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ABSTRACT 
     Silver and gold nanoparticles were prepared by using nanosecond pulsed laser ablation. 
Ablation of pure metal targets (Ag and Au) for nanoparticle colloidal production was studied in 
de-ionized water. The optical properties were studied with Ultraviolet- Visible (UV-Vis) 
spectrophotometer. The spectra reveal sharp peaks due to surface plasmon  absorption peaks at 
405 nm and 523 nm for Ag and Au respectively.  The size and shape of nanoparticles was 
investigated by Transmission Electron Microscope (TEM). Spherical shapes with average 
diameters of 10 nm and 6 nm for silver and gold nanoparticles were found respectively. 
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 تحضیر جسیمات الفضة والذھب النانویة باستخدام طریقة
 الاستئصال بلیزر الیاك النبضي

 
 الخلاصة

الفض��ة وال��ذھب باس��تخدام طریق��ة الاستئص��ال ب��اللیزر النبض��ي .تم��ت الدراس��ة  نانوی��ة م��ن  ت��م تحض��یر جس��یمات
. درس��ت الخ��واص  الاای��وني ف��ي الم��اء م��ن الفض��ة وال��ذھب لانت��اج محل��ول الجس��یمات النانوی��ةنقی��ة  لاھ��داف معدنی��ة 

بین��ت الاطی��اف ظھ��ور ذروات ح��ادة نتیج��ة الامتص��اص . (UV-VIS)البص��ریة بمطیافی��ة الاش��عة ف��وق البنفس��جیة 
الجس�یمات  وش�كل فح�ص حج�م  نانومتر للفضة وال�ذھب عل�ى الت�والي. 523نانومتر و405 السطحي البلازموني عند 

 ھم�اكروی�ة الش�كل ومع�دل اقطاروال�ذھب ان جسیمات الفضة وجد  .)TEMالنانویة بجھاز المجھر الالكتروني النافذ (
 .نانومتر لكل منھما على التوالي  6و نانومتر10

 
INTRODUCTION 

etal nanoparticles have attracted much attention because of their unique size-dependent 
optical properties, magnetic properties and catalytic properties [1]. Metal nanoparticles 
have been intensively studied within the past decade [2]. Nano materials have been an 

important subject in basic and applied sciences for their application in a wide ranges of different 
fields, including chemistry, physics, biology, materials science, medicine and catalysis [3]. Metal 
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nanoparticles have been prepared using many methods such as laser ablation technique [3], 
chemical reduction method or silver salt [4], photo-reduction [5], microorganisms [6], arc-
Discharge method [7] and bio surfactant [8].  

Laser ablation technique has attracted much growing interest since it is extensively employed 
for synthesis of new novel materials especially for drilling microvias in  the high density printed 
circuit board in the microelectronic packaging[9]. Laser ablation plasma is formed above the 
surface of the solid target when an intense laser beam strikes the target. Laser ablation provides a 
simple and contaminant-free method which can be used for large number of materials [10]. Silver 
and gold nanoparticles generally exhibit Plasmon absorption bands that depend on their size and 
shape [11]. Gold nanoparticles have a wide range of potential applications, for instance, an 
effective drug delivery in cancerous tumors [12], biomedical [13], wide range of cosmetic and 
beauty applications [14], biosensors [15] and catalysis [16]. Silver nanoparticles have potential to 
eliminate bacteria and fungi for cosmetic and beauty application with self – cleaning properties 
[17]. 

In the present work, we prepared silver and gold nanoparticles as colloidal solutions, from 
metal silver disc and gold foil in deionized water using Nd-YAG pulse laser ablation method. The 
average size and the distribution of silver and gold nanoparticles were measured with 
transmission electron microscope. The UV –Visible absorption spectra of silver and gold 
nanoparticles was observed at different laser pulse times.  
                    
EXPERIMENTAL PROCEDURES 
    Colloidal of silver and gold nanoparticles (NP's) were synthesized by using pulsed laser 
ablation (Nd-YAG -1064 nm- 10ns) operating at the fundamental wavelength 1064 nm, and 
frequency of 10Hz.  High purity (99.99%) of commercial grade silver powder was pressed by 
hydraulic system using stainless steel punch and die with 1cm diameter. The produced pellet with 
1cm diameter and 3mm thickness was annealed to 600°C in tube furnace. Then, it was polished 
with automatic polisher. The silver disc was immersed at the bottom of cylinder with 20ml of 
deionized water. Laser beam with wavelength of 1064 nm was focused by lens with 5cm focal 
length. The ablation parameters are: power of 40mj, frequency of 6Hz, and pulse duration of 7ns.  
Experiments were carried out at different time (5min., 15min., and 30min). Pure gold 
(commercial grade) was used as another target with size of 1cmx1cmx0.5mm. The gold foil 
 (1cmx1cmx 0.05cm) was ablated in the same manner used with silver and using the same 
parameters.  
 
