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ABSTRACT: Polyglutarimides (PGI) were obtained by reacting poly(methyl methacrylate) (PMMA)
with various primary amines in an autoclave. The degree of imidization, which was determined
by 'H-NMR spectroscopy, ranged from 40 to 70%, and the PMMA modified by methyl amine
showed a nearly complete imidization. Glass transition temperatures of most PGI's were much
higher than that of PMMA. The glass transition temperature of PGl was increased as the alkyl
group of the primary amine became shorter and bulkier. Also, thermogravimetric analyses indicated
that the thermal stability of the modified PMMA was significantly improved as a result of the
imidization except for PMMA modified by isopropyl amine, tert-butyl amine and benzy! amine.

Introduction

Poly(methyl methacrylate) (PMMA) has been
commercially available for more than 60 years. Its
outstanding optical clarity and lack of color, coupled
with good outdoor weathering properties, make it
very useful in many applications where light trans-
mission is important.! Due to the extremely high
light transmissivity (92%) in the wavelength range
of 360~1,000 nm, PMMA has recently been used
as optical fibers in addition to the more convention-
al applications.? The mechanical properties such as
tensile strength and impact strength are also good,
and it is less susceptible to crazing than polysty-
rene. However, the thermal properties of PMMA
are not desirable with a heat distortion temperature
of 80~97 C and a continuous use temperature of
60~80 T34

Many attempts to improve the thermal properties
of PMMA had been made since Flory predicted
that as much as 86% of ester groups in acrylic re-
sins could be converted into imide rings.” In fact,
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polyglutarimides (PGI) containing more than 95%
imides were synthesized in an effort to enhance
the thermal properties of PMMA® PGI can be pre-
pared by reacting poly(acrylic acid) or PMMA with
a primary amine or ammonia at high temperature
and high pressure.” Reaction extrusion process in
a twin screw extruder can also yield PGL*® Its imp-
roved thermal properties, dimensional stability, ex-
cellent optical property and good mechanical prope-
rties would make PGI suitable for various applica-
tions such as the core for advanced optical fiber.

This paper reports the synthesis and characteri-
zation of PGI's prepared by reacting PMMA with
various primary amines containing different alkyl
groups. In order to facilitate the imidization PMMA
was dissolved in the solvent mixture before it was
mixed with the primary amine in an autoclave. So-
lubility, the glass transition temperature and the
thermal degradation of PGI's were compared accor-
ding to the type and the length of the alkyl groups
attached to the imide nitrogen.

Experimental

PMMA (Aldrich, M,=101,000) was dried for 6
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Table 1. Properties of PMMA and PGI’s

Primary .Detg{ee ) of Iqherent

Sample amine imidization viscosity

(%) (mL/g)
PMMA none 0 0.26
PGI-1 methyl n.c 0.21
PGI-2 ethyl 419 0.14
PGI-3 n-propyl 46.5 0.15
PGI-4 isopropyl 70.2 0.31
PGI-5 n-butyl 378 0.22
PGI-6 tert-butyl 64.7 043
PGI-7 benzyl 60.6 0.26

“near completion.

hours at 50 C before use. Reagent grade primary
amines such as n-propyl, isopropyl, n-butyl, tert-bu-
tyl and benzyl amine were dried using molecular
sieves. Methyl amine was provided as 40% aqueous
solution and ethyl amine as 70% aqueous solution.
PMMA was reacted with the primary amine in an
autoclave. PMMA was first dissolved in a mixture
of toluene and methanol. Methanol was added in
order to prevent the transesterification. The
amount of PMMA in the solution was fixed at 38
wt% and the ratio of toluene to methanol was 9: 1
by weight. Clear solutions of PMMA in the solvent
mixture were obtained by stirring for 24 hours at
40 T. PMMA solution was then fed into an auto-
clave which contained the imidizing agent and sol-
vent mixture. The ratio of the repeat unit of PMMA
and the amine was 1:4.8 by mole. Imidization was
carried out at 50 Kgf/cm? and 200~220 C for 3
hours. Unreacted amines and solvents in the reac-
tion products were evaporated in a boiling water
bath for 2 hours, and PGI was dried in a vacuum
oven at 100 C for 24 hours. Various polyglutarimi-
des were labeled as shown in Table I. The imidiza-
tion reaction was monitored by FT-IR (Perkin-El-
mer 1760X and Digilab FTS-4C) and 300 MHz NMR
(Bruker) spectrometers. Thermal properties were
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Figure 1. FT-IR spectrum of the PMMA modified by
ethyl amine (PGI-2).

measured by DSC (Perkin Elmer DSC 7) and TGA
(Perkin Elmer TGA 7 and Polymer Laboratories
PL-TGA).

