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Abstract  

The gold nanoparticle was prepared in a laser ablation  

method and with pulses (100, 200, 300, 400), concentration 

(2ml) in ethanol, and 500mj for laser beam used. Its structural 

properties were measured using an AFM device and the grain 

size range was (38.61-56.71) nm. Grain size decreased with 

increasing number of pulses. The spectral properties were 

determined by measuring the absorption spectra. The spectral 

range was (517-729) nm. There was a shift towards the shorter 

wavelength and an increase in absorption intensity and an 

increase in both absorption coefficient and refraction index. 

Four concentrations of  Rhodamine B (1x10-3, 1x10-4, 1x10-5, 

1x10-6) Ml were prepared using the ethanol solvent And 

measuring its absorption spectra, which showed the spectral 

range of the Rh dye is (541 -550) nm with increase 
concentrations. There was a decrease in both linear absorption 

coefficient and refractive index with reduced concentration. 

The fluorescence spectra was then measured for the prepared 

samples. The spectral range was (562-589) nm with increase 
concentrations. The fluorescence intensity was decreased with 

the decrease in concentration. There was also an increase in 

the quantum yield and a decrease in the fluorescence level 

lifetime. 

The solution of the gold nanoparticles prepared with different 

pulses was added to the solution of the concentration of the 

Rhodamine B concentration (1X10-4)Ml and study of the 

structural properties of the prepared samples. An increase in 

grain size range was found, ranging from (57.24-78.01) nm. 

In the measurement of absorption and fluorescence spectra of 

the Rhodamine B with Au nanoparticles, it was found that the 

spectral range of the absorption did not change significantly, 

however, there was a significant decrease in the intensity of 

fluorescence than before the addition of nanoparticles, the 

highest value was (12.83) after the addition of the time 

(39.52) for the concentration of the dye (1X10-4) Ml before 

adding. The increase in the value of the quantum yield and the 

decrease in the value of the fluorescence lifetime after the 

addition, while increasing the quantum yield and decreasing 

the fluorescence level life time of the of the dye as the number 

of pulses increased. 

Keywords: Nanoparticles, dye laser, optical properties, laser 

ablation.  

 

 

INTRODUCTION 

Nano science  defines  a  set  of  technologies  and  

developments  that  are  based  on  physical , chemical, and 

biological phenomena occurring at the nanoscale ranging of 

approximately 1 to  011  nanometer[1] .The  properties  and  

behavior  of  materials  at  the  nanoscale  vary  greatly when 

compared to the others at the micro, macro or bulk levels[2].  

The most efficient physical methods  for  nanofabrication  is  

laser  ablation, it is a typical example of top-down approach in 

fabrication of nanoparticles, laser ablation is the process of 

removing material from a solid surface by irradiating it with 

laser beam[3]. 

Dye lasers are lasers whose active medium consists of the 

solutions of certain compounds of dissolved organic pigment 

dissolved in liquids such as ethyl alcohol, methyl alcohol, or 

water[4]. 

The visible radiation emitted by most organic dyes has helped 

to be used as an effective medium in dye lasers[5,6]. These 

fluorescent dyes contain a high concentration of active atoms 

of the volume unit when compared to the invasive medium[7]. 

That the dye lasers are four-level systems whose effective 

center is triggered by a flash lamp or other laser[8]. Due to the 

increased applications of dye laser in the field of spectra and 

photochemistry, due to the possibility of tinting the beam 

outside it and to a wide range of wavelengths extending from 

the ultraviolet region and through the visible area to the 

nearby infrared region using laser dyes as effective media 

because they are characterized by the ease of cooling and 

change concentrations, Synthesis in the spectral range of the 

wavelengths of absorbance spectra and crystallization. In 

addition, the dye solution takes the form of design required by 

the effective medium of the dye laser system[9] . 