 RESULTS AND DISCUSSION  

Figure (1) shows the silver and gold colloidal solutions prepared by (Nd-YAG) laser ablation 
(1064 nm). The pale yellow and red colors of silver and gold nanoparticles as shown in figure 1a, 
1b, are due to their Plasmon absorption. These two colloidal solutions are further characterized by 
UV-Vis Spectrophotometer (at Nanotechnology Center / UOT/ Baghdad) and Transmission 
Electron Microscope (TEM) (at Medical College / Al Nahrain University / Baghdad) as shown 
below. 
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Figure (1) (a) Sliver colloidal (pale yellow); (b) Gold colloidal (pale red). 
 

UV-VIS ANALYSIS 
       UV-Visible spectra were measured using UV- Cary 100 Cone UV- Visible 
Spectrophotometer in the range of (200-800) nm. The absorption and transmission spectra for 
silver and gold colloidal were measured with quartz cell.. The spectral features of different 
colloidal are characterized by Plasmon absorption peaks. A maximum wavelength (λmax) for 
maximum absorbance was measured.  Figure (2) shows UV-Vis absorption spectra for silver 
colloidal prepared with different laser pulse time (5 min, 15 min, and 30 min) at a constant laser 
power (40mJ/pulse). The absorbance increased as a function of time with increasing peak 
sharpness. This is due to the increase of colloidal concentration.  The peaks at 405 nm are due to 
surface Plasmon of silver. The observed peak broadening at 5 and 15 min pulse times might be 
due to the small nanoparticle sizes in both cases. The size and shape of gold nanoparticles were 
measured by TEM as explained in later section. 

. 
Figure (2) UV-Vis Spectra of silver nanoparticles at different  

Pulse times: 5 min., 15 min., and 30 min. , respectively. 
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      Figure (3) shows the optical absorption spectra of gold nanoparticles prepared by 1064 nm 
laser ablation at different periods of time (5 min, 15 min and 30 min.). The ablation process was 
continuous with average duration of 100 pulses per minute. The UV-Vis spectrum for the 
colloidal solution of gold nanoparticles prepared shows maximum peaks at 523 nm. These are 
confirmed by other workers [11], which is due to their surface Plasmon absorption.  A small 
absorption peak appears at 370 nm at 30 nm ablation time as shown in Figure (3). The results 
shows that the absorption peak intensity decreases with decreasing laser ablation time, (at 15 
min.) and disappears at 5 minutes. The shoulder at 370 nm is corresponding to the transverse 
Plasmon vibration in gold nanoparticles which might be the effect of the particles shape [18, 19]. 
The presence of single surface Plasmon peak implies that the formed nanoparticles are nearly 
spherical. In case of ellipsoidal particles, the absorption spectrum would have two plasmon peaks 
[20]. 

 
Figure (3) UV-Vis absorption spectra of gold nanoparticles at 

 Different pulse times: 5 min., 15 min., and 30 min. respectively. 
 
 
TEM MORPHOLOGY 
      The morphology of silver and gold nanoparticles was studied using Transmission Electron 
Microscope (TEM, PHILIPS CM10 / Holland) working at 100 kV accelerating voltage. TEM 
sample for Silver and gold were prepared separately from their colloidal by dropping a single 
drop on standard (3.05 mm) copper grid and then dried to be ready for imaging. Figure (4a). 
shows TEM image of silver nanoparticles prepared by 1064 nm laser ablation. Spherical silver 
nanoparticles with an average diameter of 10 nm were obtained. The spherical shape of silver 
nanoparticles observed by TEM is consistent with the optical absorption peak around 400 nm 
which originates from surface Plasmon excitation. This value was found to be consistent with 
results obtained by other workers for Ag NP's [21]. The size distribution of silver nanoparticles 
obtained  from TEM  image is shown in Figure (4b).  
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Figure (4) TEM image for spherical silver nanoparticles (a); and the corresponding particle 

size distribution (b). 
 
