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Abstract A new series of four different linear aliphatic

ether linked aromatic bismaleimides (AEBMIs) were syn-

thesized from the respective linear aliphatic ether-linked

aromatic diamines and maleic anhydride. Further, the

POSS-AEBMI nanocomposites were developed by

Michael addition reaction of bismaleimide with varying

mass percentages of octa(aminophenyl)silsesquioxane and

were characterized by the fourier transform infrared spec-

troscopy, differential scanning calorimetry, and thermo-

gravimetric analysis. Data from thermal studies revealed

that the POSS-reinforced AEBMI nanocomposites pos-

sesses higher glass transition temperature (Tg), thermal

stability, limiting oxygen index, and lower dielectric con-

stant when compare to that of neat AEBMI. X-ray dif-

fraction and transmission electron microscopy analysis

confirmed the molecular level dispersion of POSS in the

AEBMI matrix.

Keywords Bismaleimide � POSS � Thermal properties �
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Introduction

Organic–inorganic hybrids with covalent bonding between

organic and inorganic components at the molecular level are

widely regarded as one of the most promising and rapidly

emerging materials. The properties of organic–inorganic

hybrid materials obtained from the polymeric and inorganic

components provide an easy processability, better tough-

ness, and good thermal and oxidative stability [1–6].

Recently, a novel class of organic–inorganic hybrid

materials based on polyhedral oligomeric silsesquioxane

(POSS) has been developed. POSS has the advantages of

having monodisperse molecular mass, with a well-defined

structure, lower density, high-temperature stability, and

containing no trace metals, and sizable interfacial interac-

tion between composite particles and polymer segments.

Each POSS compound may contain one or more reactive

sites; therefore, it can be easily incorporated into common

polymers. To improve the property of the material, POSS

can be introduced into the matrix with polymerizable

groups [7–20]. In our earlier work, POSS-polyimide,

POSS-polybenzoxazine, and POSS-epoxy nanocomposites

have been studied; and the data from the different analyses

revealed significant improvements in thermal and low

dielectric properties [21–28].

Bismaleimide (BMI) resins are one of the important

advanced resin matrices used for composites, and play an

increasingly important role in high-tech applications due to

the fact that their cured products have good electrical

properties, lower coefficients of thermal expansion, excel-

lent fire and moisture resistance, superior thermal and

thermo-oxidative stability, higher glass transition temper-

atures, and better mechanical strength [29–32]. However,

their inherent brittleness and limited impact resistance,

resulting from high crosslink density and rigid molecular
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skeleton, hamper their further application in aerospace and

electronic industries. Hence, many modification methods

have been developed to overcome the above-mentioned

drawbacks. Chemical modifications, such as the incorpo-

ration of flexible ether linkage on the main chain and/or

introduction of a bulky pendant group on the diamine, help

in producing a wide range of BMI with improved utility.

The presence of flexible ether linkage would decrease the

rigidity and crystallinity lower the energy of the internal

rotation of the polymer chain and enhance the solubility.

The incorporation of a bulky pendant group is expected to

decrease the close packing of polymer chains, which

decreases the intermolecular forces of attraction, thereby

improving the processability of the polymer [33–35].

In the present work, a new type of POSS-AEBMI hybrid

composite materials were developed from linear aliphatic

ether-linked diamine-based BMI with the incorporation of

varying mass percentages (1, 3, and 5 mass%) of octa(ami-

nophenyl)silsesquioxane (OAPS) through the Michael addi-

tion reaction and were characterized using the fourier

transform infrared spectroscopy (FT-IR), differential scan-

ning calorimetry (DSC) and thermogravimetric analysis

(TG) techniques. It was observed that the resulting OAPS

reinforced-AEBMI exhibits higher thermal and dielectric

properties than those of neat AEBMI.

Experimental procedure

Materials

Maleic anhydride, 1,2-ethenediol, 1,4-butanediol, 1,6-hex-

anediol, and 1,8-octanediol were received from TCI

chemicals Ltd. Sodium hydride, 1-chloro-4-nitrobenzene,

formaldehyde (37%), and phenol were received from

LOBA chemicals. All the solvents were received from SRL

India Ltd. All the chemicals were used without any further

purification. OAPS (Scheme 1) was synthesized and char-

acterized as per reported procedure [21, 22].

