
Ibrhim                                                     Iraqi Journal of Science, 2017, Vol. 58, No.3C, pp: 1651-1659 

              DOI: 10.24996/ ijs.2017.58.3C.8 
 

______________________________ 
*Email: dr.issamiq@gmail.com 

1651 

Synthesis and Characteristics of Ag, Cu/Au Core/Shell Nanoparticles 

Produced by Pulse Laser Ablation 

  
Isam M. Ibrhim 

Department of Physics, College of Science, University of Baghdad, Baghdad, Iraq. 

 

Abstract  
     Colloidal dispersions of mono Au, Ag , Cu and bimetallic Ag/Au  and Cu/Au  

core/shell nanoparticles are synthesized  by pulsed laser ablation of metals targets 

immersed in 5 ml distilled water (DW).  Surface Plasmon resonance (SPR) and 

particle sizes are characterized by UV-VIS and HRTEM, the  X-ray diffraction 

shows the structure of core/shell. The Surface Plasmon resonance of the produced 

nanoparticles solutions for silver nanoparticles about 402 nm and copper 

nanoparticles about 636 nm. While for the core-shell observed two peaks of SPR,  

Ag/Au core/shell at (406-516) nm, and Cu/Au core/shell observed one peak at 

565nm,  because the region of gold and copper close together. The shape and 

particle size have been confirmed by HRTEM measurement, average size is around 

12nm for Ag NPs, and 14nm for Cu NPs, while the average size is around 11nm for 

Ag/Au core/shell NPs and around 13nm for Cu/Au core/shell NPs. Zeta potential 

(ZP) results proved the silver nanoparticle is more stabilizing (-23.11 mV) than 

other noble metal nanoparticles,while Ag/Au core/shell is more stabilizing(-

27.77mV) with comparison with  Cu/Au core/shell which less stabilizing. 

 

Keywords: Noble metal nanoparticles (NMNPs), surface Plasmon resonance (SPR), 

pulse laser ablation in liquid (PLAL), Zeta Potential (ZP),  
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 الخلاصة
( قشرة/لب) Cu/Auو  Ag/Auوالمعادن الثنائية  Cuو  Au ،Agالسائل الغروي للعناصر تم تحضير      

من الماء المقطر . تم اجراء  5mlبطريقة الليزر النبضي لاقراص هذه المعادن المغموره في للجسيمات النانوية 
، وكذلك قشرة(/لايجاد التركيب البلوري ل)لبوفحوصات الاشعة السينية   UV-VISفحوصات طيف 

لحساب حجم الجسيمات وكذلك ايجاد سطح   ((HRTEM مجهر الالكتروني النافذ ذو الدقة العاليةفحوصات ال
ولجسيمات النحاس  402nmلفضة حوالي لجسيمات ا كان قمة البلازمون الرنيني.  (SPR)البلازمون الرنيني

عند حيث كانت  )لب/قشرة( Ag/Au. بينما كانت هناك قمتين للبلازمون الرنيني. ل 636nmالنانوية  
(406-516nm) ولCu/Au  )565كانت هناك قمة واحدة عند )لب/قشرةnm  وذلك لكون قمة النحاس

والذهب قريبة من بعضها . شكل وحجم الجسيمات النانوية تم تاكيدها بواسطة المجهر الالكتروني النافذ ذو 
وكان الحجم  14nmولجسيمات النحاس  12nmالدقة العالية حيث كانت معدل حجم الجسيمات للفضة هي 
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جهد زيتا  فحص . 13nmهي )لب/قشرة(   Cu/Auبينما كانت ل )لب/قشرة(     Ag /Auل  11nmحوالي 
(Zeta potential) ت ان جسيمات الفضة النانوية اكثر استقرارا اثب(-23.11mV)  من بين العناصر النانوية

 Cu/Auبالمقارنة مع  (27.77mV-)اكثر استقرارا )لب/قشرة(   Ag/Auللمعادن بينما كانت للمركب 
 النانوية. )لب/قشرة(  

Introduction  

     The synthesis of bimetallic nanoparticles has become so important in present times due to its 

diverse applications of nanotechnology. Particularly most of the bimetallic nanoparticles are focused 

to use in catalysis, plasmonic, magnetic, sensors, and many other applications. Colloidal dispersions of 

bimetallic nanoparticles have garnered a lot of attention in recent years, particularly in the areas of 

optoelectronic applications and catalysis [1-5].  

     Bimetallic nanoparticles (BMNP) have excelled monometallic nanocrystals owing to their 

improved electronic, optical and catalytic performances [6-8]. Nano-size Au particles have attracted 

lots of attentions due to their superior physical and chemical properties which are applied in many 

fields such as optical [9], catalysts [10], and biomedical materials [11]. There are notable synthesis 

methods [12-15] to control size and structure of Cu, Ag and Au nanoparticles, as these geometric 

factors are considered to significantly affect their properties. In this part, we only discussed the 

spherical structures of Cu, Ag /Au and their core/shell. 

