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Abstract. We synthesized polyynes by laser ablation of diamond nanoparticles (about 5 nm in diameter)
and graphite particles with two different sizes (about 5 nm and 10 pum) suspended in liquid ethanol. It was
found that the ablation of diamond nanoparticles results in larger amounts of long polyynes compared to
the ablation of graphite particles. It was also found that the chain length distribution of polyynes produced
from diamond nanoparticles is dependent on the laser irradiation time and the fraction of long polyynes is
higher when the irradiation time is shorter. These results allow us to conclude that the direct evaporation
of carbon atoms from pristine diamond nanoparticles at the initial stage of laser irradiation results in the
larger amounts of long polyynes.
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1 Introduction

Linear carbon chain structures such as hydrogen capped
polyynes with the general structure H-(C=C),,,—H (with
an integer m) or C,Hy (with an even integer n) are known
as the sp-hybridized carbon structure. These linear car-
bon chain structures are extremely interesting, because
they are not only possible carriers of unidentified inter-
stellar bands [1], but also offer a possibility of realizing
one-dimensional conducting materials [2,3] and nonlinear
optical materials [4]. However, they remain synthetically
challenging and difficult to study. Up to now, formidable
synthetic obstacles and instability have limited the study
of their electronic and optical properties.

Recently, Tsuji and co-workers have reported success-
ful formation of hydrogen-capped polyynes by laser ab-
lation of graphite [5] or fullerene [6] particles suspended
in organic solvents. Polyynes produced in solution were
very stable at room temperature and the amount was suf-
ficient to carry out several kinds of analysis including opti-
cal measurements. The extremely easy access to polyynes
will have an enormous impact in the possibility to study
the chemical and physical properties. However to date,
polyynes produced by this production method is limited
to the length of up to n = 16, and the yield decreases
with the chain length. Therefore, it is still challenging to
produce longer polyynes with high yields.

Very recently, we have carried out laser ablation exper-
iments by using diamond nanoparticles 5 nm in diameter
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suspended in ethanol as a target material [7]. We con-
firmed the formation of polyynes from diamond nanopar-
ticles as well as graphite and fullerene particles. It was
found that the products obtained from diamond nanopar-
ticles contain larger amounts of long polyynes than those
from pristine graphite particles, although the diamond
nanoparticles are graphitized by preceding laser irradia-
tion. This result suggests that some diamond nanopar-
ticles are directly evaporated without graphitization and
the direct evaporation may result in larger amounts of
long polyynes. In order to produce larger amounts of long
polyynes and much longer polyynes, it is necessary to
know the detailed mechanism of the polyyne formation
from diamond nanoparticles.

In this work, we compare the chain length distributions
of polyynes produced from diamond nanoparticles with
those from graphite particles with two different sizes, and
show that the chain length distribution depends on the
atomic structure, i.e., diamond or graphite. We also show
that the chain length distribution of the polyynes pro-
duced from diamond nanoparticles depends on the laser
irradiation time, and demonstrate that the direct evapo-
ration process from the diamond nanoparticles plays an
important role in the effective formation of long polyynes.

2 Experiment

The experimental setup was described in reference [7].
As ablation targets we used diamond nanoparticles
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about 5 nm in diameter, carbon onions (~5 nm) and
graphite powder (~10 pm). Diamond nanoparticles and
graphite powder are commercially available. Carbon
onions are produced by annealing the diamond nanopar-
ticles (~5 nm) at 1700 °C in high vacuum [8]. They con-
sist of concentric curved graphitic shells with an interlayer
distance close to that of bulk graphite. We approximately
regard the carbon onions as graphite particles as small
as diamond nanoparticles. Ablation targets of 5 mg were
suspended in 5 ml ethanol in a transparent vial. The sec-
ond harmonic (532 nm) of a Nd:YAG laser was used as
an irradiation source. The pulse duration is ~7 ns and
the frequency is 20 Hz. The energy fluence of the incident
beam was about 1.3 J/cm?.

In order to estimate the amounts of polyynes in
suspension, the ultraviolet-visible (UV-Vis) transmis-
sion spectra of the suspensions were recorded by a
double-beam spectrometer (Shimadzu, UV-3101PC). For
measurements, suspensions were diluted 50 times with
ethanol. When the suspension contains residual target ma-
terials, they were separated by centrifugation.

3 Results and discussion

The initial suspension of diamond nanoparticles is light
gray. By laser irradiation for 5 ~ 10 minutes, the suspen-
sion is transformed into black. From the analysis of Raman
spectrum and transmission electron microscopy (TEM)
observation of the black products in the suspension, it
was found that diamond nanoparticles are transformed
into graphitic particles by laser irradiation. After 40 min
irradiation, all particles in suspension disappear and the
suspension turns into yellowish transparent solution. Sim-
ilar results were obtained in the suspensions of graphite
particles with different sizes.

Figure 1 shows the UV-Vis spectra of suspensions at
the final stage. The vertical axis is the normalized ab-
sorbance. The curves denoted “ncD”, “CO” and “G” are
the spectra of the suspension of diamond nanoparticles,
carbon onions and graphite particles, respectively. These
spectra commonly exhibit many sharp bands in the UV re-
gion. The observed bands coincide well with those of a
series of hydrogen-capped polyynes. From a close compar-
ison of the wavelengths of the bands seen in Figure 1 with
those in literatures [9], we conclude that the suspensions
contain polyynes with n = 8, 10, 12, 14 and 16. As can
be seen in Figure 1, it is clear that the amount of long
polyynes in the suspension of the diamond nanoparticles
is larger than that of the graphite particles.

