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Abstract 

Gold-silver (Au-Ag) core-shell nanocomposites were successfully synthesized via 

pulsed laser ablation (PLA). Similarly, graphene oxide (GO) nanosheets were prepared 

from graphite in pure distilled water via (PLA) technique. GO nanosheets were decorated 

with (Au-Ag) core-shell by mixing 10 ml of (Au-Ag) with 20 ml of GO.  The loading of 

the core-shell and the morphology of (Au-Ag) on the GO were examined using 

Transmission Electron Microscopy (TEM) which showed that the (Au-Ag) core-shell was 

decorated on a GO sheet. Electron Diffraction X-ray (EDX) was used to determine the 

percentage of the decoration in the prepared samples. The GO sheets and deposition of 

(Au-Ag) core-shell on GO were also analyzed using UV-visible absorption spectra. These 

results revealed that (Au-Ag) @GO has all the characterization peaks of the GO and (Au-

Ag) core-shell. Using the optical absorption spectra, the absorption coefficient (α), 

refractive index (n), and optical conductivity (σ opt) were calculated for the prepared 

samples which increased by adding (Au-Ag) to the GO sheet.  The optical properties of 

(Au-Ag) @GO make it an excellent candidate for photonic applications. 
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1. Introduction 

Because graphene, for instance, contains a single sheet of sp2 

hybridized carbon atoms densely packed into a 2D honeycomb crystal 

lattice, it was also considered to be a unique type of 2D material [1, 2] . Its 

remarkable qualities, such as its greater electrical, thermal, and mechanical 

facilities, high surface area, and intricate surface features, have attracted the 

attention of the scientific community [3–5] . The zero-band gap 

classification of graphene as a semiconductor restricts its use in photonics, 

optoelectronics, photodetectors, and photovoltaic energy storage [6] .To 

increase the spectrum of applications and enhance graphene's qualities, 

Graphene sheets have been successfully decorated with a range of 

nanoparticles. Some researchers have already adsorbed SnO2 on graphene to 

produce a SnO2-graphene composite with enhanced photovoltaic 

performance [7].By catalytically creating TiO2-graphene nanocomposites, 

Cheng et al. enhanced the catalytic properties of graphene [8]. 

There has been a lot of interest in the integration of GO with Nobel 

metals (NPs), like Ag and Au [9–11] .Special characteristics including 

optical, biological, and thermal issues made these attempts challenging [12–

13].As a highly efficient and broad-spectrum bactericide, (Au-Ag) 

nanocomposites have been used. The (Au-Ag) @GO nanocomposite can 

reduce the recombination of electron-hole pairs to increase its photo-

catalytic activity. In biomedical applications, the (Au-Ag) is unique because 

of surface plasmon resonance (SPR), which is highly reliant on nanoparticles 

(NPs), especially as an anti-tumorigenic and antibacterial agent. It also 

effectively absorbs light within the visible spectrum[14].Many people 

effectively decorated (metal or metal oxide) on graphene sheets and 

examined the features of these unique nanocomposites. A.R. Sadrolhesseini 

et.al synthesized Silver Nanoparticles in Graphene Oxide and the Thermal 

effectivity of nanocomposite [11]. Jin et al. described how Pd nanoparticles 

are formed and adhered to thermally exfoliated graphene sheets suspended 

in a solvent in situ, therefore decorating the graphene sheets [15] .Gaboardi 

et al. developed a two-step, oxygen- and water-free chemical procedure to 

create nickel-decorated thermally exfoliated graphene oxide[16]. Khalid et 

al. used a low-temperature hydrothermal technique to adorn graphene sheets 
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after synthesizing nitrogen-doped TiO2 Nanoparticles via the sol-gel method 

[17] . 

One of the most effective, stable, and sustainable methods for creating 

nanostructure materials is pulsed laser ablation. , the process's relative 

simplicity, and the lack of chemical reagents, which can be hazardous and 

detrimental to applications. The basis of this method is the generation of 

laser pulse trains within any liquid medium [18-19] . 

 The development of novel, efficient materials with improved 

properties is essential, since research on optical material applications is still 

in its early stages [20].Improving optical properties (optical band gap and 

refractive index) is the main goal of assessing optoelectronic materials [21].. 

To investigate structural and optical properties, we decorated GO with 

(Au-Ag) nanocomposites to produce (Au-Ag) @GO in this work. The 

primary goals of this work are to synthesize (Au-Ag) nanocomposites and 

examine how GO influences their structure and optical characteristics. (Au-

Ag) and (Au-Ag) @GO nanocomposite were investigated via, EDX, TEM, 

and UV-visible spectroscopy. 

