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Abstract 

Carbon particles were synthesized via laser ablation of a bulk graphite in ethanol medium using Nd:YAG laser with a 
wavelength of 1064 nm. The target was irradiated by the laser beam with a pulse energy of 3 J, a pulse repetition rate 
of 2 Hz, and a pulse duration of 5 ms. Effect of using ethanol as a liquid medium for laser ablation on physical, 
chemical, and optical properties of resulted carbon particles was reported. SEM images presented that a flake-like 
morphology of graphite in the target has been transformed into a flower-like cluster after the ablation. Raman 
measurement showed that G peak position of the graphite flakes and that of the synthesized carbon particles were 
similar, about 1582 cm-1, whereas D peak position and its shape of the synthesized particles was different from those 
of graphite flakes. UV-visible and fluorescent spectrometers were used to investigate absorption and emission 
characteristics of the particles, respectively. The carbon particles can absorb a light in the UV range and emit a 
photoluminescence of bright blue-green color.    
 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 

In the past few years, developments in nanotechnology have significantly promoted the discovery of a 
new carbon allotrope at a nanometer scale such as nanofiber, nanodiamond, and carbon nano-onion [1]. 
Carbon related-nanomaterials have attracted much attention from various branches of up-to-date research 
because of their unique optical, mechanical and electrical properties [2-3]. They also could have a 
profound impact on many applications such as catalysis support, oil adsorbent [3], drug delivery, 
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hydrogen storage, junction device, and sensor [4]. Various techniques have been employed for 
synthesizing carbon nanostructure, e.g., arc discharge in protection gases, microwave plasma, chemical 
vapor deposition and supersonic cluster beam deposition [5, 6]. However, all of these methods are 
difficult and time consuming. 
 Pulsed laser ablation of the target in liquid could offer a simple way of synthesizing carbon 
nanomaterials. When the laser beam is focused the target settled in the liquid, the target surface at the 
focal point has been heated, melted, vaporized, and ionized to generate plasma, respectively. The plasma 
plume is formed with a unique feature depending on temperature and pressure [7, 8]. Another advantage 
of using pulsed laser ablation in liquid medium is its low-cost process comparable to the vacuum 
equipment. Moreover, the easiness of gathering the resulted particles after synthesis is also represented a 
strong point of using laser ablation in liquid. The nanoparticles are suspended in the liquid medium, 
instead of fuming in the air. It has been reported that laser ablation in liquid is very useful for 
synthesizing various kinds of nanomaterials such as metal oxide [9, 10, 11], silver [12], gold [13], and 
semiconductor [14].  
 In this study, carbon particles were synthesized via laser ablation of graphite target in ethanol. Effect 
of ethanol medium on physical, chemical, and optical properties of the synthesized carbon particles was 
reported. The physical and chemical properties of the particles were characterized by scanning electron 
microscope (SEM), Raman spectroscopy, UV-visible spectrometer, and fluorescent spectrometer. The 
carbon particles exhibit a bright fluorescence that may be useful for optoelectronics and chemical sensing. 
Compared with Ray et al. [15], the synthesized process is easier and faster. Particularly, raw materials 
and liquid medium of this study are inexpensive.  

2.  Experimental 

The experimental procedure is illustrated by Fig. 1. The graphite target is located at the bottom of a 
glass vessel, filled with ethanol solvent until the solvent is 0.5 cm above the target. The target was ablated 
using Nd:YAG laser (MIYACHI : ML-2331B), focused by a 5 cm focal-length plano-convex lens on the 
surface of graphite target. Laser energies employed in this study was 3.0 J/pulse. Pulse repetition rate and 
pulse duration were 2 Hz and 5 ms, respectively. After 5,000 pulses of laser ablation, the suspension 
(without the target) was again irradiated with the laser beam for 25,000 pulses, while the suspension was 
kept stirring using magnetic bar. After the ablation, the suspension was centrifuged at 12,000 rpm for 60 
minutes to remove the large size particles. UV-visible (Jasco, V570) and fluorescent spectrometers 
(Hitachi, F2500) were used for study the optical properties of the carbon particles dispersed in ethanol. 
The morphological features of dried carbon particles were investigated by a scanning electron microscopy 
(Hitachi, S4700) and Raman spectroscopy. 