 

EXPERIMENTAL PART: 

1-Laser ablation of gold (Au) in aqueous media was carried 

out with a nanosecond Q-Switch Nd-YAG pulsed laser. The 

laser wavelength λ operates at: 1064nm, 6Hz repetition rate  

with  a different  number  of  pulses  (100,200,300,400) and  

with  energy  of  (500) mj.  Metal  plate  placed  on  the 

bottom of glass vessel containing 3ml SDS solution with (2ml 

ethanol). The  structural  measurements  such  as,  

morphological  features  by atomic force microscope (AFM), 

as well as optical properties by using UV-visible and 

Fluorescence spectroscopy. 
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2-In order to prepare a solution of a specific substance at a 

specific concentration, an appropriate amount of the material 

was dissolved in a certain volume of the solvent, according to 

the following relationship[10]: 

W=Mw .C.V/1000 ……………..…………..(1) 

Where : 

W: The weight of the dye needed to obtain the desired 

concentration in gm unit. 

C: The concentration to be prepared in ML unit 

V: The size of the solvent cm3 to be added to the material. 

MW: Molecular weight of dye used in gm / mol. 

 

For dilute solutions (1X10-3,1X10-4,1X10-5,1X10-6) of the 

concentration prepared, this is done using the following 

relationship called the dilution relationship: 

          C1V1 = C2V2………………….……….(2) 

Where : 

C1: First Concentration (Higher). 

C2: The second focus (lightest). 

V1: The required volume of the first concentration. 

V2: The size needed to be added to the first concentration for 

the second concentration. 

 

3-The addition of the (Au) nanoparticles to the dye solution 

can be prepared by adding a quantity of the nanoparticle 

solution prepared with a number of different pulses to the 

concentration of the dye solution (1x10-4)Ml. 

 

4- The study of the linear optical properties for spectrum  

prepared dyes Rhodamine B with different conditions through 

changed concentration solution. and we can also calculate the  

life time of fluoridation (f) record compound known to his 

life time , as well as the area under the curve, as in the 

following relationship equation which is adopted in the 

calculations in this research [11]: 

F =
axfRB

aRB
…………………..…………(3) 

 

As fRB represents life time record for a compound which 

rhodamine B when the concentration (10-4) M and (aRB) is the 

area under the curve fluorescence of rhodamine B, (a) 

represents the area under the curve required for the compound 

in this search. It can also be account quantum yield of 

fluoridation (ФF) to find the ratio of the fluorescence spectrum 

space to the absorption spectrum space[12]: 

( )
...................

( )
F

F d

d

 


  

 


 




(4) 

 

Study the absorption and fluorescence spectra of solutions 

prepared 

It was prepared four concentration of(1x10-3,1x10-4,1x10-

5,1x10-6)Ml after dissolves Rhodamine B dye in a solvent 

ethanol and then measuring the absorption spectra using (UV-

Visible Spectrophotometer), As shown in Figure(2) and Table 

(1). 

 

Figure 1: Absorption spectra of Rhodamine B dye dissolved 

in ethanol. 

 

Table 1: Absorbance values of Rhodamine B dye dissolved in 

ethanol . 

C (Ml) λmax (nm) A 

10-3×1 550 0.991 

10-4 ×1 547 0.791 

10-5 ×1 544 0.067 

10-6  ×1 541 0.015 

 

And from the  result of absorption spectra obtained 

Transmission spectra, as shown in Figure (2) and table (2). 

 

Figure 2: Transmission spectra of Rhodamine B dye 

dissolved in ethanol. 
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Table 2: Transmittance of Rhodamine B dye dissolved in 

ethanol. 

C (Ml) λ max (nm) T 

10 -3×1 550 0.102 

10-4 ×1 547 0.161 

10-5 ×1 544 0.855 

10-6 ×1 541 0.965 

 

And After obtaining the results of Transmission spectra were 

measured linear absorption coefficients (o) and linear 

refractive index (no)for samples prepared, table(3). 

Table 3: Absorption coefficients and refractive index of 

Rhodamine B dye dissolved in Ethanol. 