Synthesis of linear aliphatic ether-linked aromatic

dinitro compounds (AEN1–4)

100 mL of dry dimethylformamide (DMF), sodium

hydride, and 10 g (0.1611 mol) of 1,2- ethanediol were
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taken in a 250-mL round-bottomed flask. The resultant

product was stirred for 3 h at 50 �C and cooled to 0–5 �C

to get the sodium salt of diol. Then, 50.7 g (0.3222 mol) of

1-chloro-4-nitrobenzene was dissolved in 100 mL of DMF.

This was slowly added to the sodium salt of diol at the

same temperature, and then the temperature was raised to

30 �C and stirred over night. The reaction mass was

quenched with 1,500 g of crushed ice, filtered and washed

with distilled water, and recrystallized with ethanol. Yield:

91 % (Scheme 1). AEN2–4 was synthesized as per the

above procedure using respective diols and 1-chloro-4-

nitrobenzene.

Synthesis of linear aliphatic ether-linked aromatic

diamine compound (AEA1–4)

100 mL of ethanol, 10 g of aliphatic ether-linked nitro

compound AEN1, and 1 g of 10 % Pd/C were taken in a

250-mL round-bottomed flask. The temperature of the

mixture was raised to 50 �C, and then 20 mL of hydrazine

hydrate was added to the mixture and refluxed for 3 h. The

content was filtered in hot condition and cooled to room

temperature, to get white crystals. Yield: 86 % (Scheme 1).

AEA2–4 was synthesized by the reduction of respective

dinitro compounds.

AEA1: FT-IR: 3397 (–NH2), 2927 (Symmetric stretch-

ing), 2862 (asymmetric stretching), 1594 (Ar stretching),

1227 (Ar–O–CH2).
1H NMR (500 MHz, CDCl3) d (ppm): 6.52 (d, 4H,

ArH), 6.37 (d, 4H, ArH), 4.36 (t, 4H, Ar–O–CH2).
13C NMR: 147,140,116,115 (aromatic carbon), 69 (ali-

phatic carbon).

AEA2: FT-IR: 3391 (–NH2), 2922 (Symmetric stretch-

ing), 2860 (asymmetric stretching), 1594 (Ar stretching),

1221 (Ar–O–CH2).
1H NMR (500 MHz, CDCl3) d (ppm): 6.61 (d, 4H,

ArH), 6.42 (d, 4H, ArH), 4.41 (t, 4H, Ar–O–CH2), 3.91

(t, 4H, –O–CH2–CH2–) 1.82 (t, 4H, –CH2–CH2).
13C NMR: 146,142,117,114 (aromatic carbon), 69, 26

(aliphatic carbon).

AEA3: FT-IR: 3386 (–NH2), 2920 (Symmetric stretch-

ing), 2836 (asymmetric stretching), 1586 (Ar stretching),

1232 (Ar–O–CH2).
1H NMR (500 MHz, CDCl3) d (ppm): 6.71 (d, 4H,

ArH), 6.53 (d, 4H, ArH), 4.46 (t, 4H, Ar–O–CH2), 3.87 (t,

4H, –O–CH2–CH2–) 1.78 (t, 4H, –CH2–CH2), 1.4 (t, 4H,

–CH2–CH2–).
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13C NMR: 146,142,117,114 (aromatic carbon), 69, 31,

25 (aliphatic carbon).

AEA4: FT-IR: 3378 (–NH2), 2932 (symmetric stretch-

ing), 2857 (asymmetric stretching), 1582 (Ar stretching),

1237 (Ar–O–CH2).
1H NMR (500 MHz, CDCl3) d (ppm): 6.77 (d, 4H,

ArH), 6.63 (d, 4H, ArH), 4.49 (t, 4H, Ar–O–CH2), 3.83

(t, 4H, –O–CH2–CH2–) 1.72 (t, 4H, –CH2–CH2), 1.35–1.42

(t, 8H, –CH2–CH2–CH2–CH2–).
13C NMR: 146,142,117,114 (aromatic carbon), 69, 32,

27 (aliphatic carbon).

Synthesis of linear aliphatic ether-linked aromatic BMI

compound (AEBMI1-4)

To a one-Liter three-necked round-bottom flask fitted with

paddle stirrer, reflux condenser, and nitrogen inlet,

600 mL acetone, 98.1 g (1.0 mol) maleic anhydride, and

0.5 mol of the AEA1 were added. Rapid formation of

precipitate of the bismaleiamic acid occurred on mixing

the reactants together, and the mixture was allowed to

stand for 30 min to complete the reaction [36]. To the

above, 1.0 g of nickel acetate and 25 mL of triethylamine

were added and the entire mixture was heated slowly to

reflux. Then by means of pressure equalizing funnel,

118 mL acetic anhydride was added to the refluxing

reaction mixture, and heating was continued for an addi-

tional 3 h. The reaction mixture was diluted with 500 mL

water and chilled to crystallize the BMI. Yield 92 %

(Scheme 1). AEBMI2–4 was synthesized as per the above

procedure using respective amines.