    
   Figure (5) shows TEM image of spherical gold nanoparticles also prepared by using laser 
ablation for 5 min with an average diameter of 6 nm.  Spherical gold nanoparticles are being 
formed in various sizes as shown in Figure (5a). With an average diameter of 6 nm. Their 
absorption spectra were varying with time depending on size and shape of the nanoparticles. The 
Au nanoparticles size distribution constructed from TEM image is shown in Figure (5b).  
 
 
 

 
                                                  
Figure (5) Typical TEM image for spherical gold nanoparticles (a); and the corresponding 

particle size distribution (b) at 5 min pulse time. 
 
        
  The experimental results of silver and gold nanoparticles using Nd-YAG pulse laser ablation 
(λ=1064 nm, frequency = 6 Hz, at various periods (5min., 15min., and 30 min.) are listed in Table 
(1). 
 
 

a 

a b 

b 
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Table (1) Experimental results of silver and gold nanoparticles using  
Nd-YAG pulse laser ablation. 

TEM 
results 

 
Colloidal color 

 
Abs. peak at λ 

(nm) 
 

 
Time 
(min.) 

 
Metal  target 

-------- Pale yellow 405 5 Silver (Fig.2) 
Fig.4a Yellow (Fig.1a) 405 15 Silver (Fig.2) 
-------- Brown yellow 405 30 Silver (Fig.2) 

 Pale red 523 5 Gold  (Fig.3) 
Fig. 4b Red (Fig.1b) 370 and 523 15 Gold  (Fig.3) 
--------- Red 370 and 523 30 Gold  (Fig.3) 

 
 
CONCLUSIONS 
     The preparation method of silver and gold nanoparticles via using (1064 nm) Nd-YAG pulse 
laser has been successfully developed. The UV-Vis absorption results at different period of time 
which have been revealed the formation of surface Plasmon absorption for silver and gold 
nanoparticles at two distinguished peaks at 405 nm and 523 nm respectively. Spherical 
nanoparticles are formed with various sizes as characterized by TEM images. It was concluded 
that the absorption spectrum of silver and gold nanoparticles depends on their size and shape as 
mentioned previously. Also absorption peak intensities increases with increasing laser time 
ablation (30 min.> 15 min.> 5min.) 
 
REFERENCES 
[1]. Jiménez, E. K. Abderrafi, J. M.Pastor, R. Abargues, J. Valdés, and  R. Ibáñez ,  " A novel 

method of nanocrystal fabrication based on laser ablation in liquid environment " , Superlattices 
and Microstructures Vol. 43,issues 5-6, pp.487-493 (2007). 

[2]. Akbarzadeh, A. D. Zare, A. Farhangi, M. P. Mehrabi, D. Norouzian,S. Tangestaninejad, M. 
Moghadam and N. Bararpour , " Synthesis and Characterization of Gold Nanoparticles by 
Tryptophane ", American Journal of Applied Sciences, Vol. 6 ,No. 4, pp. 691- 695 (2009).  

[3]. Fei,  B. X. Zhang, W. Zheng, Z. Hua ,W. Qiang,H. Hao,  and X. J. Jing,   " Preparation and 
Size Characterization of Silver Nanoparticles Produced by Femtosecond Laser Ablation in 
Water " ,  Chinese. Phys. Lett.,Vol. 25, No.12,  pp.4463 ( 2008). 

[4]. Sileikaite,A. I. Prosycevas, J. Puiso, A. Juraitis, and A. Guobiene,   "Analysis of Silver 
Nanoparticles Produced by Chemical Reduction of Silver Salt Solution" ,  Materials Science , 
Vol.12, issue 4: pp.1319-1324 (2006). 

[5]. Courrol, L.  C. F. R. de Oliveira , and S.L.  Gomes , " A Simple Method to Synthesize Silver 
Nanoparticles by Photo-Reduction Colloids and Surfaces " , Vol. 305 , pp.54–57 (2007). 

[6]. Sadowski,Z. I.H.Maliszewska, B.Grochowalska,I.Polowczyk, and  T. Kozleck , "Synthesis of 
Silver Nanoparticles using Microorganisms" , Materials Science-Poland, Vol.26, No.2 ;pp.419-
424 (2008),  . 

