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Abstract Key words 
     Based on nonlinear self- diffraction technique, the nonlinear 

optical properties of thin slice of matter can be obtained. Here, 

nonlinear characterization of nano-fluids consist of hybrid  Single 

Wall Carbon Nanotubes and Silver Nanoparticles (SWCNTs/Ag-

NPs) dispersed in acetone at volume fraction of 6x10
-6

, 9x10
-6

, 

18x10
-6

 have been investigated experimentally. Therefore, CW DPSS 

laser at 473 nm focused into a quartz cuvette contains the previous 

nano-fluid was utilized. The number of diffraction ring patterns (N) 

has been counted using Charge - Coupled- Device (CCD) camera and 

Pc with a certain software, in order to find the maximum change of 

refractive index (    of fluids. Our result show that the fraction 

volume of 18x10
-6

 is more nonlinearity than others. 

Nonlinear 

characteristic, nano-

fluids, diffraction 

patterns. 
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دراسة تجريبية للصفات اللاخطية لموائع هجيه مه الكاربون الاوبوبي احادي الجذران مع 

 الىاووية باستخذام تقىية الحيود اللاخطيالفضة  جسيمات

 ايمان عذوان عبعوب  و فاضل عباس عمران                                          

 انعشاق ،معهذ انهيضس نهذساساث انعهيا ،جامعت بغذاد، بغذاد

 الخلاصة

اعتمادا عهى تقىيت انحيىد انزاتي انلاخطي، يمكه انحصىل عهى انخىاص انضىئيت انلاخطيت نششيحت سقيقت      

هٌا تن التحشٌ تجشَبُا للصفاث اللاخطُت لوىائع ًاًىَت هتكىًت هي هجُي هي الكاسبىى الاًبىبٍ احادٌ . مه مادة

01× 6بأجزاء حجوُت الجذساى هع جسُواث الفضت الٌاًىَت الوٌتششة فٍ الاستىى و
-6

 ،9 ×01
-6

 ،08 ×01
-6

 .

ًاًىهتش وتن حصشٍ الً حاوَت كىاستز تحتىٌ علً  374لزلك استخذم لُزس رو هىجت هستوشة وبطىل هىجٍ 

كاميشا وحاسبت شخصيت راث  (CCD) جهاص اقتشان انشحىاث تن عذ حلقاث ًوط الحُىد بىاسطت. الوىائع السابقت

       اظهشث ًتائجٌا بأى الجزء الحجوٍ. بشوامج معيه نغشض ايجاد انتغييش الاقصى نمعامم اوكساس انمىائع

(08 ×01
-6

 .هى اكثش لا خطُت هي الاجزاء الحجوُت الاخشي( 

 

Introduction 

     Nonlinear optical effects have 

attracted much interest for their huge 

capability in employments such as, 

self-phase modulation,  multiple-

photon absorption and frequency 

conversion [1-3]. Therefore, nonlinear 

concentric ring can be revealed as far 

field nonlinear diffraction patterns 

when a Gaussian laser beam 

illuminates a thin slice of matte [4-6]  

The first evidence of this process      

was   demonstrated    using   CS2   with  

Vanadium Phthalocyanine dye as a 

nonlinear material [7]. Moreover, this 

phenomenon was observed in another 

many nonlinear materials such as 

organic materials [8, 9], nano-fluid 

consist of metal nanoparticles[9, 10], 

dye [11], graphene[12] and CNTs [13, 

14]. The pattern of self- diffraction  

effect will be useful for many 
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applications such as optical limiting 

[15, 16], optical switching [17, 18], 

beam flattening ,weak absorption 

measurement, spatial dark solution 

transmission and so on [19,  20].  

 

Experimental work 

     This experimental was carried out 

using TEM00 Gaussian beam of CW 

diode pumped solid state laser at             

473 nm (model MBL-FN-473nm-

200mW-15050466) focused by a lens 

of focal length 0f  7 cm to a waist 

radius (w0) of 154.559 μm  through       

5 mm quartz cuvette. The cuvette 

contains hybrid SWCNTs/Ag-NPs 

fluids at volume fraction of 6x10
-6

, 

9x10
-6

, and 18x10
-6

 respectively. 

Power-meter (model UNO-200982, 

gentec-EO, Canada), attenuator, CCD 

camera (model Beamage - CCD12, 

gentec-EO, Canada)   and PC have 

been used in this experiment as it can 

be shown in the Fig.1.  

 

 
Fig. 1: Schematic diagram of the experimental set- up. 

 

Result and discusses 

     The absorption spectra of hybrid 

materials (SWCNTs /Ag – NPs) 

acetone suspension at volume fraction 

9×10
-6 

was measured by UV-VIS 

Spectrophotometer as it is shown in 

fig. 2. It has been show  i   ig.   th t 

the  e   w ve e gth w s   468 nm 

which indicates that the utilizing laser 

source (473 nm) is suitable for this 

process. Almost all particulate                 

in   contact   with    a   liquid    acqurie  

 

 

an electronic charge on their surface. 

