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1. Introduction

　There is intense interest in the synthesis and properties of metal clusters and nanoparticles

prepared in both aqueous and organic solutions and prepared in condensed state, for instance.

polymers, zeolites and glasses. Clusters, nanoparticles and its-containing materials are potentially

useful in a wide range of application. including highly active catalysts
田，magnetic

materials 【21，

quantum dots and miniaturization of electronic devices 国and nonlinear optical materials 囚

　We are interested in the ultraviolet irradiation induced reduction of silver ions in polymeric

matrices with the concomitant formation of silver nanoparticles， which would ultimately be used

for optical application. for itis well known that the third-犬orderoptical nonlinearity in the materials

doped with metal nanoparticles is strongly enhanced near the surface plasmon resonance

frequency. By ａ sputtering method, '^^a wide variety of metal particles can be introduced into the

polymer matrices. However, the requirement for the equipment is very high and the metal particles

in polymers are not well dispersed using this method. Recently, a y-irradiation technique has been

developed to prepare metal-polymer nanocomposites with homogeneous dispersion of metal

nanoparticles in polymer matrices [6] This approach is based on the in-situ irradiation reduction of

metal ions in the polymer matrix by hydrated electrons produced during the y-irradiation process.

However, the Y-irradiation technique is limited to ｅχtend for commercial applications due to the

nuclear pollution. In comparison to the y-irradiation，ultraviolet irradiation has the advantages of

easier accessibility. higher safety and can be much more widely used in industry.

　In this report, we demonstrate ａ novel convenient ultraviolet irradiation technique f)『

preparing polyimide(PI)-silver nanocomposites at room temperature. It was found that the silver

nanoparticles were homogeneously dispersed in the polyimide matriχ and the Pl/silver

nanocomposites exhibited an ultraviolet-visible (UV-Vis)absorption peak. corresponding to the

characteristic surface plasmon resonance of silver particles. In addition. this method may also be

extended to prepare other inoganic-polymer nanocomposites.

2. Experimental

　　　0.01 mol MMDA, 0.01 mol OPDA and 2 drops of なo-quinoline were dissolved in 40 ml

房-cresol, consecutively. The miχture was stirred at room temperature for 2 hours and then at 180

°C for 3 hours. The obtained PI solution was precipitated in 200 ml ethanol. The precipitate was

immersed in distilled water and ethanol for 2 hours, respectively, and was washed with distilled

water and ethanol for several times to remove/the residual /n-cresol. The intrinsic viscosity of this

soluble polyiniide is 1.3 dl/g and its chemical structure is shown in Fig. 1.
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　　A 250W high-pressure mercury lamp was used as the ultravioletirradiationsource. Two

precursors (AgAc,AgNOa)were introduced as the source of Ag nanoparticles.In one method, 2g

soluble polyimide was dissolved in 14 ml NMP and 1x10°^mol AgAc and 1.2×10' m̂ol TFA was

dissolved in ５ ml NMP. The two solutions were then mixed and irradiated for 12 hours to ensiire

the complete reduction of AgAc under ultravioletirradiation at room temperature. Then the

product was precipitatedquickly to distilledwater and washed with distilledwater several times.

After being dried in vacuum the product was redissolved in chloroform by sonication，and was

cast on ａglass substrate and dried at 30でin vacuum forａweek. Itis worth noting that AgAc is

not soluble in NMP. However, if one or more equivalents of TEA are dissolved in NMP followed

by the addition万〇ｆAgAc, AgAc was then dissolved completely with th万ｅformation ofAg(I)-TFA

complex. When AgNOs was tisedas the soTirceof silver.no addition of TFA was required since

AgNOs was dissolved in NMP. Apart from the omission of TFA, the procedui･ｅof the preparation

of Pl/silvernanocomposites using AgNOs as the source of Ag was identicalto thatusing AgAc.

3. Results and discussion

　　The万FT-IR spectra万ｍof theﾚsoluble PI exhibits characteristicabsorption peaks of polyimide

(Fig. 2). The characteristicabsorption bands are observed for Ｃ＝Ｏunsvmmetrical stretchingin

imide/groups (at 1780 cmう,c=o symmetrical stretchingin imide groups (at 1720 cm"') and C-N

stretchingin imide groups (at 1380 cm''). These bands are similar to the literaturevalues【^】and

indicate that the soluble PI has been successfully synthesized. In addition.no obvious difference

between the infrared spectra of the pure PI and the Pl/silvernanocomposites was observed.

Fig.3 shows the UV-Vis absorption spectra of the soluble PI and the Pl/silvernanocomposites.
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The PI shows no obvious absorption at wavelength above 400 nm. The Pl/silvernanocomposites

(a, b), however, show two broadened peaks at ~^20 and～430 mn，respectively.The presence of

the two peaks is consistent with the characteristic surface plasmon resonance of silver

nanoparticles which are formed upon reduction [81 The obsen'ed blue shiftof the surface plasmon

resonance peak from ～430 nm in sample (b)to ～420 nm in sample (a)may be related to the

interband transitionof silver and the increase of the average silverparticlesize which are proved

by theχRD results｡

　　Fig. 4 shows thatthe χ-ray diflfraction(χRD)patterns of the soluble Pl/silvernanocomposite

samples obtained by the two methods. The broadened peak at about 20°is corresponding to the

phase of polyimide. The four diffractionpeaks in the XRD patterns of samples (a) and (b)widen

greatly,indicating the formation of the nanometer scale silver particles in the Pl/silver

nanocomposites. The four peaks can be indexed as Ill, 200, 220, 311 planes of the face-centered

cubic silverphase with cellparameter a＝0.4087 nm in sample (a)and a= 0.4088 nm in sample (b)，

訊Wch are close to the reported data in the JCPDS fileNo. 4-783. The average size of the

nanometer Ag particleis about 8.9 nm in sample (a)and about 8.0 nm in sample (o), calculated

from the half-peak width usiug the Scherrer formula.

　　Directevidence of the morphology of the Pl/silvernanocomposites， the particlessize and size

distributionwas illustratedby TEM (Figs. 5 and 6). The TEM micrographs of the Pl/silver

nanocomposites (Fig. 5(a，b))show that the silvernanoparticles were homogeneously dispersed in

the two nanocomposites prepared by two approaches. Each approach gave two types of silver

nanoparticles with differentdiameters of 6-10 nm and 15-20 nm， respectively.The size of the

smaller particles(6-10 nm)is well corresponding to the values calculated by the χRD linewidth

technique. The larger silverparticles(15-20 nm)niay be due to the aggregation of the smaller ones.

resulted from the dissolution and precipitationprocesses or the heating produced by the bombing

of the electron beam to the sample during the TEM measurement. In addition,it was observed

from Fig. 6 that the adoption of the two differentprecursor (AgNOs and AgAc)only had an effect

upon the size distributionof the silvernanoparticles.
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4. Conclusions

　　Ａ convenient method for preparing soluble Pl－silver nanocomposites by xising ultraviolet

irradiation is presented. Two precursors of the silver particles (AgAc，AgNOs)were used. From

the TEM and χRD investigations. the silver nanopaticles homogeneously dispersed in the PI

matrix could been divided into two types. The average size of the one type is 6-犬10nm, and that of

the otlier type is 15一犬20nm, probably from the aggregation the first one. In the UV-Vis absorption

spectra of the Pl/silver nanocomposites, the absorption peak due to the surface plasmon resonance

of silver particles was observed at 420二430 nm.
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