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Bismaleimide Monomers and Polymers with Ester
and Ether Units. Synthesis and Properties

M. SAVA AND C. V. GRIGORAS

“P. Poni” Institute of Macromolecular Chemistry, Romania

A series of bismaleimide monomers were used to prepare poly(aminobismaleimide)s in an
attempt to achieve polymers with improved properties. Structurally different bismaleimides
with ester units were synthesized by reaction between 3(4)-maleimidobenzoylchloride with
various diphenols. Bismaleimides BMI-3 andBMI-4 were synthesized by reaction of maleic
anhydride with diamines respectively. Polymers based on these bismaleimides were
prepared by the Michael addition of diamines to bismaleimides. The monomers and
polymers were characterized by infrared (IR) and proton nuclear resonance (1H-NMR)
spectroscopy. Thermal characterization of monomers and polymers was accomplished by
differential scanning calorimetry (DSC) and dynamic thermogravimetric analysis (ATG).

Keywords bismaleimide, polyaminobismaleimides, synthesis, thermal properties
and characterization

Introduction

Polybismaleimides are an addition polyimides class obtained from bismaleimide and

contain unsaturated end groups. These resins are widely used as high performance

composite matrices for their high temperature resistance, multi-layer printed circuit

boards for large-scale computers, advanced composites for aerospace industries structural

adhesives. Polybismaleimide resins possess many desirable properties, which make them

very attractive for various applications. These properties include high tensile strength and

modulus, excellent chemical radiation and corrosion resistance, good retention of thermo-

mechanical properties even after long ageing times at 2508C (1–13).

Bismaleimide resins can be processed in a manner similar to the epoxies and their

curing evolves without volatiles. Unfortunately, these resins have a number of disadvan-

tages, such as brittleness (due to their high crosslink density), a high melting temperature

and curing temperature (14–17). To use thermosetting resins as high-performance struc-

tural composite materials, the fracture toughness must be improved without sacrificing

other important properties. Further attempts have been made to improve the processability

and properties of BMI resins, by the introduction of various substituents to the aromatic

rings in the main chain. In this study, we examined the influence of monomer structure

on the properties of bismaleimide resins.
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Experimental

Synthesis of Monomers

3(4)-Maleimido Benzoic Acid (3(4)-MBA). The products were obtained as described (18).

m.p. 3-MBA: 236–2408C toluene; m.p. 4-MBA; 225–230 toluene. Reference (19), 239–

2418C and 225–2288C, respectively.

3(4)-Maleimido Benzoic Acid Chloride (3(4)-MBAC). The products were prepared as

described in literature (20), m.p. 3-MBAC; 125–1288C dichloroethane; m.p. 4-MBAC;

169–1718C. Reference (21), m.p. 4-MBAC; 1708C.

General Procedure for the Preparation of Bismaleimides

Bismaleimides BMI (1-2)a and BMI(1-2)b were synthesized following the literature (21)

(Scheme 1).

3(4)-MBAC (0.1 mol) in 100 mL chloroforme (CHCI3) was cooled in a ice bath. TEA

(0.1 mol) (as acid acceptor) and a solution of diphenol (0.05 mol) in 100 mL CHCI3 were

added. After stirring for 1–1.5 h, the mixture was filtered and precipitated in petroleum

ether. The product was filtered and treated with sodium bicarbonate solution and then

thoroughly washed with water. The filtered precipitated product was recrystallized.

Bismaleimide 3–4 was synthesized following the literature (22). The bismaleimides

used in the rection were prepared from aromatic diamines (0.1 mol) with maleic anhydride

(0.22 mol) in dry acetone at reflux temperature according to described the method.

Intermediate bismaleamic acid was cyclodehydrated in situ with acetic anhydride and tri-

ethylamine, using magnesium acetate as a catalyst. The final product was recrystallized

and dried under vacuum.

Bismaleimide 1a (BMI-1a). The product was recrystallized from ethanol (yield ¼ 70%;

m.p. ¼ 1218C); IR (KBr) cm21: 1790 and 1720 (C55O imide), 1750 (C55O ester),

1225–1180 (hexafluoroisopropylidene group).

