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Laser Wavelength Effect on Size and Morphology of Silicon 

Nanoparticles Prepared by Laser Ablation in Liquid 

Pattarin CHEWCHINDA*, Takeharu TSUGE, Hiroshi FUNAKUBO, 

Osamu ODAWARA, Hiroyuki WADA 

Department of Innovative and Engineered Materials, Interdisciplinary 

Graduate School of Science and Engineering, Tokyo Institute of 

Technology, Yokohama, 226-8503, Japan 

The effect of laser wavelength on size and morphology of silicon 

nanoparticles are studied. To prepare nanoparticles, laser ablation in liquid 

technique is employed. Absorption spectra demonstrate that with laser 

wavelength of 532nm, solution with higher concentration can be prepared in 

comparison with one obtained from laser wavelength of 1064nm. TEM 

images reveal nanoparticles with spherical shape from samples produced by 

both laser wavelengths. However, smaller particles size are obtained from 

sample prepared by laser wavelength of 532nm. Raman spectra and 

photoluminescence (PL) spectra further support the existence of smaller 

crystal size in this sample. 
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1. Introduction 

Due to its abundance, cheapness, and non-toxicity, silicon nanoparticles are 

considered as promising material in diverse field of applications.1-5) It is 

reported that silicon quantum dot offers higher multiple exciton generation 

(MEG) quantum yield at lower photon energy than that of bulk silicon. 

Besides, MEG occurs at very high rates with higher efficiencies compared 

to that of impact ionization in bulk semiconductor.6-7) These observations 

confirm that MEG in silicon quantum dot has the potential to improve 

conversion efficiency of photovoltaic cell, which is further approved by 

Kawashima et al.2) They found that current density is higher in solar cell with 

silicon nanoparticles than the cell without them. Another interesting work by 

Uchida et al. reveals that an integration of silicon nanoparticles with 

ruthenium dye results in an improvement of power conversion efficiency by 

3.0% compared with solar cell without those nanoparticles.8) They believe 

that silicon nanoparticles increase effective surface area for Ru-dye 

attachment and also enhance light absorption in UV region, which finally 

affect the device performance. 

 Apart from photovoltaic application, silicon nanoparticles are also an 
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outstanding material for biological field owing to their non-toxicity and 

suitable surface for chemical functionalization.9) PEG phospholipids 

micelle-encapsulated silicon quantum dots are found to be relatively stable 

in various biologically relevant conditions. Moreover, the uptake of these 

probes shows no observable toxicity.10) Warner et al. reported a simple room-

temperature synthesis of water-soluble silicon quantum dots. These 

nanoparticles are incorporated into HeLa cells to demonstrate its potential in 

bioimaging application and the result emphasizes the possibility of using 

these dots in biological fluorescence imaging.11) Besides bioimaging 

application, silicon nanoparticles are also functionalized in drug delivery 

system and reveal several remarkable features including high payload, 

biodegradability, and multiple loading without the need of additional 

chemical reagents.4) Based on these reports, it is obviously demonstrated that 

highly luminescent and stable silicon quantum dots are excellent candidates 

for fluorescent biological probes in either long-term or real-time cellular 

labeling. 

 In order to modify silicon nanoparticles to meet the requirement of 

each potential application, the development of their preparation process is a 
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major concern. Up until now, synthesis of silicon nanoparticles can be 

realized by several techniques including electrochemical etching;4,12-13) by 

microemulsion route;1) by aerosol synthesis;14) by plasma enhanced chemical 

vapour deposition;15) by pulse laser deposition;16-18) or by laser pyrolysis of 

silane;10,19-22). However, these methods either require complicated 

experimental setup or result in nanoparticles with impurity involved. 

 To overcome these limitations, laser ablation in liquid has been 

introduced. With this technique, nanoparticles can be prepared within a 

single-step process, which is very simple.23-27) Besides, nanoparticles are 

synthesized in clean environment resulting in outstanding purity of 

products.24,26-30) In addition, the entire products can be collected within the 

solution, which simplifies handling.25,27) According to these reasons, laser 

ablation in liquid is one of the promising technique in the preparation of 

nanoparticles, especially silicon. 

 There exists several publications regarding silicon nanoparticles 

prepared by laser ablation in liquid. Nonetheless, difference in experimental 

conditions including laser fluence, irradiation time, liquid media, or even 

solvent layer thickness leads to variation in size and morphology of the 
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obtained nanoparticles, which affect their properties.3,5,23,28,30-38) In this work, 

silicon nanoparticles are prepared by employing laser ablation in liquid and 

the effects of laser wavelength on size and morphology of prepared 

nanoparticles are studied. 

