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INTRODUCTION

Nanoparticles and composites show very interesting

physical properties and lead a ground-breaking class of

materials for the development of novel devices, which have a

broad range of applications. In particular composites of

inorganic in polymer matrices have been proven to be inorganic

nanoparticles and the flexibility offered by the polymer host1.

In recent years, the II-VI semiconductor zinc oxide (ZnO nano-

particles) nanostructures have drawn many attentions in the

fabrication of efficient material in different fields with many

extraordinary properties, including nontoxicity, biological

compatibility, chemical and photochemical stability, high

electrochemical activities and easy preparation etc. 2,3. Various

fabrication strategies are adapted for nanoscaled ZnO

preparation, such as precipitation4, thermal decomposition5 and

electro deposition6. Zinc oxide nanostructures are traditionally

known as a wide band gap (3.36 eV) with an excitation binding

energy (60 meV) larger than its thermal energy which ensures

an efficient ultraviolet-blue emission (26meV) at room

temperature7. It has a wide range of potential applications in

various devices such as UV lasers, solar cells high sensitivity

chemical gas or volatile organic compound sensors and DNA

sequence sensors varsities displays, etc. due to its electrical,

optoelectronic and photochemical properties8. Zinc oxide
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nanoparticle is also a bio-safe and biocompatible material and

can be directly used for biomedical applications without

coating9. Particle surface modification is regarded as an

effective way to restrain the ultra-fine particles high oxidative

and photochemical catalytic activities10. Zinc oxide nano-

particles were grafted by aminopropyltriethoxysilane (APTES)

in various conditions in order to compare the properties of

coated and non-coated powders11.

Bismaleimides (BMI) are broadly used as high perfor-

mance composite matrices in aerospace industry. As compared

with other thermosetting polyimides, bismaleimides display

both excellent high performance and low cost12. Silica-BMI

composite found that the materials could be used as an alter-

native to the broadly used silica-epoxy composite13. Nanosilica-

BMI based composite materials are the potential solutions to

overcome the limitations and demands in the field of semicon-

ductor packaging14. Silica-BMI nanocomposite with the

modification of silica surface with organo-functional groups.

Studies revealed the grafting of epoxide groups onto the silica

surface15. In this study, we explored the grafting of maleimide

rings which was achieved by reacting amine-grafted zinc oxide

nanoparticles with BMI (BMI/ZnO) and were prepared. The

structural, thermal and morphological properties were

investigated using FT-IR, TG, XRD and SEM.
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EXPERIMENTAL

4,4-Diphenyl methane was purchased from Ciba-Geigy

Ltd., Mumbai, India. γ-Aminopropyltriethoxysilane (γ-APTS),

a grafting agent was supplied by Aldrich, USA. Zinc acetate

dihyrate was purchased from Central Drug House Pvt. Ltd,

India. Dibutyltindilaurate (DBTDL), was obtained from

Merck. Maleicanhydride was purchased from Otto Kemi,

India. Nickel acetate was supplied by HiMedia Laboratories

Pvt. Ltd, India. Triethyl amine was purchased from Fisher

Chemic Ltd, India.

Synthesis of zinc oxide nanoparticles (ZnO NPs):

0.2194 g (1 m mol) Zinc acetate dihydrate and 40 g ethanol

were taken in a 250 mL round-bottom flask fitted with a

condenser and the mixture was refluxed at 50 °C for 1 h using

magnetic stirrer. Ethanol solution of NaOH (0.08 g NaOH

dissolved in 5 mL ethanol) was added slowly to the reaction

mixture under constant stirring. The reaction was allowed to

stand for 6 h, after the complete addition of ethanol solution.

The clear aqueous solution turned into a dirty white colloid

without any precipitation. The colloidal solution was centri-

fuged, zinc oxide nanoparticles was collected and dried under

vacuum at 110 °C for 2 h.

Synthesis of siliconized zinc oxide nanoparticles (SiZnO

NPs): 2 g of zinc oxide nanoparticles was taken in a 250 mL

three necked, round-bottom flask fitted with a condenser and

nitrogen flow. 200 mL of anhydrous toluene was added and

the suspension was stirred for 1 h. 1 mL of γ-Aminopropyl-

triethoxysilane (γ-APTS) was added gradually. The reaction

mixture was refluxed for 15 h and then filtered. Excess APTS

was removed by washing with fresh toluene and dried under

vacuum at 110 °C for 2 h to remove toluene (Scheme-I).

Synthesis of bismaleimide (BMI): Synthesis of bismale-

imide was carried out in a 1 L three necked flask equipped

with mechanical stirrer, reflex condenser and nitrogen inlet.

0.5 mole diaminodiphenylmethane was dissolved in 600 mL

of acetone in the flask. Powdered maleic anhydride (98.1 g,

1 mol) was added in portions. An exothermic reaction was

observed and the stirring was continued for 1 h to complete

the reaction. A bright yellow precipitate of bismaleimic acid

was obtained. The precipitate was filtered in a G4 sintered

crucible, washed well with copious amount of toluene and

dried in vacuum. The yellow bismaleamic acid powder was

dissolved in 200 mL of acetone. Nickel acetate (1 g) and

triethylamine (28 mL) were added to the solution and the entire

mixture was heated slowly to reflux. Acetic anhydride (117.9

mL) was added to the reaction mixture by means of pressure

equalizing funnel and heating was continued for another 3 h.