[7]. Liao, D. C. C. Y. J.-C. Huang, K. H. Tseng, J. K. Lung, T. T. Tsung, W. S. Ka0, T. H. Tsai, 
T. W. Ceng, B. S. Yu, H. M. Lin and L.Stobinski, " Novel Technique for Preparing a Nano-

143 
 



Eng. & Tech. Journal , Vol.32,Part (B), No.1, 2014                            Preparation of Silver and Gold Nanoparticles by  
                                                                                       Using Nd - YAG Pulse Laser Ablation 

                                 
Sliver Water Suspension by the Arc-Discharge Method " , Rev. Adv. Master. SCI. Vol. 18 , 
pp.750-756 (2008). 

[8]. Xie,Y. R. Ye, and H. Liu, “Synthesis of Sliver Nanoparticles in Reverse Micelles Stabilized 
by Natural Biosurfactant, Colloids and Surfaces” A: Physicochem. Eng. Aspect. Vol. 279, 
pp.175-178 (2006). 

[9]. Pearce , S.R.J. S.J. Henleya, F. Claeyssensa, P.W. Maya, , K.R. Hallamb, J.A. Smith  , and 
K.N. Rosser, " Production of nanocrystalline diamond by laser ablation at the solid/ Liquid 
interface, Diamond and Related Materials " , Vol. 13 , pp.661–665  (2004). 

[10]. Tarasenko, N.V. A.V. Butsen, and E.A. Nevar, “Laser-induced modification of metal 
nanoparticles formed by laser ablation technique in liquids”, Applied Surface Science, Vol. 
247, pp. 418–422 (2005). 

[11]. Hu, J. Z. Wang and J. Li,  " Gold Nanoparticles with Special Shapes: Controlled 
Synthesis,Surface-enhanced Raman Scattering, and The Application in Biodetection " ,  
Sensors,Vol. 7,  pp.3299-3311 (2007). 

[12]. Huang, X. " Gold Nanoparticles Used in Cancer Cell Diagnostics Selective Photothermal 
Therapy and Catalysis of NADH Oxidation Reaction "  , Dissertation presented to the family 
,Georgia Institute of Technology (2006),    .   

[13]. Kang,  B. M. A. Mackey and M. AL-sayed , " Nuclear Targeting of Gold Nanoparticles in 
Cancer Cells Induces DNA Damage, Causing Cytokinesis Arrest and Apoptosis ",  Jour. of the 
American Chemical Society (JACS), Vol 132, issue 5, pp. 1517-1519 (2010). 

[14]. O’Brien, C.  "Nanoparticles Pose Mega Questions in Cosmetics " ,  Natual Foods 
Merchandiser (2009). 

[15]. Yuanyuang, L. J. S. Hermann, and X. Shunqing, (2010) " Gold Nanoparticle- Based 
Biosensors " Gold Bulletin, Vol.43,No1,pp. 29-41 . 

[16]. Thompson, D.T. " Using Gold Nanoparticles for Catalysis " , Nanotoday Vol. 2.issue 4, pp. 
40-43 (2007).. 

[17]. Pimpang, P. W. Sutham, N. Mangkorntong, P. Mangkorntong and S. Choopun  , " Effect of 
Stabilizer on Preparation of Silver and Gold Nanoparticle Using Grinding Method ",  Chiang 
Mai J. Sci. Vol 35, No. 2 : pp. 250-257 (2008). 

[18]. Kolwas and A.Derkachora ,  K. " Plasmonic abilities of Au and Ag spherical nanoparticales 
in terms of size dependent multipolar resonance frquncies and plasmon damping rates " , Opto. 
Electr. Rev. 18 (4) pp.429-437(2010). 

[19]. Bijanzadeh, A.R. M.R.Vakili , and R.Khordad, " A study of the surface plasmon absorption 
band for nanoparticles " , International J. of Sciences , Vol.7, No. 12, pp. 1943-1948 (2012) . 

[20]. Link, S. C.Burda , B.Nikoobakht, and M.A.El-sayed , " Laser-induced shape changes of 
colloidal gold nanorods using femtosecond and Nanosecond laser pulse " J. Phys. Chem. B 104, 
pp. 6152- 6163 (2000) . 

[21]. Binh , N.T. D.T.Ly , N.T. Hue , and L.T. Quyen , " Silver nanoparticales prepared by laser 
ablation and their optical characteristics " , VNUJ Journal of Science , Mathematics –Physics  
24 pp.1-5 (2008). 

 
 
 
 
 

144 
 