C (Ml) cm-1)αo) no 

10 -3×1 2.256 1.55 

10-4 ×1 2.232 1.37 

10-5 ×1 2.184 1.28 

10-6  ×1 2.128 1.21 

 

It was measured fluorescence spectra of samples prepared to 

dye solution RhodamineB in Ethanol by using a fluorescence 

spectrometer, The results of the measurements as shown in 

Figure(3) and table(4). 

 

        
 

          

Figure 3: Fluorescence spectra of Rhodamine B dye dissolved in Ethanol 

 

 

 

 

 

 

0

5

10

15

20

25

30

35

500 550 600 650 700

R
e

la
ti

ve
 in

te
n

si
ty

wavelength nm

10^-3

0

5

10

15

20

25

30

35

40

45

500 550 600 650 700

R
e

la
ti

ve
 in

te
n

si
ty

Wavelegth nm

10^-4

2.2

2.7

3.2

500 550 600 650 700

R
e

la
ti

ve
 In

te
n

si
ty

Wavelength nm

10^-6

2

3

4

5

6

7

8

9

500 550 600 650 700

R
e

la
ti

ve
 In

te
n

si
ty

Wavelength nm

10^-5



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 24 (2017) pp. 14833-14841 

© Research India Publications.  http://www.ripublication.com 

14836 

Table 4: Florescence intensity of Rhodamine B dye dissolved 

in Ethanol 

C (Ml) λ max (nm) Relative Intensity 

10-3×1 589 31.04 

10-4 ×1 571 39.52 

10-5 ×1 564 8.15 

10-6  ×1 562 2.97 

 

Through the results of fluorescence spectra possible account 

fluorescence lifetime as well as the quantum yield 

fluorescence, using the relations (3,4), After calculating the 

area under the curve (a) of the curved absorption and 

fluorescence using a computer program (GEUP 6), The results 

were as shown in the table (4): 

 

Table 5: Fluorescence lifetime and fluorescence Quantum 

Yield of RhodamineB dye dissolved in Ethanol. 

 

C (Ml) f (ns) Qf 

10-3×1 5.06x10-3 0.49 

10-4 ×1 4.67x10-3 0.52 

10-5 ×1 x10-3 3.17 0.66 

10-6  ×1 2.68x10-3 0.82 

 

Morphological properties of  gold nanoparticles 

In order to identify the morphological properties of the 

nanoparticles on the glass prepared by Atomic Force 

Microscopy (AFM) illustrated in Fig farm (4-7)  and the table 

(6) 

 

 

Figure 4: AFM of (Au) nanoparticles in ethanol with the 

number of pulses (100) 

 

 
Figure 5: AFM of (Au) nanoparticles in ethanol with the 

number of pulses (200) 
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Figure 6: AFM of (Au) nanoparticle in ethanol with the 

number of pulses (300). 

 

 

Figure 7: AFM of (Au) nanoparticles in ethanol with the 

number of pulses (400) 

Table 6: Grain size (Au) nanoparticles, prepared with 

different pulses in ethanol 

Grain size 

(nm) 

NO. of pulses 

56.71 100 

53.48 200 

50.55 300 

38.61 400 

 

Absorption spectra of Au nanoparticle 

The absorbance spectra was measured for all samples 

prepared for (Au) nanoparticles with a different pulses 

number by using UV-Vis.-Spectrophotometer. The results 

were shown in Figure (8) and table(7). 
 

 

Figure 8: Absorption spectra (Au) nanoparticle in ethanol 

with different pulses. 
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different pulses. 

No. of pulses   λ max (nm) A 
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300 523 0.252 
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And from the result of absorption spectra obtained 
Transmission spectra, as shown in Figure (9) and table (8). 
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Figure 9: Transmission spectra of (Au) nanoparticle in 

ethanol with different pulses. 

 

Table 8: Transmittance of (Au) nanotubes in ethanol with 

different pulses. 

No. of pulses λ max (nm) T 

100 499 0.721 

200 496 0.664 

300 508 0.583 

400 511 0.518 

 

Table 9: Absorption coefficients and refractive index of (Au) 

nanoparticle in Ethanol with different pulses. 

