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Figures 2a and 2b reveal the corresponding transmission
electron microscopic (Hitachi FE-2000) images of the colloids
shown in Figures la and 1b, respectively.  From the
transmission electron micrographs, it is apparent that the number
of small particles with diameter less than 2 nm became much
fewer and the average diameter increased from 28.9 nm to 55.9
nm upon going to Figure 2b from Figure 2a. These results
suggest that the photoinduced aggregation occurred to produce
larger particles from single stage irradiation (Figure 1a) to two-
stage irradiation (Figure 1b). Figure 3 shows the XRD pattern
acquired from the sample after the two-stage irradiation. The
diffraction peaks at 43.2° (43.3%), 50.3° (50.3°), and 74° (73.8°%)
correspond to the formation of metallic copper, where the
numbers in parentheses are 26 of standard Cu.
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Figure 3. X-ray diffractogram of copper nanoparticles.

Because high laser power was employed in this experiment,
a side reaction product may be generated during ablation.
Based on 'H-NMR results, no species other than 2-propanol in
solution were detected. However, it was confirmed by a gas
chromatography that acetone had been produced, accompanied
with the formation of Cu particles. In fact, formation of
acetone had been also observed when the 532 nm light was used
as the source."?

It is surprising that copper colloids made either by one-stage
or two-stage irradiation exhibited much better stability than
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those of previous reports.i'q After aging for five days, the
absorbance (Figure lc) was decreased by only 7% and the
surface plasmon peak was red-shifted about 6 - 8 nm relative to
the spectrum of the Figure 1b. The colloidal solutions still
showed a wine-red color, while some precipitates were observed.
The particle sizes presented here are significantly larger than
those of previous studies; although a few conditions generated
sizes around 20 nm, most of the cases displayed particle
diameters of less than 10 nm.>® The unusual stability of the
present Cu colloids may be attributed to larger sizes, which are
less active. Another possibility is the alcohol, which may be
responsible for the stabilization of Cu nanoparticles.'> Toshima
has synthesized Cu-containing colloids without protective
rcagent, which were stable against air in the presence of glycol.'
We have also found that the oxidized colloids, after aging, can
be reversed back to the solution with A, (surface plasmon band)
at 580 nm by employing a laser light."
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