     In Cu, Ag/Au case, the bulk Cu, Ag and Au are soluble at all compositions. But the structure of Cu, 

Ag/Au nanoparticles depends on the preparation methods. The structure might be the core shell, alloys 

or other morphology. Energetically favoring core/shell structure is with Au covering the core of Cu, 

Ag whose reverse core/shell structure is not stable and may transform back at a certain temperature. 

[16]. 

     The Advantages of Au shell according to lots of the benefits from the core-shell nanoparticles, we 

proposed that Cu/Au and Ag/Au core-shell nanoparticles can achieve high activity and stability as well 

by controlled well on their geometric and electronic properties. The inner core can increase the amount 

of Au and provide large surface area. This technique is used not only for bio-applications [10, 17 ] but 

for electrochemical reaction observations [18-20]. 

     In this paper we used the method of pulse laser ablation and also called dispersion method to 

prepare mono metallic Cu, Ag, Au and bi-metallic Cu/Au, Ag/Au core/shell nanoparticles, it is 

removal of material from a solid target by incidence of laser light. The Zeta potential (ZP) utilizes to 

determine the stability of colloidal and the magnitude of the zeta indicate the degree of electrostatic 

between similar charged particles in dispersion. 

Experimental work 

     Cu, Ag and Au nanoparticles were produced by laser ablation of a Cu, Ag and Au targets (diameter 

= 1.5 mm, thickness = 0.5 mm, 99.99% immersed in a vessel filled with 5 mL of distill water (DW). 

The target irradiated vertically by a Q-switched Nd- YAG laser (DIAMOND-288 pattern EPLS), with 

wavelength (λ = 1064 nm) duration time at 6 Hz. The laser beam was focused by a focal length 12cm), 

subsequently, we put the pure solution with different metals and re-irradiating by pulsed Nd-YAG 

laser, the spot diameter of the focused laser beam was 4 mm.    The experimental setup is shown 

schematically in Figure-1.  

     The UV-Vis absorption spectra of colloids were recorded by a spectrometer (type –Metertech SP-

8001). A high resolution transmission electron microscope HRTEM (CM 30, Philips-Germany) was 

employed to study the structure of nanoparticles and to know the size of nanoparticles.  The crystalline 

structure was examined by X-ray diffractions using (Philips PW) X-ray diffractometer system .The 

zeta potential measurement were carried out using a Zeta Plus (Brookhaven Instruments Corporation 

,USA). 
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Figure 1-Pulse laser ablation in liquid system. 

 

Results and Discussion  

Absorption of Metals and Core-Shell Nanoparticles 
     Figures- (2, 3) show the absorbance spectra of Ag, and Cu NPs, by used laser power 400mJ and 

200 pulses. The individual colloids, shows the surface Plasmon peaks (SPR) corresponding to the 

monometallic counter parts. The SPR peak position is at (402nm), (636nm) of Ag and Cu NPs 

respectively. 

 

    Figure 2- Optical absorption as a function        Figure 3-Optical absorption as a function    

    of wavelength for Ag NPs                                of wavelength for Cu NPs 

                                                           

     Figures- (4, 5) report the extinction spectra of Ag/Au core/shell and Cu/Au core/shell respectively. 

The Plasmon band is blue-shifted with mixed core/shell of Ag/ Au, this is may be due to the re-

irradiation of Ag colloid during gold nanoparticles preparation causes of the duplicated division of Ag 

and Au nanoparticles. A physical mixture of the individual colloids, however, shows two surface 

Plasmon peaks corresponding to the monometallic counter parts. Formation of bimetallic dispersions 

depends on the kinetics and thermodynamics of reduction of individual components. The stability 

value for Au is expected to be close to that of silver for complete formation of the Ag/Au metallic 

colloid [21]. It is observed that both the metals are present with an enrichment of Au on the surface 

which it is clear in the second peak of Figure- 4. For Cu/Au core/shell nanoparticles Figure-5 

indicating one peak appeared close to the two regions of Cu and Au. The SPE reduced and the one 

peak at 560 nm appeared because of the proximity of regions. 
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Figure 4- Optical absorption as a function of wavelength for Ag/Au NPs. 

 

 
Figure 5-Optical absorption as a function of wavelength for Cu/Au NPs. 

