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ABSTRACT 

In this work, nonlinear refraction properties of gold (Au) and platinum (Pt) nanoparticles dispersed in the water are 

reported. The thermally induced effective nonlinear refractive index due to nonlocal heat effect is characterized by Z-

scan technique with a low power continuous wave (CW) laser at 1064 nm. This allows us to measure thermo-optic 

coefficient and effective nonlinear refractive index in the tested samples. Low power optical limiting, with low limiting 

thresholds is obtained in the samples based on thermal defocusing.  
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1. INTRODUCTION 

 In the recent years, the interest in synthesis of metal and semiconductor nanoparticles has grown due to the wide range 

of applications in fields of photonics [1- 3], medicine [4], electronics [5], resistive switching [6]. Laser ablation in 

liquids has received much attention as an effective and simple technique for producing nanoparticles. It has been shown 

that the presence of metal nanoparticles in liquids dramatically enhances thermal nonlinear refraction and the thermo-

optical coefficient of the colloids. In the context of the large thermo-optical coefficients of the liquids containing the 

metal nanoparticles, it is very important to investigate the potential usefulness of these colloids in photonics device 

fabrication such as optical limiters for low power laser regime. The optical limiting resulting from thermal nonlinear 

properties of materials has been reported in nanoparticles [7, 8], porphyrin [9], liquid crystal [10] and ferrosols [11]. 

The optical limiting behavior can be easily controlled by the kind of the metal, concentration of the nanoparticles [12] 

and the parameters of the system configuration such as aperture size and distance between sample and aperture [9, 11, 

13]. 

In this work, we report on the experimental investigation of optical limiting properties and the thermo-optical nonlinear 

response of gold and platinum nanoparticles dispersed in the water using low power laser irradiation at 1064 nm. The 

nanoparticles are fabricated by nanosecond pulsed laser ablation of a pure gold and platinum plates in the water. The 

threshold-tunable optical limiters based on thermal nonlinear refraction in the gold and platinum nanoparticles colloids 

are compared experimentally. Observation of asymmetrical configuration of Z-scan measurements indicates that 

nonlinear refraction occurring in the samples is related to the non-local thermal process [9]. We have investigated the 

closed Z-scan behavior of the samples based on the non-local thermal nonlinear refraction process [7]. It will be shown 

that this model is in good agreement with the experimental results of the closed Z-scan measurements of the samples. 

Experimental fits have allowed extraction of the values of nonlinear refractive index and thermo-optical coefficients of 

the gold and platinum nanoparticles colloids. 

2. EXPERMENTAL DETAILS 

Gold and platinum nanoparticles were prepared by nanosecond pulsed laser ablation of pure gold and platinum targets 

in the water. The laser ablation of gold and platinum was carried out using a Q-switched Nd:YAG laser operating at 

fundamental wavelength. The laser generated 18 ns pulses at 1064 nm with a repetition rate of 1 Hz. The laser beam 

was focused by a 20 cm focal length lens on the surface of a gold and platinum plate placed inside a 10 mm cell. The 

spatial profile of the laser pulse was Gaussian with 136µm (FM 1/e
2
M) beam waist at the target. The volume fraction of 

the gold and platinum nanoparticles was 2.9 10
-4

. The prepared samples were studied using transmission electron 

microscopy (TEM), and a UV-Vis optical absorption spectrophotometer. A CW low power (100 mW) diode-pumped 

Nd:YVO4 laser operating at a wavelength of 1064 nm was also used to measure the linear absorption coefficient of the 

gold and platinum nanoparticles colloids. The nonlinear optical properties of the samples were studied by transmittance 

and the Z-scan measurements using a low power laser irradiation at a wavelength of 1064 nm. A similar optical 

geometry as given in [14] was used for nonlinear transmittance measurement. An attenuator and a beam splitter were 

used to control the power of a laser beam. The beam was focused onto the samples (10 mm cell) by using a lens with 50 

cm focal length. The spot size in the focal region was 47µm (HW1/e
2
M). A diaphragm located before the output power 



IJRRAS 17 (3) ● December 2013 Eslamifar ● Nonlinear Refraction Properties of Au & Pt 

 
 

273 

 

0

10

20

30

40

50

60

70

80

90

100

3.2 5.9 9.6 14.1 17.3 21.1 25 33.35

Radius (nm)

A
b

u
n

d
a
n

c
e

detector was used with variable apertures to dissociate the nonlinear absorption from the nonlinear refractive effect.  

This experimental geometry was also used to perform Z-scan measurements.  

3. RESULTS and DISCUSSION 

 Figure 1 shows the absorption spectra of colloids. One can see that the colloids possess a strong absorption band 

corresponding to the surface Plasmon of the gold and platinum nanoparticles at about 527 nm and 267 nm respectively.  

 

      

 

The size distribution of the gold and platinum nanoparticles is studied by TEM. Figure 2 presents the TEM image and 

size distribution of the gold and platinum nanoparticles in the water. Average gold and platinum nanoparticles radius is 

found to be about 7 nm and 9 nm with a stand ard deviation of 3 nm.  

 

 

Fig 2. TEM images and size distribution of the (a) platinum  and (b) gold nanoparticles in the water respectively. 

The optical limiting properties of the gold and platinum nanoparticles dispersed in the water with volume fraction of 

2.9 10
-4

 is studied using a low power laser at 1064 nm. Figures 3 and 4 demonstrate the optical limiting experimental 

results of the samples. As it is shown in these figures, at the applied low power laser irradiation, the output is linearly 

proportional to the input. By increasing the input power above a certain value, the output power reaches a maximum. 