2. Experimental 

2.1. Synthesis of (Au-Ag) @GO Nanocomposites  

We employed a very pure gold (Au) and silver (Ag) metal plate in our 

investigation. (cleanliness 99.99% according to Sigma Aldric) thickness of 2 

mm, which was employed to create the (Au-Ag) core-shell by the laser 

ablation method [11,19]. The Au rod was fixed at the bottom of 30ml of 

distilled water and focused by the Q-Switched Nd: YAG (Quanta-Ray) laser 

beam pulsed for five minutes, each pulse lasting eight nanoseconds, As 

shown in Fig. 1a, a lens with a focal length of 20 cm was used to focus light 

at a wavelength of 1064 nm and with a frequency of 10 Hz on the surface of 

the Au target [22].. The target was sterilized for 30 minutes in an ultrasonic 

bath, afterward sanitized with ethanol and distilled water, and then fixed 

18  mm below the distilled water surface. A target with a thickness of 2 mm 

was put on the bottom of a vessel, including 30 ml of distilled water. Then, 

the Ag plate was immersed into 30 ml of Au NPs solution and irradiated by 
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Laser as seen in Fig. 1b. At the ambient temperature, the ablation procedure 

was performed and (Au-Ag) Nanocomposites were formed after 80 minutes. 
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Fig. 1. Schematic set-up for laser ablation of (a) (Au) NPs, (b) (Au-

Ag) core-shell, (c) GO sheet, and (d) (Au-Ag) @GO nanocomposites 

 
 

      Fig.1c shows the Incident laser on the graphite target. GO was prepared 

using the same production from graphite target and the production of 

nanosheets in distilled water was confirmed by observing a change in color 

during the ablation process [23]. 

        The (Au-Ag) @GO nanocomposites were prepared by mixing 10 ml of 

(Au-Ag) with 20 ml GO in DI water, then probe sonicated for 60 min at 600 

Watt. Finally, the obtained (Au-Ag)  @ GO nanocomposites were dispersed 

in distilled water as seen in Fig. 1d. 

2.2. Characterization Techniques 

 A transmission electron microscope (TEM), model Joel-JEM-2100, 

operating at 200 kV, was used to determine the TEM images of the 

materials. Using a twin beam spectrophotometer (JASCO -670), the 

materials' UV-Vis absorption spectra were determined. The JOEL -JSM 

Model 5600 Energy Dispersive X-ray (EDX) 

 

  

 



Mira Tawfik  et al.                                                                                    123                    

 
 

3. Results 

3.1. TEM Analysis and EDX  

The (Au-Ag) and (Au-Ag) @GO nanocomposite samples were 

analyzed by TEM examination at different magnifications, as illustrated in 

Fig. 2.  to determine the particle size and shape. 

Fig.2(a-c) shows (Au-Ag) core-shell in a semi-spherical morphology 

with an around average particle size ∼of 22.4 nm. The main cause of 

nanoparticle agglomeration is the combination of small and high surface 

energy particles. Fig 2. (d-f) illustrates the (Au-Ag)@GO hybridization 

composite's TEM picture.; The two-dimensional graphene oxide (GO) sheets 

decorated with (Au-Ag) comprise the hybrid nanocomposites. It illustrates 

that a sizable portion of (Au-Ag) have the regular shape of spheres and 

within the range size of 18.4 nm are decorated on GO sheet which acts as a 

stage. Furthermore, from the particle size distribution, Fig.2(g,h), the 

average particle sizes are 22.4 nm for (Au-Ag) and 18.4 nm for (Au-Ag) 

@GO. The (Au-Ag) growth is impeded by the GO sheet, and the size of the 

particles also gets smaller. This is consistent with the literature[24,25]. 
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Fig. 2. TEM images and histogram (Au-Ag)  and  (Au-Ag)@GO. 

 

 
Fig. 3. EDX of (Au-Ag) @GO nanocomposites 

 To confirm the existence of (Au-Ag) in the GO sheet, Fig. 3 displays 

the outcomes from the EDX analysis. of (Au-Ag) @GO nanocomposites. It 

displays the ratios of the elements carbon (C), oxygen (O), gold (Au), and 

silver (Ag), where the GO is denoted by the elements C and O. 
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3.2.   Optical properties 

Fig. 4 illustrates the absorption spectra of the (Au-Ag) and (Au-Ag) 

@GO samples. 

 
Fig. 4. The absorption spectra for the synthetic samples' (Au-Ag) and 

(Au-Ag) @GO  

The UV-visible absorption bands of the samples are displayed in 

Fig.4. Clear absorption bands are seen for (Au-Ag) @GO at 240 nm and 425 

nm, which correlate with the (Au-Ag) core-shell and GO (n-π* (C=O bonds) 

transitions, respectively[23,26] .As shown the absorption edge located in the 

visible region, which indicated the lower bandgap value of the prepared 

samples. Adding the GO to the (Au-Ag) core-shell clearly causes the 

absorption spectra to rise and shift toward longer wavelengths. The addition 

of GO to the (Au-Ag) matrix results in the redshift at the absorption edge. 

Because graphene has great electron mobility and restricts the recovery of 

electron holes, The absorption efficiency of the (Au-Ag) core-shell was 

improved by the use of graphene [1]. Furthermore, the GO increases the (Au-

Ag) visible light activity. Due to the GO sheets, the (Au-Ag) composite is 
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able to increase energy absorption in the UV-visible range, It is beneficial 

for solar panels and other optical applications[28]. 