 

X-Ray diffraction analysis 

     Figure-6 shows the structure of Ag NPs which has a polycrystalline structure and cubic phase. The 

(111), and (200) planes which located that peaks at (2θ=37.93
◦
, 44.03

◦
) for Ag NPs agreement with the 

JCPDS standard card No. (#96-901-3049), Au and Ag have very similar lattice constants and hence 

their d and 2values lie very close to each other except at 2 =63.98
◦
 and 78.02

◦
 which corresponding 

to (220 and 311) for Au and Ag respectively. There is no lattice mismatch since the Au and Ag have 

very similar lattice parameters. In the case of Cu/Au core/shell all reflections are similar to 

monometallic Cu and Au nanoparticles. Figure-7 shows two a broad band at 42.47
o
 and 49.41 (2) that 

can be attributed to the (111) and (200) crystallographic planes of Cu nanoparticles, the Cu NPs 

agreement with the JCPDS standard card No. (#96-901-3024). The peaks (111), (200),(220) and (311) 

planes that peaks at (2θ=38.20
◦
,44.20

◦ 
,63.98

◦
 and 78.02

◦
) for Au NPs which agreement with the 

JCPDS standard card No. 96-901-2431. 
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Figure 6- XRD Spectrum of Ag/Au NPs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 7- XRD Spectrum of Cu/Au NPs 

 

2- HRTEM and Size Distribution of Ag, Cu and the core /shell NPs 

     The High Resolution Transmission Electron Microscopy (HRTEM) images were obtained for the 

samples in order to study the size distribution of the produced particles. Figures- (8, 9) show the 

histogram figures and size distribution of Ag and Cu NPs respectively, observed from these images 

that the average Ag NPs is around 12 nm, narrow distribution for Cu NPs that possess particle size 

around 14nm. Figures- (10-11) show the HRTEM images and size distribution of Ag/Au core/shell 

and Cu(core)-Au(shell) NPs respectively, where the average of Ag/Au core/shell NPs is around 11 nm, 

and average size is around 13nm for Cu/Au core/shell NPs. It is clear that the smallest particles are 

obtained for Au/Ag, but in all the cases we found aggregates smaller than 15 nm. 
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             Figure (8) HRTEM image and size distribution of Ag nanoparticles 

 

 

 

 

 

 

     

                                                                                                               
Figure 9-HRTEM image and size distribution of Cu nanoparticles 

         

       
           Figure 10- HRTEM image and size distribution of Ag/Au core/shell nanoparticles    
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Figure 11- HRTEM image and size distribution of Cu/Au core/shell nanoparticles. 

 

4- Stability of Nanoparticle Solution 

     It is well known that in practice the different configurations of nanoparticles coexist in a sample 

because not in all of the cases the clusters would be in the minimized energy configurations [22]. 

However, an important parameter that are included in this study is the atomistic distribution of the 

elements, inducing a significant difference on the electronic structure, which has a direct influence 

over the chemical and physical properties, as can be observed by a simple inspection of frontier orbital 

distributions (and values) for Ag/Au core/shell and Cu/Au core/shell structures. Figures- (12 and 13) 

show the results of Zeta potential measurements for the minimized energy configurations of Ag, Cu 

and Ag/Au , Cu/Au core shells. The figures include the geometry optimized model and the 

corresponding electrostatic potential distribution for the structures: Ag and Cu nanoparticles, Ag/Au  

and  Cu/Au core shells, zeta potential values of Ag, and Cu NPs is  -23.11mV, -22.27mV respectively. 

Results indicate the silver nanoparticle is more stability of others metals nanoparticles. Figure- (13) 

shows zeta potential values of colloid Ag/Au core/shell and Cu/Au core/shell which are -27.77mV and  

-17.28mV respectively. Note when mixed the noble metal (core/shell) dominant of stability Ag/ Au 

core/shell as shown in their values, while the results indicated lower formats coverage at the same 

applied potential for the Cu/Au core/shell nanoparticles than the Cu nanoparticles, suggesting an 

efficient removal of these intermediates probably due to the strong electronic coupling within these 

nanoparticles. 

           
      

 

                 

Figure 12- Zeta potential of stability in DI water of (a) Ag NPs (b) Cu NPs. 

(b) (a) 
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    By pulse laser ablation technique we prepared Ag, Cu and Ag/Au, Cu/Au core/shells NPs in  

Conclusions 

     distilled water. HRTEM images proved the Nano size for these pure noble metals NPs and core-

shell metals NPs with spherical shape. From ZP results show that the colloidal of Ag NPs is the most 

stabilizing than other noble metals, While Ag/Au core/shell is the most stabilizing than other 

core/shell metals NPs and Cu/Au core/shell is the most aggregation. Coating these nanoparticles with 

gold nanoparticles as a shell makes them useful in medical applications for getting high heat capacity 

that enables them absorb CO2 laser that used in the field of cancer therapy. 
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