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Nanosecond pulsed laser ablation (PLA) of copper and gold plate with an excitation 

wavelength of 532 nm was carried out in supercritical CO2. Surface morphology of the plates 

after irradiation and the crater depth after PLA were observed by laser scanning microscopy, 

while extinction spectra of nanoparticles collected in the glass slide was measured by UV-Vis 

spectrophotometer. Copper and gold plates were ablated at various supercritical CO2 densities 

and irradiation times at constant temperature of 40
o
C. Both surface morphology of irradiated 

plate and crater depth formation were significantly affected by the changes in supercritical 

CO2 density, the surrounding environment and irradiation time. As expected the increasing 

supercritical CO2 density resulted deeper ablation crater, however the deepest crater for gold 

plate was obtained at density of 0.63 g/cm
3
 or pressure of 10 MPa. Gold nanoparticles 

generated by PLA in SCCO2 have been confirmed at the spectra band near 530. 

 

INTRODUCTION 

Having a zero surface tension, the supercritical fluid allows complete penetration into 

metal cavity. Furthermore, the lower viscosity of supercritical fluid in comparison with the 

liquids can reduce the solvent-cage effects and therefore increase the initiator efficiency. 

Since the solvent power of supercritical fluid is directly related to its density, a large variation 

in solubility can be achieved by simply changing the pressure and temperature of the system. 

Moreover, by simple pressure reduction, phase change is observed, and the supercritical fluid 

is transformed to a gas and exits the system without leaving any residues. Supercritical CO2 

(SCCO2) has been widely applied in a variety of processes including extraction, separation, 

and material processing. Recently, it has been found that supercritical fluids such as SCCO2 

and supercritical water produce interesting reaction fields for nanotechnology [1, 2] and 

plasma technology [3]. 

Pulsed laser ablation (PLA) has been widely employed in industrial and biological 

applications and in other fields. The environmental conditions in which PLA is conducted are 

important parameters that affect both the solid particle cloud (plume) and the deposition 

(debris) produced by the plume. In most studies, particles are generated either in a vacuum or 

in ambient conditions. Some studies, however, use a different ambient medium such as a gas, 

a surfactant solution [4, 5], organic solvent [6], liquid N2 [7], and SCCO2 [8-10]. Saitow et al. 

have reported that silicon nanoclusters and gold nanonecklaces could be generated by 

performing PLA in SCCO2 [8, 9]. However, they did not discuss the synthesis behavior in 

much detail. Moreover, only those two investigations of PLA in SCCO2 have been reported. 

In this work, PLA of copper and gold substrate in SCCO2 was conducted to generate 



synthesized metal nanoparticles. The effect of ablation environment, CO2 density and 

irradiation time on the irradiated plate was investigated. The surface morphology of irradiated 

plate and generated nanoparticles were observed. 

 

EXPERIMENTAL METHODS 

 

 
Figure 1 Experimental apparatus of pulse laser ablation (PLA) with a high pressure cell 

PLA was carried out in a high-pressure cell with three sapphire windows. Figure 1 

shows the schematic diagram of the experimental apparatus. The second harmonic of a 

Q-switched pulsed Nd:YAG laser (Spectra-Physics Quanta-Ray INDI-40-10, wavelength: 532 

nm, pulse energy: maximum 200 mJ/(cm
2
.pulse), pulse duration: 8 ns, repetition frequency: 

10 Hz) was used. Target was fixed in a high-pressure cell (AKICO). Incident angle of the 

laser beam was 30
o
 and the laser was located 1 m from the target. A gold plate (Nilaco, purity: 

99.99%, thickness: 0.03 mm) was used as the target. Liquid CO2 was pressurized and pumped 

into the cell using a high pressure pump. A glass slide was placed in parallel with the target to 

collect metal nanoparticles. The cell temperature was controlled by a temperature controller. 

The cell temperature was maintained at 40
o
C, as measured by a thermocouple. The pressure 

of the system was varied from 0.1 to 25 MPa. After the temperature and pressure were stable, 

PLA was carried out for 3000 and 5000 s. The laser beam was collimated by a 

1-mm-diameter of aperture without any focusing lens. PLA was also conducted in air at 

ambient condition. The surface morphology of the target after irradiation and the crater depth 

after PLA were observed by laser scanning microscopy. Absorption spectrum of metal 

nanoparticles collected in the glass slide was also evaluated by UV-Vis spectrophotometer. 

 

RESULTS AND DISCUSSION 

  

Figure 2 SEM images of Cu plate after ablation by Nd:YAG laser (a) in SCCO2 (25 MPa, 

180 sec, fluence before a high-pressure cell; 224 mJ/cm
2
/pulse), and (b) in air (0.1 MPa, 180 

sec, fluence before a high-pressure cell; 228 mJ/cm
2
/pulse) 



Figure 2 shows SEM micrographs of the Cu plate after PLA in SCCO2. An elliptical 

crater is clearly observed in the center of the irradiated region after PLA in SCCO2, and slight 

rough surface is appeared around the crater. In contrast, there were only slight indications of 

ablation on the surface of Cu plate after PLA in air and in hexane. 

Figure 3 shows laser micrographs after PLA of Cu plates in SCCO2 and in air; the 

ablation depth can be seen in these micrographs. A crater is clearly observed on the Cu plate 

after ablation in SCCO2.  