Zeta potential is an important and 

useful indicator of this charge which 

can be used to predict and control the 

stability of suspention.Therefor, zeta 

potential examination was measurd for 

the suspension at volum fraction 9 x 

10
-6

, which was almost (-63.12). Zeta 

potential of this  nano-fluid suspention 

possesss a good stability [21] as shown 

in Fig. 3. 
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Fig. 2: The UV-VIS absorption spectrum 0f SWCNTs/Ag-NPs acetone suspension at 

volume fraction 9×10
-6

.
 

 

 
Fig. 3: Zeta potential at volume fraction of 6 x10

-6
. 

 

     Table 1 shows the reported result of 

the present experiment. It has been 

noticed that the nonlinear refractive 

index of the suspension increases by 

increasing the volume fraction values 

of nanoparticles inside the solution. It 

can be attributed these increment due 

to the physical concept, that the hybrid 

metal nanoparticles (SWCNT/ Ag-

NPs) spread in fluid lead absorption 

the light energy due to Surface 

Plasmonic Resonance (SPR) of the free 

electrons excitation on the metal 

surface. The absorbed energy firstly   

transports to particles and then to the 

e circ i g  iquid c usi g it’s 
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temperature to be increased in the 

suspension. Thereby, the refractive 

index of the nano- suspension will be 

changed. Using 473 nm CW laser 

beam it is near to the resonance 

absorption peak of the hybrid material, 

this phenomenon leads to formation of 

thermal stimulate nonlinear refractive 

index inner the suspension. On the 

other hand the absorption light energy 

based on SPR is more powerful when 

the volume fraction values of the 

particles is high. 

 

 
Table 1: The nonlinear refractive index and their coinciding volume fraction. 

Nonlinear refractive    

index ,n2×10
-6

(cm
2
/W) 

Number of rings Volume fraction x10
-6

 Laser intensity 

W/cm
  2

 

3.61 14 6 366.61 

3.78 15 9 366.61 

4.38 17 18 366.61 

 

     Various values of incident intensity 

have been used to get various numbers 

of nonlinear pattern rings which lead to 

get various values of the maximum 

change nonlinear refractive index of 

the previous hybrid nano-fluids, as 

shown in Fig. 4 and 5, respectively. 

 

 

 

 
Fig. 4: Number of diffraction rings produce by SWCNTs/Ag- NPs acetone suspension at 

various laser intensities. 
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Fig. 5: Maximum change of nonlinear refractive index formed using SWCNT and silver 

nanoparticles acetone suspension at different volume fraction of 6×10
-6

, 9×10
-6

 and           

18 x10
6
 irradiated by varies laser intensities. 

 

     The following equation has been 

used to calculate the maximum change 

of the nonlinear refractive index 

(nnl,max) [22]. 

          
     

         
        

 

where λ is the laser wavelength,   and 

  are the cuvette thickness and number 

of  diffraction rings respectively. For 

each volume fraction value the 

nonlinear refractive index were 

calculated by the following      

equation [23]. 

 nnl = n2I 

 

I is the laser intensity.  

 

Fig. 6 shows the relationship between 

the incident laser intensity and 

nonlinear refractive index of the hybrid 

nano-fluid at various volume fractions.  

 

 
Fig. 6: The nonlinear refractive index formed using SWCNT and silver nanoparticles 

acetone suspension at different volume fraction of 6×10
-6

, 9×10
-6

 and 18 x10
-6

 irradiated by 

varies laser intensities. 
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Fig. 7 shows that the number of 

nonlinear diffraction pattern rings 

which have been revealed by CCD 

camera increases by increasing of laser 

power density. 

 

  
 

(a) 137.31W/cm
2                                          

 (b) 200 W/cm
2                                    

 (c) 228 W/cm
2
 

 

 
 

(d) 268 W/Cm
2                                                    

(e) 366.61 W/Cm
2
 

Fig.7: Shows that the nonlinear patterns rings using volume fraction value 6×10
-6

 

increases by increasing power densities. 

 

Conclusion 

     From the result of this experiment, 

we can concluded that, the number of 

diffraction patterns ring increases with 

increasing the laser intensity, this led to 

increase of nonlinear refractive index 

change  n        for hybrid SWCNT 

and silver NPs dispersed in acetone at 

volume fraction of  6×10
-6

, 9×10
-6 

 and 

18 x10
-6

. Moreover, SWCNT and 

silver NPs acetone suspension at a 

volume fraction of 18×10
-6

 was higher 

optical nonlinearity than of others. 
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