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Abstract

Carbon nanoparticles were synthesized using laser ablation of a graphite target in dimethylformamide (DMF) using
Nd:YAG laser with a wavelength of 1064 nm. The target was irradiated by the laser beam with a pulsed energy of 3
J, apulsed repetition rate of 2 Hz and a pulsed duration of 5 ms. SEM images presented that a flake-like morphol ogy
of graphites in the target transformed into a spherical-like shape with a broad size distribution ranging from 80-130
nm. The Raman spectrum showed the structure of graphite was changed after laser ablation. UV-visible and
fluorescent spectrometers were used to investigate absorption and emission characteristics of the carbon
nanoparticles, respectively. The fluorescent carbon nanoparticles which ablated in DMF can absorb a light in the UV
range and emit a fluorescence of bright blue-green color.
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1. Introduction

Carbon nanomaterials have become popular fields for researcher since they have been widely used in
many areas such as catalysis supports [1-3], gas adsorbents [4], drug delivery [5], hydrogen storage [6],
junction device [7], and sensor [8]. Various methods have been used to synthesize carbon nanomaterials,
e.g., arc discharge [9], microwave plasma [10], chemical vapor deposition [11] and laser ablation [12].
Among them, laser ablation is a widespread method for synthesis of nanoparticles that can be synthesized
in gas, vacuum or liquid. Pulsed laser ablation in liquid was first reported by Patil and co-worker in 1987
[13]. In this method, solid target isimmersed in aliquid medium and the laser bear is focused though the
liquid onto the target surface. The advantage of this method is simple and does not require a vauum
system. The controllability of particle size is shown to be dependent upon operating conditions
(wavelength, laser power, pulsed duration, etc.).

This paper reports the synthesis of carbon nanoparticles using laser ablation of graphite via a long
pulsed laser in dimethylformamide (DMF). The morphology, graphitic nature, absorption and
fluorescence of carbon nanoparticles are also reported.

2. Experimental

2.1. Preparation

The experimental procedure is illustrated in Fig. 1. Graphite target was obtained from pressing
graphite micropowders under an isobaric. The consolidation pressure was 200 bars. In Fig. 2 graphite
target is placed at the bottom of a glass vessel, filled with DMF until its level was approximately 0.5 cm
above the target. The target was then ablated using Nd:YAG laser (MIYACHI : ML-2331B), focused by a
5 cm focal-length plano-convex lens on the surface of the graphite target.

Laser energy employed in this study was 3.0 Jpulse. Pulse repetition rate and pulse duration were
2 Hz and 5 ms, respectively. After 5,000 pulses of laser ablation, the target was removed and the black
suspension was again ablated with the laser beam for 25,000 pulses, while the suspension was kept
stirring using magnetic bar.
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Fig. 1. Schematic of graphite powder consolidation process
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Fig. 2 Schematic of the experimental setup

2.2. Characterization

After ablation, the morphological features of carbon nanoparticles were investigated by scanning
electron microscope (SEM) and Raman spectroscopy. To prepare sample for SEM and Raman
on a silicon wafer for three
times to have enough particles and dry in air for one day. Moreover, UV-visible (Jasco, V570) and
fluorescent spectrometers (Hitachi, F2500) were used for study the optical properties of the carbon

spectroscopy, the carbon nanoparticles suspended in DMF were dropped

particles suspended in DMF.

3. Results and discussion

Fig. 3(a) shows SEM image of graphite target. The Flake-liked shape with a size more than 5 um was

observed.

Fig.3 SEM images of (a) graphite powders and (b) carbon nanoparticles
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During ablation, the surface of graphite target was evaporated by the laser light. It induced plasma
plume on the surface of the graphite target. The plasma plume was expanded, condensed and generated
carbon nanoparticles. The properties of nanoparticle such as structure, morphology and size depend on
laser parameter and nature of liquid medium. Fig. 3(b) shows SEM image of synthesized carbon
nanoparticles with abroad size distribution ranging from 80-130 nm (Fig. 4).
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Fig. 4 Sizedistribution of the synthesized carbon nanoparticles

The Raman spectrum corresponding to the synthesized carbon nanoparticles is presented in Fig. 5.
The curve was fitted with Gaussian — Lorentzian functions.|t represents D peak at 1373 cm™* and G peak
at 1582 cm™. Typically, Graphite shows single peak at 1580 cm™ (G peak), which is consistent with the
carbon-carbon retchi ng mode [14]. When graphite is changed to disordered, a new peak call D peak
will occur.
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Fig. 5 Raman spectrum of synthesized carbon nanoparticles

UV-visible spectrum of carbon nanoparticles suspended in DMF is displayed in Fig. 6, which shows
the absorption peak at 274 nm. The absorption spectra of carbon nanoparticles arised from the electronics
transition between T — ©* states [15].
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Fig. 6 UV-visible spectrum of synthesized carbon nanoparticles suspended in DMF

In addition, the carbon nanoparticles suspended in DMF exhibits bright blue-green fluorescence
when irradiated with UV light of 405 nm, which corresponds with our previous report. The fluorescent
property of synthesized carbon nanoparticles was confirmed by fluorescent spectra as shown in Fig. 7.
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Fig. 7 Fluorescent spectra of carbon nanoparticles suspended in DMF and pure DMF with excitation wavelength of 400 nm

In Fig. 7, the carbon nanoparticles suspended in DMF shows dominant peak at 472 nm when excited
with wavelength of 400 nm and pure DMF shows no fluorescence when excited with same wavelength.
The results confirmed that the fluorescence caused by the carbon nanoparticles.

To further investigate their fluorescent property, fluorescence of the carbon nanoparticles was studied
using different excitation wavelengths. As shown in Fig. 8, the excitation wavelength varied from 350 to
500 nm, the emission peak shows a red — shifted, which may be attributed to the presence of carbon
nanoparticles with different sizesin DMF.
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Fig. 8 Fluorescent spectra of carbon nanoparticles suspended in DMF with excitation wavelength of 350, 400, 450 and 500 nm

4, Conclusion

In summary, carbon nanoparticles have been successfully synthesized by laser ablation of graphite
target in DMF. SEM images presented a spherical —like shape of the carbon nanoparticles with a broad
size distribution ranging from 80-130 nm. Raman measurement shows a change in the graphitic
characteristics of the synthesized carbon nanoparticles. The synthesized carbon nanoparticles can absorb
light in the UV region and emit bright blue-green color.
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