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ABSTRACT 

The nonlinear properties of platinum nanoparticles (ptNPs) in the aqueous solution of sodium dodecyl sulfate (SDS) 

are investigated under irradiation of a continuous wave (CW) laser and nanosecond pulse laser at the wavelength of 

532 nm. These properties are studied using Z-scan technique. In this technique transmittance of the laser beam by the 

sample is measured. The closed Z-scan measurements reveal thermal contribution for the nonlinear refractive index 

of the platinum nanoparticles in the CW regime and the saturable absorption is observed using the open aperture Z-

scan method in the pulsed regime. It will be shown that the thermal thin lens model is in excellent agreement with the 

experimental results of the sample. A fit has allowed extracting the value of nonlinear refractive index to be -1.08×10-

8 cm2/W. The saturable absorption is analyzed using a phenomenological model based on nonlinear absorption and 

saturation intensity. 

1. INTRODUCTION 

Nanostructured materials have unique physical and chemical properties because of their small size [1]. These 

properties differ largely from those of the corresponding single molecules and bulk materials [2]. The increasing 

availability of nanostructures with highly controlled nonlinear properties has created widespread intrest in different 

fields such as photonics devices [3-5], chemical and biomolecular sensing [6-10]. Temperature change within and 

around metal nanoparticles may lead to high third order nonlinear refractive index of the medium [11]. It has been 

demonstrated that metallic nanoparticles improve thermal nonlinear optical properties of colloids [12-14]. As a result, 

these materials can be a good candidate for many nonlinear optical devices such as optical limiting and optical 

switching [15, 16]. In this context, gold and silver nanoparticles have received special attention [17-26] because they 

both show a broad absorption band in the visible region of the electromagnetic spectrum. The broad absorption band 

is due to the electromagnetic field-induced collective oscillation of the free conduction electrons occupying states near 

the Fermi level in the conduction band, which is referred to as surface Plasmon resonance (SPR) absorption [19]. 

Philip et al. [19] investigated the nonlinear optical properties in gold, silver nanoparticles at 532 nm. They observed 

the changing from saturable absorption to reverse saturable absorption in gold nanoparticles using Z-scan technique. 

Science the wavelength of SPR in the gold nanoparticles is about 520 nm, and near the wavelength of 532 nm used in 

their experiments, they interpreted the change of saturable absorption to reverse saturable absorption based on SPR.  

In this work, it is reported on the experimental investigation of the optical nonlinear response of the ptNPs dispersed 

in a sodium dodecyl sulfate (SDS) aqueous solution. The nanoparticles were synthesized by nanosecond pulsed laser 

ablation of a platinum metal target in aqueous solution of SDS. Sample containing ptNPs was characterized by 

nonlinear absorption spectroscopy. Using the Z-scan technique, the behavior of the thermal nonlinear refractive index 

and the nonlinear absorption is studied in continuous regime and pulsed regime, respectively. Observation of an 

asymmetrical configuration of the Z-scan data in continuous regime shows that nonlinear refraction occurring in the 

ptNPs is related to the thermo-optic process [27]. The results are analyzed based on nonlocal thermo-optic models 

[28, 29]. Compared to the other models, the thin thermal lens is in good agreement with the experimental results of 

the closed aperture Z-scan measurements of the sample. A fit has allowed extracting the values of nonlinear refractive 

index of the ptNP suspension. In the pulsed regime, even though SPR of platinum at 267 nm lies away from excitation 

wavelength of 532 nm, we observed saturable absorption which is linked to SPR in gold nanoparticles.  

2. EXPERIMENTAL DETAILS 

Platinum nanoparticles were produced by laser ablation of a platinum metal target in aqueous solution of SDS. The 

metal plate was placed on the bottom of a glass vessel filled with 7 mL of a 0.01 M aqueous solution of SDS. The 
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metal plate was irradiated with a focused output of the fundamental (1064nm) of Nd: YAG laser operating at 1 Hz 

with a lens having the focal length of 50 cm. The spatial profile of the laser pulse was Gaussian, with 50 𝜇𝑚 (FM 

1/e2M) beam waist at the target. The platinum sample was irradiated with the laser fluence level of about 10 J/cm2 for 

about two hour. The volume fraction of the ptNPs was 0.04×103. The prepared ptNP suspension was studied using an 

UV-Vis optical absorption spectrophotometer. A continuous wave low power (100 mW) diode-pumped Nd: YVO4 

laser operating at wavelength of 532 nm is also used to measure the linear absorption coefficient of the ptNP 

suspension.  

The investigation of nonlinear optical characteristics of the ptNP suspension was carried out by transmittance and the 

Z-scan measurements using a continuous wave low power (100 mW) diode-pumped Nd: YVO4 laser operating at 

wavelength of 532 nm and a frequency-doubled and Q-switched continuum ns Nd: YAG laser, operating at the 

repetition rate of 1 Hz and producing 8 ns laser pulses at 532nm wavelength. An attenuator and a beam splitter were 

used to control the power of the laser beam. The beam was focused onto sample (5 mm cell) by using a lens with 50 

cm focal length. The spot size in the focal region was 50 𝜇𝑚 (HW 1/e2M). A diaphragm located before the output 

power detector, was used with variable aperture to dissociate the nonlinear absorption from the nonlinear refractive 

effect. This experimental geometry was also used to perform Z-scan measurements, shown in [30]. The nanoparticle-

containing cell was moved using at translation system along the propagation direction (z-axis) through the focusing 

area. At the focal point, the sample experiences maximum laser power, which will gradually decrease in either 

direction from the focus. 