AEBMI1: FT-IR: 3093 (C=C), 2933 (Symmetric stretch-

ing), 2853 (asymmetric stretching), 1716 (C=O stretching),

1393 (C–N–C stretching), 1247 (Ar–O–CH2), 673 (C=C).
1H NMR: (300 MHz, DMSOd6) d (ppm): 7.5–7.2 (d,

4H, ArH), 6.9–6.8 (d, 4H, ArH), 6.1 (s, 4H, CH=CH), 4.28

(t, 4H, Ar–O–CH2).
13C NMR: 170,157,134,128, 123, 114 (aromatic car-

bon), 66 (aliphatic carbon).

AEBMI2: FT-IR: 3093 (C=C), 2935 (Symmetric stretch-

ing), 2854 (asymmetric stretching), 1718 (C=O stretching),

1393 (C–N–C stretching), 1247 (Ar–O–CH2), 673 (C=C).

ppm
200 180 160 140 120 100 80 60 40 20 0

O

N

O

O O
2

O

O

N

17
0.

14

15
7.

14

13
4.

56

12
8.

33
12

3.
33

11
4.

76

66
.5

8

40
.2

9
40

.0
2

39
.7

4
39

.4
6

39
.1

8
38

.9
0

38
.6

3Fig. 3 13C NMR Spectrum

of 1,2-bis

(4-maleimidophenoxy)ethane

(AEBMI1)

1050 S. Devaraju et al.

123



1H NMR: (300 MHz, DMSOd6) d (ppm): 7.2 (d, 4H,

ArH), 7.1 (d, 4H, ArH), 7.0 (S, 4H, CH=CH), 4.1 (t, 4H,

Ar–O–CH2), 1.9 (t, 4H,–CH2–CH2).
13C NMR: 170,158,134,128,124,115 (aromatic carbon),

67, 25 (aliphatic carbon).

AEBMI3: FT-IR: 3093 (C=C), 2934 (Symmetric stretch-

ing), 2854 (asymmetric stretching), 1717 (C=O stretching),

1393 (C–N–C stretching), 1247 (Ar–O–CH2), 673 (C=C).
1H NMR: (300 MHz, DMSOd6) d (ppm): 7.5 (d, 4H, ArH),

7.2–6.8 (d, 4H, ArH), 6.1 (t, 4H, CH=CH), 4.0–3.9 (t, 4H,

Ar–O–CH2), 1.8 (t, 4H, –CH2–CH2), 1.5 (t, 4H, –CH2–CH2–).
13C NMR: 170,158,134,128,123,114 (aromatic carbon),

67, 28, 25 (aliphatic carbon).

AEBMI4: FT-IR: 3093 (C=C) 2935 (Symmetric stretch-

ing), 2854 (asymmetric stretching), 1718 (C=O stretching),

1393 (C–N–C stretching), 1247 (Ar–O–CH2), 673 (C=C).
1H NMR: (500 MHz, DMSO d6) d (ppm): 7.1 (d, 4H,

ArH), 7.0 (d, 4H, ArH), 6.9 (t, 4H, CH=CH), 3.9 (t, 4H,

Ar–O–CH2), 1.6 (t, 4H, –CH2–CH2), 1.3 (t, 8H, –CH2–CH2–).
13C NMR: 170,158,135,128,124,115 (aromatic carbon),

68, 29, 25 (aliphatic carbon).

Preparation of POSS-AEBMI nanocomposites

The POSS-AEBMI nanocomposites were developed via the

Michael addition reaction between OAPS and AEBMI using

DMF as a solvent in an inert atmosphere. Known quantities

of AEBMI and varying mass ratios of OAPS (1, 3, and

5 mass%) were dissolved in DMF. The resulting solutions

were mixed in a two-necked round-bottomed flask that had

been purged with nitrogen to remove moisture. The reac-

tants were stirred under nitrogen at 100 �C for 1 h, and then

cast on a smooth glass substrate and thermally treated at

100 �C for 2 h, 140 �C for 2 h, and 180 �C for 2 h.