 
 
 
 
 
 
 
 
 

Fig. 1. Experimental setup for synthesizing carbon nanoparticles 
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3. Results and discussion 

  

 
 
 
 
 
 
 
 
 

                                                   (a)                                                                                       (b) 

Fig. 2. Photographs of carbon nanoparticles dispersed in ethanol (a) after ablation and (b) when excited with 405 nm laser beam 

After ablation, the suspension turns to light brown color as shown in Fig. 2(a). The suspension exhibits 
bright blue-green fluorescence when irradiated with UV light of 405 nm (Fig. 2 (b)). To prepare the 
sample for SEM, the suspension was dropped on a silicon surface for three times to have enough 
particles. Fig. 3(a) shows SEM image of raw graphite powder used as a target. The morphology was 
flake-like shape with a size of more than 5 μm. Fig. 3 (b) shows SEM image of the carbon particles. The 
synthesized carbon particles (CP) have a broad size distribution ranging from 200-500 nm (Fig.4) with 
strongly aggregation into a flower-like cluster. The aggregation of the particles may be due to multiple 
drops of the suspension on silicon surface (after the first drop dried, the next drop was added), which is in 
agreement with Ray et al. [15]. 

 

 

 

 

 

 

                                                  (a)                                                                                                    (b)                 

Fig. 3. SEM images of (a) graphite flake before synthesized and (b) carbon particles after synthesized 
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Fig. 4. Size distribution of the synthesized carbon particles 
 
The vibrational properties of the raw graphite target and the synthesized carbon particles were 

measured by Raman spectroscopy. Fig.5 shows Raman spectra of graphite powder (black line) and the 
synthesized carbon particles (red dot line). Raman spectrum of graphite powder exhibits two dominant 
peaks at around 1362 cm-1and around 1582 cm-1, corresponding to the disorder band (D band) and 
graphitic band (G band) [16]. Similarly, Raman spectrum of the synthesized particles shows two 
prominent peaks at around 1350 cm-1 and 1582 cm-1. D peak position and its shape of the synthesized 
particles were slightly different from those of graphite flakes, which may be results from a change in the 
graphite morphology.  

 
ramaniseec.tif

 

Fig. 5. The Raman spectra of graphite and synthesized carbon particles 

Fig. 6 shows the UV-visible spectrum of synthesized carbon particles dispersed in ethanol. The 
absorption spectrum was due to the electronic transitions [17]. The synthesized carbon particles represent 
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the absorption peak at about 325 nm as shown in Fig.6. This absorption may be contributed from              
the  * electronic transition of C=C. The position is slightly different from the  * transition 
normally found in the carbon which is in a range of 180 - 280 nm [17]. The shift to longer wavelength 
may be resulted from the ethanol molecules absorbed on the surface of carbon particles which may 
generate the  –  interaction between the imidazolium rings of the ionic solvent and carbon particles 
[18].   

 
 

Fig. 6. The absorption spectra of carbon particles in ethanol 
 
The photoluminescent spectra of the synthesized carbon particles in ethanol were studied using 

different excitation wavelengths, including 350, 400, and 450 nm. The emission peaks shift to longer 
wavelength when increasing the excitation wavelength. The maximum intensity of fluorescent emission 
was obtained from the excitation wavelength of 350 nm as shown in Fig.7. Using this excitation 
wavelength yields the emission peak with the full width half max (FWHM) at about 400 - 500 nm, which 
is correlated with the bright blue-green fluorescence as shown in Fig. 2 (b).  

 

 
 

Fig. 7.  Photoluminescent spectra of carbon particles dispersed in ethanol. Three different excitation wavelengths were presents 
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4. Conclusion 

  In summary, carbon particles with fluorescent property have been successfully synthesized by laser 
ablation of graphite target in ethanol. SEM images presented a flower-like morphology of the particles 
with a broad size distribution ranging from 200-500 nm. Raman measurement shows that G peak position 
of the synthesized particles was similar to those of the raw graphite. D peak position and its shape were 
slightly different from those of the raw graphite, which may be resulted from a change in the graphitic 
characteristics of the synthesized carbon particles. The synthesized carbon particles can absorb light in the 
UV region and emit bright blue-green color, which may be very useful for several applications, such as 
optoelectronics, chemical sensors, medical imaging.      
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