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The nanocomposites of stable nanosilver particles embedded in polyacrylonitrile (PAN)
matrix were synthesized by y-radiation. In this method, the monomer acrylonitrile (AN) is
polymerized and the silver ions are reduced simultaneously by y-radiation to form composites in
situ. These nanocomposites are of great interest because they are considered to be novel functional
materials with a wide range of potential applications in nonlinear optical materials, conductive
composites, nanoscale electronics, electromagnetic interference shielding materials and the like [1,
2].

Solutions were prepared by dissolving analytically pure AgNO3 in distilled water followed by
adding isopropanol as a scavenger for free radicals, then adding a solution of acrylonitrile in N,
N'-dimethylformamide (DMF) or a very dilute aqueous solution of acrylonitrile. The solutions
were deaerated by bubbling pure nitrogen through it and then irradiating it in the field of a
2.59xl015Bq 6°Co y-ray source. After irradiation, precipitates were washed with distilled water,
then dried in an oven at different temperatures.

The size, morphology and structure of the polyacrylonitrile-silver nanocomposites were
investigated by X-ray powder diffraction (XRD) and transmission electron microscopy (TEM)
analysis. XRD patterns were recorded by a Japanese Rigaku Dmax yA X-ray diffractometer with
graphite monochromatized Cu Ka radiation (k= 0.154178nrn) and TEM image was taken with a
Hitachi Model H-800 transmission electron microscope. The absorption spectra were recorded on
a UV2100 Shimadzu UV-V1S Spectrophotometer using optical quartz cells.

Fig.l shows that the silver particles in the sample are amorphous (see Fig. l(a)). Only after the
product was kept in an oven at 180°C for 72 hours to crystallize, the face-centred cubic ( fee . )
crystalline silver is formed, as indicated by the diffraction peaks with 29 values of 38.2°, 44.3° and
64.5° corresponding to the crystal faces of (111), (200) and (220) of f e e . crystalline silver (see
Fig. l(d)). it suggests that the very slow reduction of silver ions is due to their strong interactions
with -CN groups of polyacrylonitrile.
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FIG. 1. XRD pattern of a polyacrylonitrile-silver nanocomposite synthesized by y-radiation.
Solution: 3g AgNO3, lOg AN, lOg isopropanol, 15g H2O and lOg DMF; Dose: 8.4xlO4Gy.
Dried at (a) 50°C for 12h; (b) 100°C for 5h; (c) 150°C for 5h; (d) 180 °C for 72h.

The strong interaction of silver ions with -CN groups of polyacrylonitrile was also confirmed
by IR spectrum of polyacrylonitrile-silver nanocomposites. The absorption band at 2026.6 cm"
may be attributed to Ag-CN.
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The absorption spectra of a very dilute aqueous solution of AgNO3 and AN after y-radiation
of different time at a dose rate of 0.83 Gy/s were studied. From Fig.2, it can be seen that the only
absorption band at 280 nm appears at the beginning of radiation. On the other hand, the absorption
band at 410 nm appears only after 40 min. However, on condition that PAN is replaced by
polyvinyl alcohol (PVA), the only absorption band at 410 nm appears at once at the beginning of
radiation, but no absorption band of shorter waves appears. These facts also verify that these are
the interactions of silver ions with -CN groups of polyacrylonitrile indeed.

FIG. 2. Absorption spectra of an aqueous solution after y-radiation of different time at a dose rate
of 0.83Gy/s (reference: distilled water). Solution: lxlO3 mol/1 AgNO3, 0.02 mol/l AN, 1.0 mol/1
isopropanol. (0) before y-radiation; (1) 10 min; (2) 20 min; (3) 40 min; (4) 60 min; (5) 108 min.

TEM image shows that very small silver particles with the size of 0.4~l nin are densely
dispersed in the rod-shape polyacrylonitrile matrix (see Fig.3).

FIG. 3. TEM image of the same solution as in Fig. 2; Dose: l . lxlO4Gy.
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