The resulting yellowish brown solution was added in drops to

large quantities of crushed ice with efficient stirring. The

resulting yellow coloured bismaleimide (N,N'-bismaleimide-

4,4'-diphenylmethane) was separated by filtration, washed

with copious amount of ice-cold distilled water, recrystallized

from toluene and vacuum dried at 80 °C for 5 h (Scheme-II).

Synthesis of bismaleimide modified zinc oxide nano-

particles (BMI/ZnO NPs): 2 g of Siliconized zinc oxide nano-

particles was mixed with 4 g of BMI powder (molar excess).

50 mL of chloroform was added to the mixture and was agitated

for 24 h using a magnetic stirrer. The sample was then separated

from the liquid phase by centrifugation at 3000 rpm and

washed thoroughly with chloroform (3 times) and acetone

(twice). The sample was dried at 80 °C to remove chloroform

(Scheme-II).

Characterization: The FT-IR spectra were recorded on

a Shimadzu-1800S spectrophotometer with KBr pellets for

solid samples. The viscous liquid samples were directly applied

by dubbing on a KBr pellet. Thermal stabilities were recorded

in dynamic nitrogen atmosphere (flow rate 20 cm3/min) with

a heating rate of 10 K/min using a Perkin Elmer (TGS-2 model)

thermal analyzer. Powder X-ray diffraction patterns were

recorded with on Bruker AXS D8 advance powder X-ray

diffractometer. Scanning Electron Micrography with Energy

Dispersive Spectrometry associated (SEM/EDS) using JSM-

5610 scanning electron microscope was used for morpho-

logical eva1uation.

RESULTS AND DISCUSSION

FT-IR spectra: From vibrational spectra of ZnO nano-

particles, Zn-O stretching vibration at 424.15 cm-1, O-H

stretching frequency at 3458 cm-1 and O-H bending frequency

at 937.44 cm-1 were found. The FT-IR spectra are depicted in

Fig. 1.

The spectra of SiZnO nanoparticles show that Zn-O

stretching vibration at 424.35 cm-1, O-H stretching vibration

at 3417.98 cm-1 and C-H stretching vibration at 2926.11 cm-1.

Reiteration of characteristic peak of zinc oxide nanoparticle

and observation of a sharp and strong Si-O asymmetric stre-

tching frequency (1012.66 to 1116. cm-1) for surface-modified

(siliconized) sample indicates that the main structure of zinc

O

O
O

ZnO

OH

OH

OH

OH

OH

HO

HO

HO

ZnO

OH

OH

HO

HO

HO

O

O

O

Si

Si NH2

ZnO NPs

anhy.toluene

Stirring for1 h 

Refluxed for 15 h

SiZnO NPs

NH2

Scheme-I: Synthesis of SiZnO nanoparticles
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Fig.1. FTIR of ZnO, BMI, SiZnO nanoparticles and BMI/ZnO nanoparticles

oxide nanoparticle is not altered by silane encapsulation. The

O-H bending vibration at 937.44 cm-1, due to the hydroxyl

groups attached to the surface of ZnO, was not observed for

SiZnO, confirms the condensation reaction between the surface

-OH groups of ZnO nanoparticles and -OCH2CH3 groups of

γ-APTS. This also suggests that the modification reactions

occurred primarily on the ZnO nanoparticles surface rather

than in the internal structure. However, silane treatment results

increase of peak intensity at 3417.98 cm-1 which is ascribed to

the overlapping of -NH stretching frequency of the aminosilane

with OH stretching frequency. The appearance of new peak at

1745.84 cm-1 (-NH bending vibration of amine group) further

supports the above fact.

From FT-IR spectrum of BMI, cyclic imide-C=O stre-

tching vibration at 1707.06 cm-1, cyclic -C=O bending vibra-

tion at 732.98 cm-1, C-N stretching vibration at 1359.16 cm-1

and aromatic –C=C– stretching frequency at 1627.99 cm-1.

The characteristic absorptions due to =C-H stretching vibration

of maleimide at 3090.10 cm-1, =C-H bending vibration of

maleimide moiety at 689.2 cm-1 and =C-H out-of-plane

bending of maleimide at 832.4 cm-1 are widely accepted as a

reference to follow the conversion of BMI double bonds16,17.