Characterizations

FT-IR spectra were recorded on a Perkin Elmer 6X FT-IR

spectrometer. About 100 mg of optical-grade KBr was

ground with sufficient quantity of the solid sample to make

1 mass% mixture for making KBr pellets. All 1H NMR and
13C NMR analyses were done in DMSO d6 and recorded on

a Bruker 500 spectrometer.
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The calorimetric analysis was performed on a Netzsch

DSC-200 differential scanning calorimeter. The instrument

was calibrated with Indium supplied by Netzsch. Measure-

ments were performed under a continuous flow of nitrogen

(20 mL min-1). All the samples (about 10 mg) were heated

from ambient temperature to 300 �C, and the curves were

recorded at a heating rate of 5 �C min-1. Thermogravi-

metric analysis (TG) was performed on a Netzsch STA 409

thermogravimetric analyzer. The instrument was calibrated

with calcium oxalate and aluminum supplied by Netzsch.

The samples (about 10 mg) were heated from ambient

temperature to 700 �C under a continuous flow of nitrogen

(20 mL min-1), at 10 �C min-1.

The dielectric constant of the neat AEBMI and the

POSS-modified AEBMI systems were determined with the

help of impedance analyzer (Solartron impedance/gain

phase analyzer 1260) at room temperature using platinum

(Pt) electrode at a frequency range of 1 MHz. This

experiment was repeated four times at the same conditions.

Wide-angle X-ray diffraction (XRD) was obtained using a

Rich Seifert (Model 3000) diffractometer (with Cu K� radi-

ation (h = 0.15418 nm) for the ground powder of the cured

composites. The spectral window ranges from 2h = 1� to

2h = 70�.

A JEOL JEM-3010 analytical transmission electron

microscope, operating at 300 kV with a measured point-to-

point resolution of 0.23 nm, was used to characterize the

phase morphology of the POSS-modified AEBMI systems.

The transmission electron microscopy (TEM) samples

were prepared by dissolving the polymers in DMF mounted

on carbon-coated Cu TEM grids and dried for 24 h at room

temperature (RT) to form a film.

Results and discussion

Bismaleimide monomers were synthesized according to the

routes shown in Scheme 1. All the monomers were
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analyzed by the FTIR and NMR analyses to confirm their

molecular structure. Figure 1 shows the FT-IR spectra of

AEBMI monomers; the peaks appeared at about 666 and

3,110 cm-1 confirm the presence of C=C in BMI; also the

strong absorption around 1,720 cm-1 confirms C=O

stretching vibration of the imide ring. The bands around

1,355 cm-1 are due to C–N–C stretching vibration of the

imide ring. Figures 2–9 show the NMR spectra of aliphatic

ether-linked aromatic BMIs (AEBMIs) which further

confirmed the molecular structures of AEBMIs.

The POSS-AEBMI nanocomposites were developed

through the reaction of varying mass percentages (1, 3, and

5 mass%) of OAPS with AEBMI monomers via the

Michael addition reaction (Scheme 2). The cured POSS-

AEBMI hybrid nanocomposites were examined by the

FTIR and are shown in Fig. 10. The characteristic absorp-

tion peak appeared at 1,148 cm-1 and associated with the

maleimide C–N–C groups of AEBMI disappeared, whereas

the absorption band around 1,181 cm-1, corresponding to

the C–N–C groups of the maleimide appeared. At the same

time, the intensity of the absorption bands that appeared at

830 and 690 cm-1 is due to C=C and C=C–H, respectively.

This indicated the occurrence of the addition reaction of the

C=C of maleimide groups. The performance of the Michael

addition reaction was confirmed by the absence of the bands

at about 666 and 3,110 cm-1. The absorption peaks

appeared at 1,720 cm-1 for C=O stretching of the imide

group, and at 1,630 cm-1 for the -NH group, and a peak at

3,471 cm-1 due to the secondary -NH stretching confirmed

the occurrence of the Michael addition reaction between

OAPS and AEBMI.