In order to analyze more in detail the observed spec-
tra, we deconvoluted the spectra into those of individ-
ual polyynes with different n. In the deconvolution, we
assumed the spectra of polyynes with n ranging from 8
to 16 reported by Cataldo [10] and a continuous back-
ground representing the absorption by molecules produced
other than polyynes. By fitting the observed spectra by
a least square method, we obtained the absorbances for
the most intense bands of polyynes. The absorbances for
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Fig. 1. Spectra of the suspension produced from diamond
nanoparticles (ncD), carbon onions (CO) and graphite pow-
der (G) respectively. All spectra are normalized and offset. The
vertical lines indicate the position of the main three absorption
bands of each polyyne (C,Hz: n = 8 ~ 16).
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Fig. 2. Absorbances of the most intense bands of C,H2
produced from diamond nanoparticles (ncD, e), carbon
onions (CO, W) and graphite powder (G, A) as a function of
the carbon atoms in the polyyne chain. The inset shows the
relative absorbance of each polyyne normalized at the value
of CgHQ.

polyynes are proportional to the amounts of polyynes
produced.

Figure 2 compares the value of the absorbances of the
most intense bands of polyynes produced from diamond
nanoparticles, carbon onions and graphite powder, when
all particles in suspension are exhausted. The absorbance
of the CigHs in the suspensions of carbon onions and
graphite powder are too small to be estimated. The to-
tal amounts of polyynes produced from equal amount of
carbon sources depend on the kind of the target mate-
rial. Smaller carbon particles such as diamond nanopar-
ticles and carbon onions can produce larger amounts of
polyynes than the larger size graphite powder. In the
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Fig. 3. Laser irradiation time dependence of length distri-
bution of polyynes produced from diamond nanoparticles:
5 min (M), 10 min (e) and 40 min (A), respectively.

inset of Figure 2 the absorbances of polyynes with n = 8
to 16 relative to that of n = 8 are plotted. It is found
that the polyynes produced from diamond nanoparticles
contain larger amounts of long polyynes than those from
graphite particles. Furthermore, it is worth noting that
the chain length distributions of the polyynes produced
from carbon onions and graphite powder are very similar.
This result indicates that the chain length distribution of
the polyynes produced from graphite sources is intrinsic
and independent of the particle size.

The polyynes produced from diamond nanoparticles
are thought to be the mixture of polyynes, which are pro-
duced by the direct evaporation of carbon atoms from pris-
tine diamond nanoparticles and those from graphitic par-
ticles transformed from diamond nanoparticles. Figure 3
shows the chain length distribution of polyynes produced
from diamond nanoparticles for three different irradia-
tion times 5, 10 and 40 min. The polyynes produced
by a shorter irradiation contain larger fractions of long
polyynes. After 5 min irradiation, particles in the sus-
pension are still mainly diamond nanoparticles. There-
fore, in this period the polyynes are mainly produced by
the carbon atoms from pristine diamond nanoparticles.
This indicates that the direct evaporation of carbon atoms
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from diamond nanoparticles plays an important role in ef-
fective formation of long polyynes. On the other hand,
further irradiation transforms the diamond nanoparticles
into graphitic particles and polyynes are produced mainly
from them. Since polyynes produced from them may have
the chain length distribution similar to that produced
from pristine graphite particles, the relative fraction of
the long polyynes decreases with the irradiation time. It
is worth noting that the length distribution of polyynes
from carbon onions was found to be independent of laser
irradiation time.

In conclusion, the direct evaporation of carbon atoms
from pristine diamond nanoparticles results in the forma-
tion of large amounts of longer polyynes. Further effective
formation of long polyynes and much longer polyynes may
be possible, if diamond nanoparticles could be evaporated
more effectively, i.e., by using the laser beam with a higher
power or with a photon energy larger than the band-gap
of diamond.

This work was supported by a Grant-in-Aid for Scientific Re-
search from the Ministry of Education, Culture, Sports, Science
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References

1. P. Thaddeus, M.C. MaCarthy, Spectrochim. Acta A 57,
757 (2001)

2. H.W. Kroto, Angew. Chem. Int. Ed. Engl. 31, 111 (1992)

3. W. Beck, B. Niemer, M. Wieser, Angew. Chem. 105, 969
(1993)

4. A.D. Slepkov, F.A. Hegmann, S. Eisler, E. Elliott, R.R.
Tykwinski, J. Chem. Phys. 120, 6807 (2004)

5. M. Tsuji, T. Tsuji, S. Kuboyama, S.-H. Yoon, Y. Korai,
T. Tsujimoto, K. Kubo, A. Mori, I. Mochida, Chem. Phys.
Lett. 355, 101 (2002)

6. M. Tsuji, S. Kuboyama, T. Matsuzaki, T. Tsuji, Carbon
41, 2141 (2003)

7. H. Tabata, M. Fujii, S. Hayashi, Chem. Phys. Lett. 395,
138 (2004)

8. S. Tomita, M. Fujii, S. Hayashi, K. Yamamoto, Chem.
Phys. Lett. 305, 225 (1999)

9. R. Eastmond, T.R. Johonson,
Tetrahedron 28, 4601 (1972)

10. F. Cataldo, Carbon 42, 129 (2004)

D.R.M. Walton,