Results and Discussion

Methyl, ethyl, n-propyl, isopropyl, n-butyl, isobu-
tyl, tert-butyl and benzyl amine were used as the
imidizing agent. As shown in Scheme I, during the
course of the imidization of PMMA with the pri-
mary amine not only cyclization (1) and amidation
(2) but also crosslinking (3) are expected to occcur.
Therefore the amount of PMMA with respect to
the solvent was reduced to about one half of the
literature value® in order to minimize the crosslin-
king reaction. Figure 1 shows the FT-IR spectrum
of PGI-2, which was modified by ethyl amine. As
a result of the imidization, the carbonyl stretching
band around 1,730 cm™! split into a doublet around

Scheme |
1 2 3
CHy ChHg — c CHy CHy CHs CHy
—CHz—é—CHz—-é— RTN% ~CH2H—:1\E/CH2\C'— or ——CHz—cl:—cHz—c— or _cﬁ_cnz—
Lo bon S = .
—CHz—tlL,—CHz—
CHy

Korea Polym. J., Vol. 3, No. 2. 1995

77



L-J. Chin et al.

n
@
~N
~

{ 5.550
r,— —5.555

—OCH;

T ——r—

5 4
Figure 2. NMR spectrum of PMMA.
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Figure 3. NMR spectrum of PGI-2.

1,720 and 1,668 cm™!, which is characteristic of the
imide carbonyl group. Also a new band around
1,224 cm™! due to the stretching vibration of C-N
appeared, which is a clear indication of the imidiza-
tion reaction. The absorption peak around 1,668
cm™' may also be attributable to the amide groups
of the structure 2 in Scheme 1. However, concur-
rent amide stretching vibraticn band around 3,200
cm ™! was not observed. Thus, imidization of PMMA
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with ethyl amine did not yield significant amount
of the structure 2. All the other glutarimides show-
ed the same spectral features. In the case of PGI-
7, where PMMA was reacted with benzyl amine,
an additional peak due to the aromatic hydrocarbon
stretching vibration at 3,050 cm ' showed up, which
confirms the presence of the phenyl group.

The imidization of PMMA was also monitored
by the proton NMR spectroscopy. Samples for the

Korea Polym. J., Vol. 3, No. 2, 1995
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Figure 4. NMR spectrum of PGI-6.
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NMR analyses were further vacuum dried at 70
€ for 24 hours and dissolved in CDCl;. PMMA
has an intense peak due to -OCHj; groups (& 3.60
ppm) in addition to peaks due to -CH; and -CH;
groups (Figure 2). Figure 3 shows the NMR spect-
rum of PGI modified by ethyl amine. The intensity
of the -OCH; peak was significantly reduced and
a new peak near 3.25 ppm appeared due to -NCH,,
which confirms that the imidization had occurred.
Same features were found for PGI's that were mo-
dified by n-propyl, n-butyl or benzyl amine. The
extent of the imidization, £, was calculated by using
the following equation.

2X(A,/2)
A,/3)+2XA/2)

where A; and A, are -OCH; peak area and the
-NCH; peak area, respectively. However, when
PMMA was imidized by isopropyl or tert-butyl
amine (Figure 4), no -NCH, peak was observed in
the NMR spectra of the PGI's. For those PGI's the
extent of imidization was determined by using Eq.
(2), based on the assumption that the reaction pro-

&= 1
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duct consisted of PGI and some unreacted PMMA.

2XA;—A)/h
A/D+2XA— Ak

&= (2)
where Aj; is the sum of the areas of the -CH, and
-CH; peaks (8 1~2 ppm) and 4 is the number of
protons of the -CH; and -CH; groups in PGI. Since
Aj is due to the combined effect of PMMA and
PGI, (A4;-A)) is the sole contribution from the pro-
tons of PGIL. The factor of 2 in the denominator
is required because two MMA molecules react with
one glutarimide. The calculation result is summari-
zed in Table I, which indicates the conversion ra-
nged between 40 and 70%. When PMMA was reac-
ted with methyl amine, no appreciable -OCH; peak
appeared from PGI-1 and only the peak due to
-NCH; showed up, indicating that the imidization
was nearly complete. However, since the imidiza-
tion cannot exceed 86% according to the Flory's
theory® it is conceivable that some crosslinking mi-
ght have occurred. It should be pointed out that
NMR analyses cannot exclude effectively the cont-
ributions of side reactions during the imidization
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Figure 5. Glass transition temperatures of PMMA and
PGI’s.

such as crosslinking. In Table 1 high degrees of
imidization were observed for PGI-4, 6. and 7 in
which there were bulky pendant groups attached
to the nitrogen of the primary amine. This is some-
what contradictory to the expectation that the shor-
ter the alkyl group of the primary amine is, the
easier the imidization would be. It is indeed belie-
ved that during the imidization of PGI-4, 6, and
7, not only cyclization but also crosslinking had oc-
cured. When the amount of the amine was decrea-
sed, the degree of the imidization was also decrea-
sed. When 0.5 mol of tert-butyl amine was reacted
with PMMA, the extent of the imidization was only
about 12%.