The glass transition temperatures (Tg) of the neat

AEBMI, 1, 3, and 5 mass% OAPS-incorporated AEBMI

systems, were studied, using the DSC analysis with the
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temperature ranging from ambient temperature to 300 �C

at the heating rate of 5 �C min-1. The DSC data obtained

for the cured neat AEBMI and OAPS-incorporated AEBMI

hybrid systems are presented in Fig. 11 and Table 1. The

data from the DSC analysis show that the OAPS-incorpo-

rated AEBMI system possesses higher values of Tg than

that of neat AEBMI. There are two factors that influence

the glass transition temperature (Tg) value of the resulting

materials [28]. The first factor, the hindering effect of

POSS cubes on polymer chain motions enhances the values

of Tg. The second factor, the increase in the free volume of

the system due to the inclusion of bulky POSS cubes

decreases the values of Tg. Therefore, the glass transition

temperature of the POSS-containing nanocomposites

would be a comprehensive result of these two factors.

Although the incorporation of POSS increases the free

volume in the OAPS-AEBMI nanocomposites, this effect

can be compensated by an increase in the cross-linking

density. Similar results were observed with POSS-PI and

POSS-PBZ systems [21–26]. From the series of systems

studied, the values of Tg decrease with an increase in the

chain length of AEBMI, due to the increased free rotational

movement caused by the presence of flexible linear ether

linkage between the two aspartimide units.

The thermal properties of neat AEBMI and 1, 3, and

5 mass% OAPS-incorporated AEBMI systems were

studied using the TG analysis with temperatures ranging

from ambient temperature to 700 �C at the heating rate of

10 �C min-1 for nitrogen and air atmosphere. Figures 12

and 13 and Table 1 show the thermal degradation of neat

AEBMI and 1, 3, and 5 mass% OAPS-incorporated BMI

hybrid nanocomposites. From the TG data, it is inferred

that the increasing percentages incorporation of OAPS

into the AEBMI systems increased the thermal stability

due to the formation of a strong covalent bond between

the OAPS and AEBMI. When the OAPS content was

increased, more number of imide linkages was formed,

and the OAPS become an integral part of the AEBMI

systems. A similar trend was observed and the values of

higher char yield were obtained due to the thermally
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stable POSS cube. Among the systems studied

(AEBMI1–4) the 1 % OAPS-incorporated AEBMI1 system

possesses lower initial degradation temperature when

compared to other systems, and the OAPS-incorporated

AEBMI1 system possesses the highest thermal stability,

and the OAPS-incorporated AEBMI4 shows the lowest

thermal stability; the other two systems (AEBMI2 and

AEBMI3) lie between these two limits; this is due to the

aliphatic chain present in the system, which induces the

free rotational movement.

The limiting oxygen index (LOI) of neat AEBMI and

OAPS-reinforced AEBMI hybrid systems are presented

in Fig. 14 and Table 1. They are used to assess and

quantify the flame-retardant behavior of polymers. The

value of LOI is calculated from the char yield resulting

from the TG analysis. The data obtained from the TG

analysis indicate that there is an increase in the char

residue as the incorporation of OAPS is increased. The

LOI value represents the minimum requirement of oxy-

gen in a nitrogen–oxygen (air) mixture, to maintain the

combustion of a material (van Krevelen). The correlation

between the char yield and the LOI value is represented

by Eq. 1

LOI ¼ 17:5 þ 0:4 r ð1Þ

where ‘r’ is the char yield obtained at 700 �C.

The LOI value of OAPS-incorporated POSS-AEBMI

hybrid systems is higher than that of the neat AEBMI

matrix. The significant increase in the value of LOI indi-

cates that the OAPS-reinforced AEBMI nanocomposites

exhibit better flame retardancy than that of neat BMI

matrix. Among the systems, the AEBMI1-based POSS-

AEBMI system exhibited better flame retardancy when

compared to those of other systems.
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The dielectric constants (e9) and dielectric loss and

dielectric loss (e
00
) of neat AEBMIs and POSS-AEBMI

hybrid nanocomposites were measured, using the imped-

ance analyzer at a frequency of 1 MHz. The value of the

dielectric constant (e9) and dielectric loss (e
00
) was based

mainly on the polarizability of a material, and the e9 and e
00

value could be lowered significantly with the incorporation

of less polarizable components. As shown in Fig. 15 and

Table 1, the incorporation of the nanoporous OAPS mol-

ecule into the AEBMI decreased the values of the dielectric

constant of the resulting POSS-AEBMI nanocomposites.