No. of Pulses Absorption coefficient(αo) 

cm-1 

Refractive index 

(no) 

100 2.141 1.797 

200 2.268 1.930 

300 2.400 2.049 

400 2.428 2.127 

 

Morphological properties of (Au) nanoparticles prepared 

by different pulses with Rhodamine B dye at a 

concentration of (1x10-4)Ml  

In order to identify the morphological properties of the new 

four samples of the mixture of dye and nanoparticles 

imprinted on the glass, they were imaged using Atomic Force 

Microscopy (AFM) and the results as shown in Figure(10-13) 

and Table (10). 

 

Figure 10: AFM of mixture (Au) nanoparticle prepared 

by(100) pulses with rhodamine B dye at a concentration of 

(1x10-4Ml). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: AFM of mixture (Au) nanoparticle prepared 

by(200) pulses with rhodamine B dye at a concentration of 

(1x10-4Ml). 

 

0.5

0.6

0.7

0.8

0.9

1

400 450 500 550 600 650 700

Tr
an

si
m

it
an

ce

Wavelength nm

Transimitance Np.Au  T 100P/Au

 T 200P/Au

 T 300P/Au

 T 400P/Au



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 24 (2017) pp. 14833-14841 

© Research India Publications.  http://www.ripublication.com 

14839 

     

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: AFM of mixture (Au) nanoparticle prepared 

by(300) pulses with rhodamine B dye at a concentration of 

(1x10-4Ml). 

 

   

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: AFM of mixture (Au) nanoparticle prepared 

by(400) pulses with rhodamine B dye at a concentration of 

(1x10-4Ml). 

 

Table 10: Grain size of mixture (Au) nanoparticle prepared 

by different pulses with rhodamine B dye at a concentration of 

(1x10-4Ml). 

Grain size No. of pulses 

78.01 100 

66.39 200 

68.27 300 

57.24 400 

 

Study the absorption and fluorescence spectra of solutions 

prepared 

It was prepared four samples of mixture (Au) nanoparticle 

prepared by different pulses with rhodamine B dye at a 

concentration of (1x10-4Ml) and then measuring the 

absorption spectra using (UV-Visible Spectrophotometer), as 

shown in Figure(14) and Table (11). 

 

 

Figure 14: Absorption spectra of mixture (Au) nanoparticle 

prepared by different pulses with rhodamine B dye at a 

concentration of (1x10-4Ml). 
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And from the  result of absorption spectra, obtained 

Transmission spectra of mixture (Au) nanoparticle prepared 

by different pulses with rhodamine B dye at a concentration of 

(1x10-4Ml), as shown in Figure (15) and Table (12). 

 

 

Figure 15: Transmission spectra of mixture (Au) nanoparticle 

prepared by different pulses with rhodamine B dye at a 

concentration of (1x10-4Ml). 

 

No.Pulses λ max (nm) T 

100 550 0.109 

200 544 0.134 

300 544 0.104 

400 547 0.102 

 

Table(12): Transmittance of mixture (Au) nanoparticle 

prepared by different pulses with rhodamine B dye at a 

concentration of (1x10-4Ml). 

And After obtaining the results of Transmission were 

measured linear absorption coefficients (o) and linear 

refractive index (no)for samples prepared ,as shown in table 

(13). 

 

Table 13: Absorption coefficients and refractive index of 

mixture (Au) nanoparticle prepared by different pulses with 

rhodamine B dye at a concentration of (1x10-4Ml). 

C (ML) cm-1)αo) no 

100 2.15707 1.91129 

200 1.91228 1.64042 

300 1.72843 1.52207 

400 1.57873 1.45482 

It was measured fluorescence spectra of mixture (Au) 

nanoparticle prepared by different pulses with rhodamine B 

dye at a concentration of (1x10-4Ml), as shown in Figure (16) 

and Table (14).  

 

 

 

 
Figure 16: Fluorescence spectra of mixture (Au) nanoparticle 

prepared by different pulses with rhodamine B dye at a 

concentration of (1x10-4Ml). 
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Table 14: Fluorescence intensity of mixture (Au) nanoparticle 

prepared by different pulses with rhodamine B dye at a 

concentration of (1x10-4Ml). 