 

2. Experiment 

P-type <100> silicon wafer (resistivity of 11.5-15.5 Ω·cm and thickness of 

600μm) is used as a target material, which is cleaned by ultrasonic treatment 

in ethanol for 20 minutes. This target is then immersed in 2mL of 99.5% 

ethanol and irradiated for 30 minutes by Q-switch Nd:YAG laser with the 

first and the second harmonic generation, which corresponds to wavelength 

of 1064nm and 532nm respectively. Pulse width of both lasers is 

approximately 10ns with repetition rate of 10Hz. Energy density of both laser 

can be controlled by the suitable ND filter and is adjusted to be 1.2J/cm2 for 

both cases. Schematic diagram of experimental setup is shown in Fig. 1.  

After irradiation, the obtained colloidal solution is dropped onto Cu 

grid and dried in order to prepare for TEM observation by FE-TEM 2010F 

microscope. This solution is then transferred into quartz cuvette and 
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absorption spectra is measured by SIMADZU: MultiSpec1500 spectrometer. 

Photoluminescence (PL) property is also observed by Hitachi High-

Technologies F-7000 fluorescence spectrophotometer with excitation 

wavelengths of 350nm. Finally, colloidal solution is dropped onto Al pan and 

dried in order to analyze the composition of nanoparticles by Raman 

spectroscopy with 514.5nm line of Ar+ laser at room temperature. 

 

3. Results 

From absorption spectra, as shown in Fig. 2, it is obviously seen that higher 

absorbance is obtained from the sample prepared by laser wavelength of 

532nm compared to one prepared by 1064nm. Following Beer Lambert law 

     A = εcl,          (1) 

where A is absorbance, ε is molar extinction coefficient, c is concentration, 

and l is path length.39) Since absorbance is directly proportional to 

concentration, where ε and l are fixed as constant, higher concentration is 

obtained from solution prepared by laser wavelength of 532nm. 

 Apart from the difference in concentration, absorption spectra also 

review absorption edge approximately at 400nm and 420nm from the sample 
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prepared by laser wavelength of 532nm and 1064nm, respectively. These 

correspond to energy gaps of 3.1eV and 2.95eV. Due to quantum 

confinement effect, the bandgap increases as the particle size decreases.18) 

As a consequence, smaller particle size is expected from the sample prepared 

by laser wavelength of 532nm. 

Nanoparticles prepared by both lasers reveal spherical shape as 

shown in Fig. 3. In addition, crystallinity is also observed in both cases. 

Although some agglomeration presents, most of nanoparticles well disperse. 

From TEM images, the size distribution of nanoparticles prepared by both 

lasers are constructed by measuring the diameter of 100 nanoparticles. The 

results, as shown in Fig. 4, indicate that smaller particle size and also 

narrower distribution are obtained from sample prepared by 532nm, which 

agrees well with the assumption previously made from absorption spectra 

result. The average size and standard deviation are summarized in Table I. 

From Raman spectra shown in Fig. 5, silicon peak is detected at 

518.732cm-1 from the sample prepared by laser wavelength of 1064nm. 

However, the peak reveals at 515.552cm-1 from one prepared by laser 

wavelength of 532nm. After deconvolution of these peaks, their positions 
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shift to 519.076cm-1 and 516.643cm-1 respectively. These peak positions are 

used further to calculate crystal size based on the equation 

   ∆ω = −52.3 �0.543
D
�
1.586

,             (2) 

where Δω is Raman peak position shift (cm-1) and D is crystal size (nm).30,33-

34,37,40) Note that Raman peak of bulk silicon locates at 520cm-1. Following 

this estimation, crystal sizes prepared by both lasers are derived in Table II. 

Besides crystalline peak, silicon oxide also presents at 497.078cm-1.33, 41) 

Fig. 6 shows photoluminescence (PL) spectra of both samples. There 

exists peak at 413nm for nanoparticles prepared by laser wavelength of 

532nm. On the contrary, in the case of those prepared by laser wavelength of 

1064nm, peaks are detected at 423nm and 460nm. This red shift indicates 

that larger particle size is obtained in the latter case.19,42-43) 

It is reported that nanoparticles size should be smaller than 2nm in 

order to achieve blue emission.11) In this work, however, not all particles are 

within this range. One possible explanation for this is oxide-related defects 

which might be formed in the surface of silicon nanoparticles, which is 

supported by raman spectra result. Under this circumstance, there is a 

possibility that electron-hole pairs recombine at this defect state, which 
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finally leads to blue emission. 