The decreasing trend of dielectric properties as the increase

of POSS loadings in the hybrids suggests that the

increasing of POSS loading decreases the dipole–dipole

interactions in the nanocomposites. The dielectric loss

values of OAPS-reinforced AEBMI nanocomposites lie in

between 0.004 and 0.005. By the introduction of OAPS

into AEBMI systems, the dielectric constant values are

reduced, and the dielectric loss was slightly decreased due

to the change in free volume and the presence of less polar

nature of OAPS in the resulting nanocomposites. The

4000 3500 3000 2500 2000 1500 1000 500

5 %

690

1181

830

1630
1720

3471

2930
2855

3 %

1 %

Neat 1074

POSS-AEBMI1
Tr

an
sm

itt
an

ce
 /%

4000 3500 3000 2500 2000 1500 1000 500

5 % 

690

1181

830

1630
1720

3471

2930
2855

3 %

1074

POSS-AEBMI2

1 % 

Neat

Tr
an

sm
itt

an
ce

 /%

4000 3500 3000 2500 2000 1500 1000 500

POSS-AEBMI4

5 %

690

1181

830

1630
17203471

2930
2855

3 % 

1 % 

Neat

1074

Tr
an

sm
itt

an
ce

 /%

4000 3500 3000 2500 2000 1500 1000 500

POSS-AEBMI4

5 %

690

1181

830

1630
17203471

2930
2855

3 % 

1 % 

Neat

1074

Wavenumber /cm–1

Tr
an

sm
itt

an
ce

 /%

Wavenumber /cm–1

Wavenumber /cm–1
Wavenumber /cm–1

Fig. 10 FTIR Spectra of POSS-AEBMI nanocomposites

Thermal and dielectric properties 1057

123



dielectric behavior, as mentioned in our previous work,

was observed for POSS nanocomposites [21–26].

It is commonly known that the signal propagation

delay time of the integrated circuits is proportional to the

square root of the dielectric constant of the hybrid

nanocomposites, and therefore, the signal propagation is

directly proportional to the dielectric constant and

dielectric loss of the hybrid composites. Thus, the values

of low dielectric constant and low dielectric loss increase

the speed of signal transmission between the chips in the

packaging materials [25]. Hence, the hybrid nanomaterials

developed in the present work with good dielectric

behavior may find better utility in microelectronic insu-

lation applications.

XRD is used to characterize the organic–inorganic

hybrid network structure of OAPS, AEBMI, and POSS-

AEBMI nanocomposites, with respect to the changes in the

value of 2h using Bragg’s law 2dsinh = nk, where h is the

(angle of diffraction) Bragg angle, k is the wavelength

used, and n is the order of the crystalline plane. The XRD

patterns for the neat OAPS and OAPS-reinforced AEBMI

systems are shown in Fig. 16. From Fig. 16, a strong peak

at2h = 7.7� (d-spacing 1.11 nm represents the inter cubic

distance of OAPS) was observed. The diffraction pattern of

OAPS-reinforced AEBMI system showed a broad amor-

phous peak at 2h = 18.31�, which suggested that the

OAPS molecules are completely dispersed in the AEBMI

matrix systems. The XRD pattern of all the POSS-AEBMI

nanocomposites is similar, and implies that OAPS is

homogeneously dispersed in the AEBMI networks.

Figure 17 show the TEM micrographs of 5 mass% of

POSS-reinforced AEBMI nanocomposites. It shows the
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homogeneous morphology, and no localized domains

were observed. Only a few darker points were observed

at approximately about 30 nm in the AEBMI matrix,

which represents the dispersion of the OAPS in the

AEBMI matrix. This observation indicates that the

nanocomposite is a material with a particle size of

the dispersed phase having at least one dimension of

\100 nm [37]. Thus, the POSS moieties are well

dispersed at a nanometer scale in the AEBMI matrix to

form a POSS-AEBMI network. These results reveal that

the hybrid nanocomposites showed good interfacial

interaction between POSS and AEBMI matrix. The

nanometer level dispersion of POSS in the AEBMI

matrix also indicates that there should be an influence

on the other properties of the polymer.
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Conclusions

Four new types of POSS-incorporated linear aliphatic

ether-linked aromatic bismaleimide-based POSS-AEBMI

nanocomposites were developed and characterized. The

linear aliphatic ether-linked aromatic BMI was synthe-

sized, using the respective linear aliphatic ether-linked

aromatic diamines and maleic anhydride. The OAPS-

incorporated AEBMIs show higher values of Tg, better

thermal stability, and low k dielectric properties than

those of neat AEBMIs, and these hybrid materials are

expected to find a wide range of applications in the field

of aerospace and microelectronics, for better performance

and longevity.2θ / angle
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