Viscosities were measured using a Ubbelohde vi-
scometer at 25+ 0.1 C. Table [ tabulates the inhe-
rent viscosities of various PGI's in DMF. Since
PMMA can degrade thermally, PGI's converted
from PMMA at high temperatures above 200 C are
expected to have relatively low molecular weights.
In fact, a decrease in inherent viscosity was found
for PGI-1, 2, 3, and 5. However, PGI-4 and 6 sho-
wed viscosities somewhat higher than PMMA,
which strongly suggests that during the imidization
crosslinking might have occurred to some extent.
It is also interesting to note that these glutarimides
showed much higher degrees of imidization than
the others.

Glass transition temperatures were measured by
DSC at a heating rate of 40 C/min in nitrogen.
All PGI's except for PGI-7 showed higher glass tra-
nsition temperatures compared to PMMA, as depic-
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Figure 6. TGA thermograms of PMMA and PGI'’s.

ted in Figure 5. T, of PGI-1 was increased by as
much as 64 C. As the normal alkyl chain of the
amine became longer, T, was decreased. The inc-
rease in the 7, was very high when PMMA was
imidized by bulky alkyl amines such as isopropyl
and tert-butyl amines. And tertiary butyl amine was
the most effective among three different butyl ami-
nes in increasing the T, of PMMA. Benzyl and
n-butyl amines, however, did not increase the T,
significantly, even though they were imidized. The
variation in the T, of PGI-6 was observed by vary-
ing the amount of tert-butyl amine in the reactants.
The glass transition temperature was decreased as
the amount of the imidizing agent was reduced,
since the degree of imidization was decreased.

Figure 6 shows TGA traces of various PGI's. Ex-
cept for PGI-4, 6 and 7 most PGI's were very stable
up to about 400 C, while PMMA began to lose wei-
ght at around 240 C. PGI's modified by tert-butyl
and benzyl amines showed sizable weight ‘loss
around 70~200 T, indicating the presence of vola-
tile components which were not removed during
the drying process. When PMMA was reacted with
each of these amines, some crosslinking may have
occurred and the volatile materials may have been
entrapped in the crosslinks. Thermal degradation
of PGI is expected to occur more easily when mo-
dified by bulky amines such as tert-butyl, benzyl,
or isopropyl amine, because the bond dissociation
energy of C-N or C-C bond is lower compared to
PGI's modified by the linear alkyl amines. This is
manifested by the inferior thermal stability of PGI-
4, 6, and 7 as shown in Figure 6.

Solubilities of PGI films were determined at
room temperature in solvents with a wide range

Korea Polym. J., Vol. 3, No. 2, 1995
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Table II. Solubility of PMMA and PGI’s

Solvent PMMA PGI-1 PGI-2

PGI-3 PGI-4 PGI-5 PGI-6 PGI-7

Cyclohexane
Toluene
Benzene
Acetone
1.4-Dioxane
m-Cresol
Pyridine
DMAc
DMF

NMP
DMSO
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of solubility parameter. 100 mg of each polymer
was dissolved in 10 mL each of eleven solvents.
Table II demonstrates that they are mostly quite
soluble in many solvents. PGI-4 (isopropyl) and
PGI-6 (tert-butyl) showed the narrowest solubility
window, which can be interpreted as an indication
of the presence of some crusslinks. The results of
solubility and viscosity measurements support this
observation.

Conclusions

Polyglutarimides were obtained by reacting poly
(methyl methacrylate) with various primary amines
having alkyl groups of different types and lengths.
Imidization was monitored by FT-IR and NMR
spectroscopies. The degree of imidization ranged
from 40 to 70%, while the PMMA modified by me-
thyl amine showed a nearly complete imidization
based on the calculation using NMR integrated
peak intensities. Glass transition temperatures of
most polyglutarimides were much higher than that
of PMMA and the clarity of FMMA was maintained.
The glass transition temperature of PGI was in-
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creased as the alkyl group of the primary amine
became shorter and bulkier. Thermogravimetric
analyses indicated that the thermal stability of
PMMA was significantly improved as a result of
the imidization except for PGIl-4 (isopropyl), PGI-6
(tert-butyl), and PGI-7 (benzyl).
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