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Laser ablation of a solid graphite target has been a topic of
utmost research interest since the advent of lasers in 1960s.'
Carbon clusters of various sizes were formed simply by ima-
diating a graphite surface in vacuum or gas-phase and remained
highly stable due to their high binding energies.~ Accordingly.
laser ablation of graphite has been widely employed as an
effective tool for the sy nthesis of carbon clusters and it has ulti-
mately brought about the discovery of Cap.

Recently, there has been a growing interest in laser ablation
of a graphite target in /iquid phase aiming at the growth of
polﬂ-'nes_f'9 which are hardly produced emploving conventional
organic svnthesis methods. Hydrogen-capped polvynes, (H(C =
C);H). are linear carbon chain molecules consisting of sp hybri-
dized orbitals. being observed in the interstellar space. Due to
their typical one-dimensional electronic structures. polyynes
have attracted considerable attention in their size-dependent
band gap'” and nonlinear optical properties.”

Large polyynes withn> 5. in particular. have been prepared
by laser ablation of graphite mostly in organic solvents.” while
we present experimental results on the formation of CipHz
(namely n = 3) by laser irradiation of a graphite target in neat
water. Although larger polyynes can be formed in organic sol-
vents, laser ablation in water has a unique advantage in that it
can greatly reduce the contaminant carbon materials including
graphite and graphite-like carbon particulates (in short. carbon
contaminants hereafter) compared to the organic solvents.

The key feature of laser ablation of a solid target in liquid
phase is certainly the formation of a dense plasma which gen-
erates local and temporal non-equilibrium conditions. There-
fore. physical parameters including laser fluence. wavelength.
and ablation time as well as chemical parameters including
solvent undoubtedly determine the characteristics of the resul-
tant polyvnes significantly. [n this Note, we discuss the effects
of aging and post-irradiation on the polyyne solution. together
with the influence of laser fluence on the formation rate and size
of polvvnes.

Experimental

Polyynes were produced by laser ablation of a graphite
target (diameter = 20 mum. thickness = 6.0 mn, 99.99%) placed
onthe bottom of a glass vessel filled with 30 mL of deionized
water. The graphite target was imadiated vertically by a Q-
switched Nd-YAG laser (Quantel 980C. 2. = 1064 nm) operating

at 10 Hz. The laser energy ranged from 60 to 200 mJ/pulse.
The laser beam was loosely focused using a lens with a focal
length of 300 mm. The spot size of the focused laser beam was
2.0 mm in diameter. The vessel was continuously rotated to
minimize the target aging effect and to give some stirring effect.
The optical properties of the nascent polyyne solution was
examined at room temperature by a UV-Vis absorption spectro-
photometer (HP 84524). The irradiation time and laser fluence
were varied to investigate the influence on the optical properties.
The post-irradiation was performed using pulsed UV laser (#. =
266 nm, pulse duration = 7 ns) for 30 min. The laser beam
diameter was 7 mum and energy was 2 ml/pulse.

Results and Discussion

The UV absorption spectmum of a solution prepared by laser
ablation of a graphite target in neat water and that of a graphite
powder solution are displayed in Figure L. The laser energy
was 160 ml/pulse (5.1 J;’cm3) and the ablation time was 3 min.
Unlike the graphite powder solution. there appear distinctive
features in the spectrum for the solution containing laser-gene-
rated species. The peaks at 203 mm. 215.5 i, and 226 nm repre-
sent CsH-~ and those at 239.5 nm and 251.5 nm belong to C1H-.”
It is gratifyving that polyynes as large as Ci:H: can be gene-
rated by laser ablation of graphite in neat water. for the first
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Figure 1. The UV absorption spectrum of a solution prepared by
laser ablation of a graphite target in neat water at 1064 nm (160
mJ/pulse) and that of a graphite powder solution.
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Figure 2. The effects of (a) the iradiation time, and (b) the laser energy
on the tormation of polvynes (log-log plots). In Fig. 2(b), the base
lne was subtracted when the absorbance at 213,35 nm was measured
to select contribution from CgH: only, while this still may melude
some intensities from smaller or larger polvynes. Since the concen-
tration of polyvnes larger than C gH. is negligible, the absorbance at
300 nm1s loosely indicative of the content of the carbon contammants.
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Figure 3. The agimg and post-radiation effects on the polyyne solu-
tion.

time to our knowledge. While Compagnini et ¢/ © reported syn-
thesis of CzH- by laser ablation of graphite in water at 332 nim.
they could not detect any larger polvynes at the laser fluence of
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0.4 J/em'. Since the density of C-. which is considered to be the
major building block of polyvynes. determines in essence the
size of polyynes. the shorter ablation laser wavelength was
often preferred to enrich C> molecules in liquid laser ablation
of gmphite.4 Itis, however. of note that the laser fluence as well
as the laser wavelength is a critical parameter for the growth
of large polyynes.

Figure 2 shows the effects of the irradiation time and laser
energy on the formation of polyynes using log-log plots. The
absorbance of the polyyne (more strictly. polvyne plus other
catbon contanunants) solution at 213.5 nm increased with
ablation time as shown in Fig. 2(a), but the rate was drastically
reduced after 5 min. This indicates that the self-absorption by
the solution diminishes the effective laser fluence on the target
surface. Figure 2(b) illustrates the relative concentrations of a
polyyne (m). CsH>. and carbon contaminants (- ). which were
estimated from the absorbance data at 215.3 nm (after the
correction of baseline to eliminate the contribution of carbon
contanunants) and 300 nm. respectively, as a function of laser
energy. At first glance. polvynes and carbon contaminants
show similar trend in their absorption intensities as the laser
energy increases. Nevertheless. the slight difference in the slope
may possibly imply that polyynes are preferably produced at
higher laser energies. This is in line with the result of Fig. 1,
which showes the effect of laser fluence on the growth of large
polyynes.

The aging and post-radiation effects on the polyyne solution
are depicted inFig. 3. Two days after the preparation of polyyne
solution by laser ablation. the absorption peaks representing
CsHxdecreased as little as ~23% while those belong to CoH:z
were not quite detectable. This leads us to conclude that the
larger polyynes are less stable inliquid environment containing
carbon-containing species. As the polyvne solution was irra-
diated for 30 min at 266 nm. the peak intensities related to poly-
ynes were drastically reduced. Since the band gap energies of
CsH:and C) H: are larger than the photon energy of % = 266
nm,"” the disappearance of polyynes by irradiation at 266 nin
is presumably related with a 2-photon absorption process.
Details are to be further investigated by more elaborate studies.
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