 

  

Figure 3 Laser microscopy images of Cu plate ablated by Nd:YAG laser (a) in SCCO2 (25 

MPa 180 sec, fluence before a high-pressure cell l; 224 mJ/cm
2
/pulse), (b) in air (180 sec, 

fluence before a high-pressure cell; 228 mJ/cm
2
/pulse) 

 

Figure 4 shows the dependence of ablation depth on irradiation time after PLA in 

SCCO2 and in air. The ablation depth in SCCO2 increased with an increase in irradiation time 

for pressures of 10 and 25 MPa. The maximum ablation depth was achieved in SCCO2 at a 

pressure of 25 MPa. For ablation in SCCO2, the ablation efficiency at 25 MPa is twice higher 

than that at 10 MPa. An ablation crater with a depth of 6.9 μm was observed at temperature of 

40ºC, pressure of 25 MPa, and irradiation time of 500 s. In contrast, the correct depth of 

craters after PLA in air was too slight to estimate the irradiation time dependence of ablation 

depth by the laser microscope observation. It is known that a copper target may have thin 

oxide layer on the surface [11]. In this study, all targets may generate several nanometers of 

thin oxide layer for polishing with alumina compounds as the pretreatment. However, it can 

be seen that the presence of nanometer-sized oxide layer has no influence on the 

micrometer-sized depth of the crater ablated by thousands times of laser irradiation.  
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Figure 4 Dependence of irradiation time for 

ablation of Cu plate in SCCO2 and air. 

Figure 5 The pressure dependence of the 

ablation depth of Cu plate with 500 seconds 

of irradiation time. 



The effect of pressure on ablation depth in SCCO2 condition at irradiation time of 500 s 

is shows in Figure 5. As expected, the increasing pressure caused the increasing ablation 

depth due to the change of SCCO2 properties.  

Surface morphology of gold plate after ablation at 40
o
C and various pressures for 3000 s 

is shown in Figure 6. A circle crater was clearly observed in the irradiated gold plate at all 

conditions. The crater was more clearly generated as increasing pressure. In addition, the 

surface around irradiation region was slightly rough due to the solid particle cloud (plume) 

deposited. However, the hole was only generated at 10 MPa of PLA in SCCO2. The 

increasing pressure of CO2 caused increasing density of CO2, on the other hand constant 

volume heat capacity of CO2 decreases from 10 to 20 MPa. It caused stronger PLA in SCCO2 

at 10 MPa, and as the result PLA could generate the hole in the gold plate.  

 

(a)  (b)  

(c)  (d)  

Figure 6 Laser scanning microscopy image of Au plate after ablation at 40
o
C for 3000s by 

Nd:YAG laser. (a) in air at ambient pressure; (b) in liquid CO2 at 6.5 MPa; (c) in SCCO2 at 

10 MPa; (d) in SCCO2 at 20 MPa 

 

(a)  (b)  

Figure 7 Laser scanning microscopy image of Au plate after ablation in SCCO2 at 40
o
C and 

20 MPa by Nd:YAG laser. (a) 3000 s; (b) 5000 s   



 

Surface morphology of ablated gold plate at various irradiation times is shown in Figure 

7. The ablation was studied at 40
o
C and 20 MPa. As increasing irradiation time, plume 

deposited in the surrounding crater was clearly observed. It can be explained that plume 

generated by PLA becomes larger with increasing irradiation time.  

To determine the depth of crater generated by PLA in SCCO2, 3D laser scanning 

microscopy image was analyzed, as shown in Figure 8. Figure 9 shows the crater depth 

generated by PLA at various pressures. As expected, the increasing pressure causes increasing 

the crater depth due to CO2 properties change in the system. However, the deepest crater was 

observed at 10 MPa due to higher constant volume heat capacity of CO2 at the condition. The 

crater depth at 10 MPa was thicker than initial gold plate thickness because the plume 

deposited around the hole was generated.  
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Figure 9 Depth of crater generated by PLA 

at various pressures 

Figure 10 Extinction spectra of gold 

nanoparticles deposited in glass slide at 40
o
C 

and 20 MPa for 3000 s 

 

Extinction spectra of gold nanoparticles deposited in glass slide was also measured for 

confirmation of generated gold nanoparticles. Figure 10 shows the spectra of generated gold 

(a)  (b)  

Figure 8 3D laser scanning microscopy image of Au plate after ablation in SCCO2 at 40
o
C. 

(a) 10 MPa; (b) 20 MPa 



nanoparticles in glass slide, measured after CO2 depressurizing. The spectra contain bands 

near 530 and 650. The peak near 530 nm has been known to correspond to the plasmon band 

of gold nanospheres with diameters <50 nm [9]. As reported by Saitow et al. [9], the plasmon 

band near 530 nm, which is due to nanospheres smaller than 50 nm in diameter, is 

independent on density, whereas the bands near 650 nm varies with density. 

 

CONCLUSION 
Laser ablation of copper and gold plates has been conducted in SCCO2 at various 

densities and irradiation times. The surface morphology of the metal plate after irradiation and 

the crater depth after PLA were observed by laser scanning microscopy.  For gold plate 

ablation, extinction spectra of gold nanoparticles collected in the glass slide was measured by 

UV-Vis spectrophotometer. Surface morphology of metal plate after ablation was dependent 

on CO2 density and pressure. The depth of crater generated by PLA increased as increasing 

density and pressure. However, the deepest crater for gold plate was obtained at 10 MPa of 

ablation. Gold nanoparticles generated by PLA in SCCO2 have been confirmed at the spectra 

band near 530. 
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