3. RESULTS AND DISCUSSION 

Figure 1 shows UV-Vis absorption spectrum of solution prepared by laser ablation of a pt target immersed in the 

sodium dodecyl sulfate (SDS) aqueous solution. Absorption spectrum was recorded at successive days after 

production. One can see that the ptNPs scattered in aqueous solution of SDS are highly stable and show a surface 

plasmon absorption band about 267 nm in the UV-Vis region of the spectrum. 

 

 

 
 

 

Fig1. Absorption spectra of pt solution. 

The closed aperture Z-scan technique allowed us to determine the value of the nonlinear refractive index of the ptNPs 

suspension. The experimental data were recorded by gradually moving the sample along the axis of propagation (z-

axis) of a focused Gaussian beam through its focal plane and measuring the transmission of the sample for each z-
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position using a continuous wave low power (100 mW) Nd: YVO4 laser operating at wavelength of 532 nm. As the 

sample experiences different intensities at different positions, the recording of transmission as a function of z 

coordinate provides accurate information about the presence nonlinear refraction effect. Figure 2 shows the 

normalized transmittance of Z-scan as a function of distance from the focus of the Gaussian beam at applied incident 

laser power of about 60 mW. The Z-scan results of the ptNPs suspension exhibit an asymmetric peak followed by 

valley, typical of negative nonlinearity for refractive index. The observed asymmetric nature of the Z-scan 

measurements along with the fact that laser light is CW suggests that the origin of nonlinear refractive index is thermo-

optic [31]. The aqueous solution of SDS does not show any closed Z-scan signal for the applied laser power up to 

about 100 mW. We have also experimentally investigated nonlinear absorption of the ptNPs suspension using the 

open Z-scan measurements by this low power laser at 532 nm. The measurements do not show any nonlinear 

absorption.  

 

 
Fig2. Experimental results of the normalized closed aperture Z-scan of pt solution. 

 

Solid line in Figure 2 shows the theoretical fitting using the thermal thin lens model. This model is described in 

[33]. A fit has allowed extracting the value of nonlinear refractive index to be -1.08×10-8 cm2/W. 

The open aperture Z-scan technique was used to determine the value of the nonlinear absorption of the ptNPs 

suspension. The experiments were conducted using a frequency-doubled and Q-switched continuum ns Nd: YAG 

laser, operating at the repetition rate of 1 Hz and producing 8 ns laser pulses at 532nm wavelength. By gradually 

moving the sample along the axis of propagation (z-axis) of a focused Gaussian beam, at each z position, the sample 

experiences different laser intensity, and the position-dependent transmission is measured. Figure 3 shows the results 

obtained at intensity of 1.1×1011 W/m2 at the beam waist. When the sample is far from the beam waist, the laser 

radiation intensity is low and the normalized transmission is close one; when the sample moves close to the beam 

waist, the transmission increases. This indicates saturable absorption alone.  We interpreted the saturable 

absorption around the beam waist using saturable absorption coefficient as:  

𝛼(𝐼) = 𝛼0
1

1+𝐼
𝐼𝑠

⁄
            (1) 

where 𝛼0 is the linear absorption coefficient which is 143 m-1 at 532 nm. 𝐼 and 𝐼𝑠 are laser radiation intensity and 

saturation intensity, respectively.  

As for open aperture Z-scan, the normalized transmittance may be expressed as [32]:  

𝑇(𝑧) = ∑
[
−𝛼𝐼0𝐿𝑒𝑓𝑓

1+𝑧2 𝑧0
2⁄

]

𝑚

(𝑚+1)
∞
𝑚=0               (2) 
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where 𝐿𝑒𝑓𝑓 = (1 − 𝑒−𝛼0𝐿) 𝛼0⁄ , z is the longitudinal displacement of the sample from focus (z = 0), 𝛼 is the nonlinear 

absorption coefficient, 𝐼0 is the on-axis peak intensity at the focus, 𝐿𝑒𝑓𝑓  is the effective interaction length, L is the 

sample length, 𝑧0 is the Rayleigh diffraction length. 

   Theoretical fit of the experimental data could be conducted by the substitution of Eq. (1) into Eq. (2).  The best fit 

is obtained using 𝐼𝑠 = 1.1 × 1010𝑊/𝑚2 and 𝛼 = 3.2 × 10−10 m-1. Solid line in Fig. 3 shows the theoretical fitting. 

 

 

 
 

Fig3. Experimental results of the normalized open aperture Z-scan of pt solution. 

 

 

As seen in Figure 3, the theoretical simulation is in good agreement with the experimental results. 

     For ptNPs in our experiments, SPR occurs at about 267 nm, far from the excitation wavelength of 532 nm used, 

which implies that the SPR is not an issue in our study. In this case, more work is required to identify the exact 

phenomena causing such behavior in these materials. 

      

4. CONCLUSIONS 

In summary, the optical nonlinear properties of the platinum nanoparticles dispersed in aqueous solution of SDS were 

investigated using the Z-scan technique. The platinum nanoparticles were fabricated by laser ablation of the platinum 

plate in the aqueous solution of SDS. UV-vis spectra demonstrated that the platinum nanoparticles suspension stable 

for more than two weeks. The closed Z-scan measurements exhibits an asymmetric behavior due to nonlocal thermal 

nonlinear refraction under the low power (CW) laser while the open Z-scan measurements shows saturable absorption 

using Q-switched continuum ns Nd: YAG laser, producing 8 ns laser pulses at 532nm wavelength. 
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