Anal. Calcd. for C37H20F6N2O8 (%); C, 60.49; H, 2.74; F,15.51; N, 3.81. Found: C,

60.08; H, 2.93; F, 15.21; N, 4.03.

Bismaleimide 2a (BMI-2a). The monomer was recrystallized from dichlorethane (DCE)/
ethanol (yield ¼ 68%; m.p. ¼ 212–2158C). IR (KBr) cm21; 1780 and 1730 (C55O

imide), 1750 (C55O ester), 1215–1190 (hexafluoroisopropylidene group).

Anal. Calcd. for C37H20F6N2O8 (%) C, 60.49; H, 2.74; F, 15.15; N, 3.81. Found: C,

60.24; H, 2.87; F, 15.26; N, 3.67.

Bismaleimide 1b (BMI-1b). The product was recrystallized from DCE (yield ¼ 67%;

m.p. ¼ 918C). IR (KBr) cm21; 1780 and 1715 (C55O imide), 1745 (C55O ester), 1320

and 1150 (–SO2).

Anal. Calcd. for C37H20N2O10S (%); C, 62.96; H, 3.10; N, 4.31; S, 4.94. Found; C,

63.13; H, 2.87; N, 4.52; S, 4.73.

Bismaleimide 2b (BMI-2b). The monomer was recrystallized from DCE/ethanol

(yield ¼ 69%; m.p. ¼ 236–2408C). IR (KBr) cm21: 1785 and 1725 (C55O imide),

1755 (C55O ester), 1330 and 1160 (–SO2).
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Anal. Calcd. for C37H20N2O10S (%); C, 62.96; H, 3.10; N, 4.13; S, 4.94. Found: C,

62.43; H, 2.85; N, 4.52; S, 4.83.

Bismaleimide 3 (BMI-3). The product was recrystallized from toluene (yield ¼ 71%,

m.p. ¼ 190–1948C). IR (KBr) cm21; 1790 and 1715 (C55O imide), 1340 and 1165

(–SO2), 1265 (–O–).

Scheme 1.
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Anal. Calcd. for C37H20N2O8S (%): C, 64.86; H, 3.40; N, 4.72; S, 5.41. Found: C,

64.53; H, 3.58; N, 4.89; S, 5.62.

Bismaleimide 4 (BMI-4). The monomer was recrystallized from dioxane/water

(yield ¼ 67%, m.p. ¼ 315–3188C. IR (KBr) cm21; 1790 and 1710 (C55O imide). Anal.

Calcd. for C35H20N2 O4 (%): C, 77.94; H, 3.96; N, 5.50. Found: C, 77.59; H, 4.13; N, 5.47.

Synthesis of Polymers

The polymers were prepared as described in literature (23) (Scheme 2).

Into 100 mL three-necked flask fitted with mechanical stirrer, thermometer and

nitrogen inlet, 0.02 moles of BMI, 0.02 moles diamines, N-methylpyrolidine-2-one

(NMP) as solvent (up to 15% of monomer concentration), were charged. Small

amounts of acetic acid at various reaction time intervals were added. The polymers

were isolated by pouring the reaction mixture into methanol to give powder polymers.

The products were filtered and washed thoroughly. An optimization study on reaction par-

ameters (time, temperature, concentration) was carried out, in order to achieve polymers

with higher molecular weights.

Measurements

The IR spectra were recorded on a Specord M90 Carl Zeiss Jena Spectrophotometer using

the KBr pellet technique. 1H-NMR spectra were run on a JEOL 60 MHz, NMR Spect-

Scheme 2.
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ometer at 608C in DMSO-d6 using TMS as an internal reference. Differential scanning

calorimetry (DSC) measurements were done by using a Mettler TA instrument DSC

12E, with heating rate of 108C/min in nitrogen. TGA was carried out in air with a

F. Paulik Derivatograph at a heating rate of 128C/min. The inherent viscosities of

polymer solutions were measured at a concentration of 0.5 g/dL in NMP and were deter-

mined at 258C using an Ubbelohde suspended level viscometer. Gel permeation chromato-

graphic (GPC) analysis was carried out on a PL-EMD 950 Evaporative Light Scattering

Detector instrument using dimethylformamide (DMF) as eluent and standard polystyrene

samples for calibration. The melting point of BMI-4 was determined with Hot Stage Type

Linkam TP 92 apparatus at a heating rate of 508C/min in air.