No.Pulses λ max (nm) Relative Intensity 

100 576 12.39 

200 573 21.6 

300 573 5.96 

400 572 4.72 

 

Through the results of fluorescence spectra possible account 

fluorescence lifetime as well as the Quantum Yield 

fluorescence, using the relations (3,4),After calculating the 

area under the curve (a) of the curved absorption and 

fluorescence using a computer program (GEUP 6) The results 

were as shown in the table (15): 

 

Table 15: Fluorescence lifetime and fluorescence Quantum 

Yield of mixture (Au) nanoparticle prepared by different 

pulses with rhodamine B dye at a concentration of (1x10-4Ml). 

No.Pulses f (ns)  Qf 

100 2.6434x10-3 0.37538 

200 1.9507x10-3 0.48577 

300 1.7917x10-3 0.64689 

400 1.5806x10-3 0.79786 

 

CONCLUSIONS 

1) The spectral displacement of the fluorescence towards 

the short wavelength (blue shift) and decrease in the 

fluorescence intensity with a decrease in concentration. 

2) Increase the Quantum Yield and decrease the life time of 

fluorescence at the lack of concentration. 

3) Decrease in grain size of (Au) nanoparticles with 

increase pulse numbers of laser beam. 

4) Blue shift and in the wavelength of the absorption 

spectra of (Au) nanoparticles with increased number of 

pulses of the laser beam. 

5) A significant increase in the grain size of the gold 

nanoparticle after adding it to the Rhodamine B dye. 

6) A significant increase in the absorbance of Rhodamine B 

dye after the addition of gold nanoparticles. 

7) A significant decrease in the intensity of the 

fluorescence of the form of Rhodamine B and increase 

in Quantum Yield and decrease the life time of 

fluorescence after the addition of gold nanoparticles. 

REFERENCES 

[1] Kattumuri, V. (2006). “Gold  Nanoparticles  for  

Biomedical  Applications:  Synthesis, Characterization, 

in Vitro and in Vivo Studies”.Ph.D. Thesis, University 

of Missouri–Columbia. 

[2] Askeland, D. R., & Phule‟, P. P. (2003). "The Science 

and Engineering of Materials" (Fourth Edition). 

Stamford: Thomson. 

[3] Barcikowski, S., Hahn, A., Kabashin, A.V., & 

Chichkov, B. N. (2007). “Properties of Nanoparticles 

Generated During Femtosecond Laser Machining in 

Air and Water”. Applied Physics A,87, 47–55. 

[4] B.B. Snavely et al. ," Organic Molecular Photo 

physics", vol.1, John Wiley & Sons, p. 239, (1973). 

[5] F. Duarte ,"Tunable Laser Optics" Elsevier Academic, 

New York, Appendix of Laser Dyes ,(2003). 

[6] J. Mc Murry ," Organic Chemistry" , oxford university 

Press, New York ,p. 314, (1984). 

[7] S. Jacobs et al. , “Laser Application to Optics and 

Spectroscopy”, Addison-Wesly Publishing Company, 

London. Amsterdam .Don Mills, Ontario-Sydney-

Tokyo, 2nd edition, (1975). 

[8] M. Maeda, “Laser Dyes, Properties of organic 

compounds for dye lasers “, Academic Press, INC, 

(1984). 

[9] Schafer, F. P. ''Dye Lasers'', 2nd- Ed., Springer press, 

Berlin (1797). 

[10] A. Abdul-Zahra Ali," Investigation of nonlinear optical 

properties for laser dyes-doped polymer thin film", 

thesis, University of Baghdad Institute of Laser for 

Postgraduate Studies,(2008). 

[11] B. T. AL. Khafaji , " Life Measurement of Some 

Lasing Compounds " PH.D. Thesis University of 

Baghdad , ( 1993 ). 

[12]  D. M. Hercules, "Fluorescence & Phosphorescence 

Analysis", Inter Science Publisher a division of John 

Wiley & Sons. New York. London. Sydney.( 1960).   


