur. Polym. J. 1965, 1, 55.
4. Ismail, M.; Veena V.; Animesh, K.R. J. Appl. Polym. Sci. 1998, 69, 217.
5. Constantinova, T. N.; Garbechev, I. K. Polym. Int. 1998, 43, 39.
6. Ivin, K. J.;  Pitchumani, S.; Rami Reddy, C.; Rajadurai, S. J. Polym. Sci. Polym.

Chem. 1982, 20, 277.
7. Balaji, R.; Nanjundan, S. Eur. Polym. J. 1999, 35, 1133.
8. Tacx, J. C. J. F.; Vander Velden, G. P. M.; German, A. L. Polymer 1988, 29, 1675.
9. Thamizharasi, S.; Gnanasundaram, P.; Reddy, B. S. R. J. Appl. Polym. Sci. 1997, 65,

1285.

170 BALAJI ET AL.

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



10. Balaji, R.; Sivakumar, N.; Subramanian, K.; Nanjundan, S. J. Macromol. Sci. Chem.
1999, 36(10), 1401.

11. Stampel, G. H.; Cross, R. P.; Marella, R. P. J. Am. Chem. Soc. 1950, 72, 2899.
12. Mayo, F. R.; Lewis, F. M. J. Am. Chem. Soc. 1944, 66, 1594.
13. Fineman, M.; Ross, S. D. J. Polym. Sci. 1950, 5, 259.
14. Kelen, T.; Tüdös, F. J. Macromol. Sci. Chem. 1975, A9, 1.
15. Balaji; R.; Nanjundan, S. J. Macromol. Sci. Chem. 1998, A35(9), 1527.
16. Teramachi, S.; Hasegawa, A.; Akatsuka, M.; Yamashita, A.; Takemoto, N.

Macromolecules 1978, 11, 1206.
17. Bevington, J. C.; Melville, H. W.; Taylor, R. P. J. Polym. Sci. Chem. Ed. 1954, 12,

449.

Received May 30, 2000
Revision received August 21, 2000

2-(N-PHTHALIMIDO)-2-METHYLPROPYL ACRYLATE 171

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