Results and Discusion

Monomer Synthesis

The IR spectra of obtained bismaleimides showed characteristic carbonyl doublet in the

range 1790–1710 cm21. Bismaleimides BMI (1-2)a and BMI (1-2)b showed an absorp-

tion band at 1755–1745 cm21 due to ester groups. The absorption peaks around

1215–1180 cm21 (BMI (1-2)a) correspond to the hexafluoroisopropylidene groups.

Compounds BMI (1-2)b showed an absorption band at 1340–1160 cm21 due to the

–SO2 group. In addition, the characteristic absorption of ether units (BMI-3) appeared

at 1265 cm21. Figure 1 presents the infrared (IR) spectrum of BMI-3.

The 1H-NMR spectrum of monomer BMI-3 confirmed its chemical structure. From

Figure 2 it can be seen that aromatic protons of bismaleimide BMI-3 appear as a

Figure 1. IR spectra of monomer BMI-4.
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doublet in the range 7.80–7.66 ppm (attributed to aromatic protons ortho to –SO2) and a

multiplet in the range 7.30–7.06 ppm (due to aromatic protons ortho to maleimide and

ortho to –O–). The 1H-NMR spectrum showed a singlet at 6.95 ppm attributed to

olefinic protons.

The monomers were analyzed by differential scanning calorimetry (DSC) (Figure 3).

DSC curves for all bismaleimides (except BMI-4) were characterized by a sharp melting

Figure 2. 1H-NMR spectra of monomer BMI-3.
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endotherm in the temperature range 100–2578C due to the melting of these monomers

(Table 1). Melting point of bismaleimide BMI-4 could not be recorded by DSC, when

sample was heated from room temperature up to 3508C. This may be due to the crosslinking

phenomenon along with the gradual heating. When bismaleimide BMI-4 was heated with a

higher rate (508C/min), the sample melted at 315–3188C. The bismaleimides BMI (1-2)a,

Figure 3. DSC scans of BMI (1-2)a, BMI (1-2)b and BMI-3.

Table 1

Physical and thermal properties of the obtained monomers

Monomer

General

aparence

M. P.a

(8C)

Tend
b

(8C)

Texo
c

(8C)

Tp
d

(8C)

IDT e

(8C)

Yc
f

(%)

BMI-1a Light-yellow 121g 123 313 235 422 48

BMI-2a Light-yellow 212–215 220 297 245 443 49

BMI-1b Cream 91g 100 222 191 335 42

BMI-2b White 235–240 257 289 272 390 35

BMI-3 Orange 204–208 207 298 232 435 57

BMI-4 Yellow 315–318h — — — 394 65

aMelting point determined visually in a capillary tube melting point apparatus.
bEndotherm peak temperature by DSC.
cExothermal peak temperature by DSC.
dStart of polymerization as measured by DSC.
eOnset degradation temperature.
fChar yield at 6008C.
gMelting point as measured by DSC.
hMelting point was determined with Hot Stage Type Linkam TP92.
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BMI (1-2)b and BMI-3 exhibited an exothermic transition associated to thermal curing at

222–3138C. The onset temperatures for a curing reaction, in the case of bismaleimides

BMI (1-2)a, BMI (1-2)b and BMI-3 are in the 191–2728C range. It is easy to notice that

for BMI-1a and BMI-2a, these temperatures do not have very different values compared

to temperature values for BMI-1b and BMI-2b, where the differences are significant.

Thermal stabilities of bismaleimide compounds were evaluated by TGA. The data of

the onset of initial decomposition temperature (IDT), temperature of maximum decompo-

sition and percent char yield at 6008C (Yc%) are listed in Table 1. The initial decompo-

sition temperature of the compounds is in the 335–4358C range. BMI-2a showed the

highest thermostability, wheareas BMI-1b has the lowest thermostability. Ether units

(BMI-3) and hexafluoroisopropylidene groups (BMI (1-2)a has a beneficial influence.

Considering as thermostability criterion the char yield at 6008C, BMI-4 is the monomer

with the highest thermostability, and BMI-2b is the monomer having the lowest one.