In the visible region, clearly e is about 416 nm and 425 nm for (Au-

Ag) and (Au-Ag) @GO composites, respectively. The following formula 

was used to determine the optical bandgap Eg , Eg=1240/λmax. The Eg 

values are 2.981 eV and 2.917 eV for (Au-Ag) and (Au-Ag) @GO, 

respectively. A reduction in Eg corresponds to the localized states generated 

in the restricted region as a result of GO sheet flaws [28].Optical band gap 

may have changed because of the irregular distribution of flaws in GO 

sheets, which results in irregular distribution in sp2 carbon islands[24,29]. 

      

 Fig. 5a illustrates the relationship between the wavelength and the 

extinction coefficient. The extinction coefficient (K=α/4π) is calculated as  

(α =2.302/x)  and x is the thickness of the plate which we used 1cm. 

Furthermore, the material coefficient (K)  increases as a result of the 

proportional relationship with the absorption coefficient[2]. 

 

  

 Fig.5. Graphs of Extinction coefficient  (a) and refractive index 

(b)  vs. the wavelength for the synthesized (Au-Ag) and (Au-Ag) @GO 

samples. 

 

It is clear that adding GO sheets to the matrix decreases the amount of 

light lost through scattering and also raises the extinction coefficient. In 
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addition to this, the material's reflectivity index rises according to its density, 

which reduces the amount of light it transmits and increases the amount of 

light it scatters. Fig. 5b displays the relationship among the refractive index 

against the light wavelength for (Au-Ag) and (Au-Ag) @GO. The refractive 

index provides a useful tool for industrial applications by indicating a 

material's reflection. As previously mentioned, when GO is added to the 

matrix, the material's refractive index rises. The size of the crystallites 

decreases, the surface area grows, and the density likewise rises when the 

GO gets mixed into the (Au-Ag). As the consequence, both the material's 

reflectivity and refractive index increase [2]. 

         One fundamental property of the material is the complex 

dielectric constant, and it consists of two parts.: real () imaginary (), as  

the equation showswhich below [21] 

                      

The real part () shows how light is distributed throughout the 

material, and the imagined part () shows how energy is absorbed due to its 

motion of the dipole moment [21],  

                

               

  

 

Fig .6. Graphs of (a)  and (b)  vs. h  for the synthesized (Au-Ag) 

and (Au-Ag) @GO samples. 



Egypt J. Solids, Vol. (46) (2024)                                                             128                     

Fig. 6 shows how both variables and, depend on the incident photon 

energy. It is evident that when the GO additions to the(Au-Ag) 

nanocomposite grow, so do  and  

It is clear that the behaviour of the  with refractive index and the    

with k are comparable.  

Also, the value is higher than that of . Growing the GO additives to 

the Au-Ag nano composite leads to a shift in polarization, which reduces the 

distribution of energy and produces high   and low  values. 

 

Fig.7. The variation of opt. with (h ) for the synthesized (Au-Ag) and 

(Au-Ag) @GO samples. 

A material's optical conductivity (opt)) indicates how the induced 

current density affects the electric field produced at random frequencies 

[3]
.
.Electron excitation is produced by the motion of free charge carriers as a 

result of the electromagnetic photon beam, which starts optical conductivity. 

Moreover, this parameter can be calculated using the relationship that 

follows[3,4]. 

     
   

  
 

where (c=3108 m/sec) is the speed of light in free space. The 

relationship between  opt. And the energy of incoming photons is seen in 

Fig. 7. 
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It is evident that the opt. grows as the GO additions to the (Au-Ag) 

composite increase. This could be because of the rise in α and n values of the 

material with added GO to the (Au-Ag) composite. The excitation of 

electrons by incident photons results in increased optical conductivity at 

high photon energy. 

Conclusion: 

 (Au-Ag) core-shell and GO sheets were successfully synthesized by 

pulsed laser ablation (PLA) technique. The (Au-Ag) @GO nanocomposites 

were prepared by mixing (Au-Ag) with GO in DI water. TEM analysis 

showed that the (Au-Ag) core shell was decorated on a GO sheet. EDX was 

used to determine the percentage of the decoration in the prepared samples. 

The comprehensive analyses conducted showcased the influence of GO 

sheets on the structure of (Au-Ag) nanocomposites and their optical 

parameters. The size of the (Au-Ag) core-sell is decreased from 22.4 nm to 

18.4 nm due to the GO sheet which hindered the growth of the (Au-Ag) 

core-shell.  The absorption coefficient (α), refractive index (n), and optical 

conductivity (σ opt) increased by adding (Au-Ag) to the GO sheet.  The 

observed band gap aligns well with the range of the Solar System. Finally, it 

can be said that (Au-Ag) @GO nanocomposites are an ideal candidate for 

many uses, such as solar cells. 
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