The FT-IR spectrum of BMI/ZnO nanoparticles reveals

the absorption peaks due to =C-H bending at 689.2 cm-1 and

=C-H out-of-plane bending at 832.4 cm-1 of maleimide mono-

mer disappeared during the BMI/ZnO nanoparticles formation,

suggesting the cure of maleimide group. Two additional peaks

observed for BMI modified ZnO nanoparticles, –C=O stret-

ching frequency at 1714.72 cm-1 and aromatic –C=C– stret-

ching frequency at 1612.19 cm-1, compared to the siliconized

ZnO nanoparticles, indicates the presence of BMI molecules

on the surface of the siliconized ZnO nanoparticles. In addition,

the carbonyl peak observed for BMI modified ZnO nano-
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particles was shifted to higher wave number (1714.72 cm-1)

compared to neat BMI (absorb at 1707.06 cm-1). The shift

indicates that -NH2 groups of siliconized ZnO nanoparticles

reacts with the maleimide double bond of BMI molecules,

FT-IR analysis of BMI modified ZnO revealed no signs of

transamidation and it is clear that the reaction between amine

groups and BMI molecules occurred predominantly through

a nucleophilic (Michael) addition reaction18. Most importantly,

the carbonyl peak at 1707.06 cm-1 indicates the presence of

free maleimide double bonds in the BMI/ZnO nanoparticles.

XRD analysis: The size of zinc oxide nanoparticles and

siliconized zinc oxide nanoparticles were investigated by XRD.

Fig. 2 shows XRD results of ZnO and SiZnO nanoparticles.

The main peaks occurs at 2θ = 32°, 34.8° and 36.5°, which

correspond to (100), (002) and (101) planes respectively. As

shown in the figures, the diffraction peaks of siliconized zinc

oxide nanoparticles and zinc oxide nanoparticles are good

agreement with that of the hexagonal wurtzite structure, which

are consistent with the values in the standard card (JCPDS 36-

1451). The average size of zinc oxide and siliconized zinc

oxide nanoparticles were determined by means of X-ray line-

broadening method using Scherrer equation19. These results

show that the size of zinc oxide nanoparticles was not affected

by siliconization and ranged from 25 to 40 nm.
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Fig. 2. XRD of ZnO nanoparticles, SiZnO nanoparticles and BMI/ZnO

nanoparticles

Thermal analysis: Thermal analysis technique (TG)

measures the heat flow change of a material as a function of

temperature and is widely used in determining melt tempe-

ratures and heat transitions. Fig. 3 represents the thermogram

of BMI/ZnO nanoparticles. The thermogram of BMI shows

an endothermic melting transition at 154 °C and exotherm at

262 °C. Also BMI modified ZnO nanoparticles (BMI/ZnO

NPs) system revealed a sharp endothermic peak at 225.02 °C,

associated with melting, followed by exothermic transition due

to curing at 264.21 °C. The high exothermic peak found at

316.45 °C obtained for BMI/ZnO nanoparticles system is due

to the following reactions, (i) addition reaction of -NH2 groups

of silane modified ZnO with double bonds of bismaleimide

(Michael addition) and (ii) homopolymerization of bismale-
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Fig. 3. Thermogram of BMI/ZnO nanoparticles

imide. However, it was reported that the reaction (ii) is least

possible due to the higher activation energy (higher tempe-

rature) to initiate homopoly-merization of bismaleimide20. For

example the temperature required to start the homopolymeri-

zation reaction for BMI is 180 °C.

Morphological investigation: The SEM images of the

zinc oxide nanoparticles and siliconized zinc oxide nano-

particles are displayed in Fig. 4a-b. Zinc oxide nanoparticles

shows crystallites and several crystallites are aggregated into

one grain. Indeed, as shown in Fig. 4a-b, indicates that the

zinc oxide nanoparticles consist of an assembly of ultrafine

particles. The diameter of the zinc oxide and siliconized zinc

oxide nanoparticles is in the range of 25-40 nm. The SEM

micrograph of the unmodified BMI (Fig. 4c) reveals crystallites

with micropores indicating brittle phase. The surface of the

BMI modified ZnO nanoparticles (Fig. 4d) reveals a hetero-

geneous morphology due to low shear stress and processing

time21. The calculations of the average nanoparticle size indi-

cate that the average size remains unchanged by the grafting

reaction.

Fig. 4. SEM Pictogram for (a) ZnO nanoparticles (b) SiZnO nanoparticles

(c) BMI (d) BMI/ZnO nanoparticles
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Conclusion

The FT-IR spectrum of synthesized BMI/ZnO nano-

particles shows the chemical reaction between amine groups

of siliconized ZnO nanoparticles and BMI through a nucleo-

philic (Michael) addition reaction. The thermogram of BMI

modified ZnO nanoparticles (BMI/ZnO NPs) system shows

an endothermic peak at 225.02 °C and an exotherm at 264.210

°C, confirms addition reaction of -NH2 groups of silane modified

ZnO with double bonds of bismaleimide. The XRD and SEM

images of the zinc oxide, siliconized ZnO and bismaleimide

modified ZnO nanoparticles show nanorods have the diameter

in the range of 25-40 nm with strong aggregation. The SEM

of BMI modified ZnO nanoparticles indicates a heterogeneous

morphology due to low shear stress. The SEM micrograph of

the EPDM-R-BMI/ZnO system reveals that the minor compo-

nent (BMI/ZnO) is dispersed within a continuum of the major

component (EPDM) with co-continuous morphology.
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