Then, it will decrease by raising the applied power and remains clamped at a constant value. Our results show that 

compared to platinum nanoparticles, gold nanoparticles present low limiting threshold. 
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Fig1. Absorption spectra of colloids. 
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 Figure 5 shows transmission measurements of the water and colloids dispersed in the water under exposure to low 

power laser at 1064 nm. Up to the applied laser power of 90 mW, we have not measured any nonlinear absorption in 

the tested samples. The solid curves are fitted based on linear absorption theory and the absorption coefficients of 

water and the gold and platinum nanoparticles dispersed in the water are presented in Table 1. We have also 

experimentally investigated nonlinear absorption of the water and the colloids using the open Z-scan measurements 

by low power laser at 1064 nm. The measurements do not show any nonlinear absorption for all the tested samples. 
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Fig 3. Optical limiting properties of the platinum nanoparticles dispersed in the water. 

Fig 4. Optical limiting properties of the gold nanoparticles dispersed in the water. 

 

Fig 5. Transmission measurements of the water and colloids dispersed in the water. 
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In order to investigate the key physical mechanisms that contribute to the strong optical limiting of gold and 

platinum nanoparticles dispersed in the water, closed aperture Z-scan experiments have been performed at laser 

wavelength of 1064 nm. The closed aperture Z-scan technique allows us to determine the value of the thermal 

nonlinear refractive index of the gold and platinum nanoparticles colloids. Figure 6 shows the normalized 

transmission of the Z-scan measurements as a function of distance from the focus of the Gaussian beam for the 

colloids. The Z-scan results of the samples exhibit an asymmetric behavior including peak followed by valley (see 

Fig. 6), typical of  

 

 

 

negative nonlinearity for refractive index. The observed asymmetric nature of the Z-scan measurements along with 

the fact that the laser light is CW suggests that the thermal-induced effect is the main mechanism of the nonlinear 

refraction process in the colloids [9]. In this case, the focused CW laser beam is obsorbed by the colloids and 

immediately gives rise to local heating followed by the process of heat diffusion in the medium. The heat diffusion 

takes place and produces a spatial temperature distribution in the sample. The induced spatial temperature profile 

can differ significantly from the applied Gaussian laser intensity. As a result, a nonlocal interaction between the 

radiation light and the sample must be considered during the analysis of the closed Z-scan measurement results. As 

it is discussed in [7], for large thermal nonlinear refraction process in a medium, the far field on-axis transmittance 

at the output detector plane as a function of sample position,  , can be obtained as follows: 
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where    is the Rayleigh range of the Gaussian beam,   is the laser beam radius,    ((     )      )  

(     ) is the on-axis phase shift,   is the absorption coefficient of the sample,      (     (   ))   is the 

sample effective length, L is sample length,       is the thermo-optical coefficient of the medium,      is the 

thermal conductivity of the nanoparticles colloids, P is the applied laser power and   ( ) is the exponential integral 

[15]. The characteristic heat diffusion time is     
     with        being the thermal diffusivity of the 

medium. The theoretical closed Z-scan prediction and the Z-scan experimental measurements of the colloids are 

compared in Figs. 6(a) and 6(b). As it is clearly shown in these figures, the experimental Z-scan data of the colloids 

are well fitted with Eq. (2). 

The thermal nonlinear refractive index   
   and thermo-optical coefficient       of the colloids can be obtained 

using the on-axis phase shift  , given by [16, 17] 

Fig 6. Experimental results of the normalized closed aperture Z-scan measurement of (a) platinum and (b) gold 
nanoparticles in the water. 

(a) (b) 



IJRRAS 17 (3) ● December 2013 Eslamifar ● Nonlinear Refraction Properties of Au & Pt 

 
 

276 

 

  
   

 

       
                                                                                                                                                          (3) 

  

  
 

     

      
                                                                                                                                                           (4) 

where    is the on-axis irradiance at the focus. The values of   
   and       of the colloids are listed in Table 1. The 

results show that the presence of the nanoparticles enhances optical and thermal properties of the medium. Large 

nonlinear refractive index is obtained for the colloids in range of (0.26-0.4) 10
-8

     ⁄ . In spite of the colloids 

having same magnitude in concentration of nanoparticles, measured value of the nonlinear refraction coefficient of 

platinum nanoparticles dispersed in the water is smaller than the   
   value of the gold nanoparticles suspended in 

the water. 

Table 1. Comparison of the optical and thermal properties of the water and colloids. 

Sample Volume fraction   (cm-1)       (K-1)   
  (    )⁄  

Water - 0.05 - - 

Gold nanoparticles 2.9 10-4 0.20 -0.25 10-8 -0.4 10-8 

     Platinum nanoparticles 2.9 10-4 0.14 -0.19 10-8 -0.26 10-8 

 

4. CONCLUSIONS 

We have investigated the optical limiting behavior and thermo-optical nonlinearities of colloids containing gold and 

platinum nanoparticles in the water using CW laser irradiation at 1064 nm. The colloids were fabricated by laser 

ablation of a pure gold and platinum plate in the water. The image obtained by TEM shows that the average gold 

and platinum nanoparticles radius is about 7 nm and 9 nm with a standard deviation of 3 nm. The optical limiting 

responses in these colloids are dominated by a nonlinear refraction mechanism. The asymmetry of closed Z-scan 

measurements is analyzed based on the nonlocal thermal nonlinear refraction process for a large phase shift. The 

results show good agreement with the experimental closed Z-scan measurements of the colloids. The values of 

nonlinear refractive index and thermo-optical coefficients of colloids are improved by presence the gold 

nanoparticles compared to platinum nanoparticles. 
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