One can notice the influence of the ether group on the thermostability of BMI-3, which

is also high. In conclusion, BMI-3 and BMI-4 proved very good thermostability due to

the fact that these two monomers do not contain ester units. Among the bismaleimides

having ester units in their structure, those with hexafluoroisopropilydene moieties have

the higher thermostability.

Polymer Synthesis

The polyaminobismaleimides with ester and/or ether units were synthesized by the

Michael addition of diamines, namely: (1,2-bis(2-aminophenoxy)ethoxy(etane (APEE),

1,4-bis(4-aminophenoxy)benzene(APB), 4,4-bis(4-aminophenoxy)diphe-nyl-sulfone (AP-

DPS) and 9,9-bis(4-aminophenoxy)fluorine (APF), to bismaleimides in NMP at

90–958C. The polymers were isolated by pouring the reaction mixture into methanol to

give brown powder polymers. Results are summarized in Table 2. The structure of the

polymers were confirmed by spectroscopy (IR and 1H-NMR), and by elemental

analysis. The IR spectra showed that polymers are characterized by the same absorption

bands as the monomers, but they are wider. Figure 4 presents the infrared (IR)

spectrum of polymer P-1. The bands at 2950 and 2870 cm21 (g–CH2–) and 1170 cm21

(g(C–N–C)) of the polymer are due to the formation of succinimide rings during the poly-

addition reaction (24).
1H-NMR spectrum of polymer P-3 is presented in Figure 5. The multiplet at 7.87–

6.73 ppm is associated with protons of aromatic rings (peaks broader than those in

spectrum of monomer BMI-3). However, the spectrum of P-3 shows features different

from the spectrum of monomer BMI-3. The peaks at 5.82–5.60 ppm are attributed to

the –NH group. The multiplet between 4.84–4.62 ppm, is due to hydrogen Hc from

succinic ring. The signals between 3.18–2.96 and 2.84–2.65 ppm are determined by

aliphatic protons Hb and Ha,, respectively.

Elemental analysis data for the polymers are listed in Table 3 and proved a good con-

cordance between calculated and experimental values. The viscosities vary between 0.28–

0.43. The best value was obtained at 958C for P-3. The poorest results were obtained for

P-2, which have the lowest viscosity.

The GPC curve indicated that number-average relative molar mass (Mn) values of

polymers varied between 7500 and 15520 and the Mw/Mn ratio as a measures of

molecular weight distribution was between 1.2 and 1.75. Flexible films were obtained

from solution casting using NMP for polymers P-1, P-3, P-5, P-7 and P-8.
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Table 2

Reaction between bismaleimides and diamines

Polymer Bismaleimide Diamine Temp. (8C) Time (h) Conc. (%) ha (dL/g) Mn Mw/Mn Films prop.

P-1 BMI-1a APB 90 15 10 0.32 9,850 1.47 Flexible

P-2 BMI-2b APF 90 15 15 0.28 — — Brittle

P-3 BMI-3 APB 95 20 15 0.43 15,520 1.36 Flexible

P-4 BMI-4 APEE 95 25 10 0.30 8,600 1.75 Brittle

P-5 BMI-1b APEE 90 16 12 — 14,310 1.5 Flexible

P-6 BMI-1b APF 95 10 12 0.31 — — Brittle

P-7 BMI-2a APDPS 95 15 12 0.41 14,900 1.2 Flexible

P-8 BMI-2a APDPS 95 40 10 0.39 — — Flexible

P-9 BMI-2a APF 90 40 10 0.29 7,480 1.3 Brittle

aInherent viscosity, measured at a concentration of 0.5 g/dL in NMP at 258C.
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Figure 4. IR spectra of polymer P-1.