 

4. Discussion 

Absorption spectra suggest that higher concentration is obtained from the 

sample prepared by laser wavelength of 532nm compared to one prepared 

by laser wavelength of 1064nm. One possible explanation for this different 

concentration is the difference in optical absorption heat of silicon target at 

each wavelength. As stated in the following equation 

       HA = α0φphhν = α0
Iopt
hν

hν = α0Iopt,           (3) 

where HA is optical absorption heat, α0 is absorption coefficient, φph is photon 

flux density, h is Planck’s constant, ν is frequency, and Iopt is optical wave 

intensity or power density.44) Since power density of both laser is fixed, the 

optical absorption heat depends only on absorption coefficient of material. 

In addition, for silicon, absorption coefficient is higher at wavelength of 

532nm than at that of 1064nm.45) As a consequence, higher optical 

absorption heat is obtained in the former case. In other words, more energy 

is available for particles generation. 

When laser irradiates on silicon target, its energy will be absorbed on 
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the surface leading to surface melting, vaporization, and ionization.46) Within 

the pulse duration, high-temperature, high-intensity, and high-pressure 

plasma plume of silicon atoms ignites over laser spot of the target.24,37,47) 

Once generated, this plume expands adiabatically at a super sonic velocity 

due to absorbing later laser pulse, and shock wave is created.24,26) After the 

pulse terminated, the plume expands resulting in rapid cooling and the 

formation of silicon nuclei.24,37) These nuclei continue to grow until nearby 

silicon clusters are completely consumed, and eventually suppress the 

growth process.5,23) 

Based on nucleation and growth theory, 

    ∆Gv = −kT
Ω

ln � C
C0
�,                  (4) 

where ΔGv is the change of Gibbs free energy per unit volume of solid phase, 

k is Boltzmann constant, T is temperature, Ω is atomic volume, C is solute 

concentration, and C0 is solubility.48) Also, 

r∗ = − 2γ
∆Gv

,             (5) 

where r* is minimum size of stable spherical nucleus and γ is surface energy 

per unit area.48) Substitute eq. (4) into eq. (5) leads to  

   r∗ = 2γΩ
kT

ln �C0
C
�.                    (6) 
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From this expression, it is obviously seen that higher concentration results in 

smaller critical size of nuclei. Besides, as the concentration increases, more 

nuclei can be formed.48) This means more nuclei can share an additionally 

supplied of silicon atoms, which finally leads to smaller particle size in the 

sample prepared by laser wavelength of 532nm.37) In addition, since silicon 

has higher absorption at wavelength of 532nm, there is a possibility that 

fragmentation might occur. This could be another reason for smaller particles 

size obtained at this wavelength. 

 

5. Conclusion 

Silicon nanoparticles are successfully prepared by laser ablation in ethanol 

using Nd:YAG laser with different wavelength of 1064nm and 532nm. 

Distinctive absorption of silicon target at specific wavelength leads to 

different concentration, which finally influnces on particle size. However, no 

significant difference in morphology is observed. 
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Figure Captions 

Fig. 1 Experimental setup 

Fig. 2 Absorption spectra of sample prepare by laser wavelength of 1064nm 

(solid line) and 532nm (dash line) 

Fig. 3 TEM images of nanoparticles prepared by laser wavelength of (a) 

1064nm (b) 532nm. Crystallinity of individual nanoparticles (c) 

Fig. 4 Size distribution of nanoparticles prepared by laser wavelength of (a) 

1064nm and (b) 532nm 

Fig. 5 Raman spectra of sample prepared by laser wavelength of 1064nm 

(solid line) and 532nm (dash line) 

Fig. 6 PL spectra of sample prepared by laser wavelength of 1064nm (solid 

line) and 532nm (dash line) 
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Tables 

 

Table I Average size and standard deviation of nanoparticles prepared by 

both lasers 

Laser Average Size (nm) Standard Deviation (nm) 
1064nm 6.98 4.36 
532nm 3.01 1.21 
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Table II Crystal size of nanoparticles prepared by both lasers 

Laser Crystal Size (nm) 
1064nm 6.92 
532nm 3.07 
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Figures 

 

 
Fig. 1 Experimental setup 
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Fig. 2 Absorption spectra of sample prepare by laser wavelength of 

1064nm (solid line) and 532nm (dash line) 
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Fig. 3 TEM images of nanoparticles prepared by laser wavelength of (a) 

1064nm (b) 532nm. Crystallinity of individual nanoparticles (c) 
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Fig. 4 Size distribution of nanoparticles prepared by laser wavelength of (a) 

1064nm and (b) 532nm 
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Fig. 5 Raman spectra of sample prepared by laser wavelength of 1064nm 

(solid line) and 532nm (dash line) 
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Fig. 6 PL spectra of sample prepared by laser wavelength of 1064nm (solid 

line) and 532nm (dash line) 

 