Figure 5. 1H-NMR spectra of polymer P-3.
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The thermal behavior of polyaminobismaleimides was evaluated by means of TG,

DSC (Tg) and isothermal gravimetic analysis (IGA) (Table 3). The thermogravimetric

(TGA) curves of the polymers P (1–4), P-6 and P(8, 9) are shown in Figure 6 and data

of the onset of initial decomposition temperature (IDT) and percentage char yield at

6008C are listed in Table 4. The initial decomposition temperatures of the polymers are

in the range 250–3388C. It was observed that IDT are higher for polymers P-7 and P-9

(based on bismaleimides having hexafluoroisopropylidene groups and various amine com-

ponents). As observed, the polymer P-3 shows the lowest IDT (being obtained from

bismaleimide with –SO2 groups). Considering IDT as a thermostability criterion, the

Table 3
Elemental analysis of the polymers

Polymer

Elemental analysis

C% H% N% F% S%

P-1

Calcd 64.45 3.34 5.46 11.12 —

Found. 63.71 3.89 5.12 10.73 —

P-2

Calcd. 73.01 5.04 6.67 — —

Found 74.53 4.65 6.13 — —

P-6

Calcd. 71.21 3.84 5.63 — 3.22

Found. 70.15 4.07 5.19 — —

P-7

Calcd. 62.88 3.28 4.80 9.78 2.75

Found. 63.44 2.89 5.15 10.12 3.04

P-9

Calcd. 68.88 3.54 5.18 10.54 —

Found. 69.16 3.21 4.85 10.22 —

Figure 6. TGA thermograms of polymers P (1–4), P-6 and P (8–9), heating rate: 128C/min.
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following order can be established:

P-7 . P-9 . P-8 . P-3 . P-5; P-6 . P-1 . P-2

The polymers P-2, P-7 and P-8 showed the highest values of Yc, compared to

polymers P-1, P-3 and P-5 (due to the influence of bismaleimide and diamine com-

ponents). The polymers P-4, P-5, P-6 and P-8 showed two-stage decomposition, due to

the combination of chemical different segments in the polymer chain.

The glass transition temperatures of the polymers P-1, P (3–5), P (7, 8) were in the

158–2008C range, being highly dependent on the bismaleimide and diamine

component structures. Polymers P-2, P-6 and P-9 do not show any glass transition temp-

Table 4
Some characterization data of prepared polymers

Polymer Color Tg
a (8C)

TG

IDTb (8C) PDTc max (8C) Yc (%)d

P-1 Reddish-brown 158 272 382 43

P-2 Reddish-brown — 250 382 53

P-3 Light-brown 178 295 432 44

P-4 Brown 166 291 348, 553 48

P-5 Redish-brown 162 294 384, 542 44

P-6 Light-brown — 282 382, 568 50

P-7 Reddish-brown 200 338 400 54

P-8 Reddish-brown 166 300 385, 558 55

P-9 Brown — 332 540 50

aThe glass transition temperatures, determined by DSC at a heating rate of 108C/min.
bOnset degradation temperature.
cMaximum decomposition temperature.
dChar yield at 6008C.

Figure 7. The isothermal weight loss in air at 2758C for 24 h (—) and at 3258C for 24 h (----).
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erature up to 3508C. It can be seen that there is a large interval between glass transition and

decomposition temperatures for all these polymers, a characteristic that can be

advantageous for their processability.

The present investigation was expanded in order to include evaluation of thermo-

oxidative stability of these polymers by IGA. The weight loss after 24 h at 2758C, in

air, for polymers P (1–9) varied in the range of 13.0–29.5%. For polymers P-1, P-3,

P-6 and P-7, after 24 h at 3258C, the weight loss was in the range 19.8–34%. Figure 7

presents the IGA traces of polymers P-1, P-3, P-7 and P-9 at 2758C and of polymers

P-1, P-3, P-6 and P-7 at 3258C.

The mechanical properties of polymer films are listed in Table 5. The films have

tensile strength values of 51–73 MPa, elongation at break of 2.1–3.4%, and tensile

modulus of 1795–2430 MPa. The tensile strength value of polymer P-3 is the highest,

this polymer having bismaleimide component with ether moieties (Table 5).

Conclusions

A series of bismaleimides and polyaminobismaleimides with different structures (ester,

ether units, hexafluoroisopropylidene, sulphonyl and fluorene groups) were synthesized

and characterized by spectroscopy (IR and 1H-NMR) and elemental analysis. Thermal

behavior of these compounds was evaluated by DSC, TGA and IGA. Mechanical proper-

ties of these polymers were also studied. This research was meant to establish the influence

of the monomer structures and regime parameters on the properties of the synthesized

polymers.
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