
 J. Theor. Appl. Phys., 2026; 20(3): 255-262 

 

Journal of Theoretical and Applied Physics 

(JTAP) 

https://doi.org/10.57647/jtap.2026.2018.0308 

Research Article 

Plasmonic Random Laser Based on Deformed 

Double Metallic Core Shell NPs 
 

Saddam Faliheh Haddawi*1 , Elaf A. Kadhem1, Fatemeh Gholami2 

 

1Department of Laser Physics, College of Science for Woman, University of Babylon, Babylon, Iraq 

2Magneto-plasmonic Lab, Laser and Plasma Research Institute, University of Shahid Beheshti, Tehran, Iran  

*Corresponding author: Shaddawi@yahoo.com 

 

Article History: 

Received: 

25 January 2026 

Revised: 

16 February 2026 

Accepted: 

24 February 2026 

Published Online: 

05 March 2026 

Published in Issue: 

30 June 2026 
 

©2026 the Author(s). Published by 

the OICC Press under the terms of 

the © CC BY 4.0, Creative 

Commons Attribution License, 

which permits use, distribution and 

reproduction in any medium, 

provided the original work is 

properly cited. 

Abstract 

In this study, the production and characterization of silver, core-shell gold-silver and core-shell silver-

gold nanoparticles, as well as the effect of a random laser with Rhodamine 6G gain medium by 

applying an external voltage, were investigated. These plasmonic nanoparticles were produced by 

laser ablation in liquid and pumped with 532 nm nanosecond pulse laser. By increasing the pumping 

energy above the threshold, the fluorescence spectrum of the plasmonic nanoparticle is amplified. 

Based on the results, narrow peaks emerged with a full width at half maximum less than 10 nm, with 

the number of spikes increased with FWHM about (0.42 and 0.34 nm) for Ag@Au NPs and Ag*@Au 

NSs, which is suitable for the manufacturing of compact and miniaturized random laser sources. 
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1. Introduction 

 

A random laser is an optical device that requires a gain 

medium and cavity to provide a feedback mechanism. Dye 

solutions are used as the gain medium, and multiple 

scattering also plays the role of cavities. Multiple scattering 

increases the photon's residence time in the medium, 

amplifies the light, and increases the intensity of the laser 

beam [1]. Depending on the type of this feedback, random 

lasers can be divided into two types: (1) random lasers with 

incoherent feedback (2) random lasers with coherent 

feedback [2]. In incoherent random lasers, when a particle 

is scattered, it will change the direction of propagation. In 

this type of laser, the path of light is open, which means 

that the scattered photon doesn't return to its original 

scattering position and escapes from the random medium 

[3]. Strong scattering in the active medium plays an 

important role in incoherent feedback. Multiple scattering 

increases the path length and then returns to the original 

point and forms a closed-loop so that the photons are 

trapped in a random environment and the amplification of 

the light occurs by the stimulated diffusion process. Laser 

spikes in the emission spectrum are the main features of 

this type of random laser [4, 5]. Different configurations of 

random lasers have been investigated so far, such as Dye 

solutions with dispersed nanoparticles [6], dye-polymer 
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films with embedded nanoparticles [7], dye-doped nematic 

liquid crystals [8], a photonic crystal fiber inserted with a 

dye solution and nanoparticles [9]. Metal nanoparticles can 

be used to improve the performance of random lasers [10-

11]. Metal nanoparticles have significant scattering cross-

sections that can effectively scatter light. These 

nanoparticles also have surface plasmon resonance (SPR), 

which can confine light close to the surface, activate the 

high gain for lasing and increase the light locally through 

SPR. The scattering of metal nanoparticles can be 

controlled by the type of nanoparticles, shape and particle 

size. Among metal nanoparticles, gold and silver 

nanoparticles have received much attention due to the 

absorption of surface plasmon (SPR) in the visible region 

and increasing the field amplitude [12, 13]. One of the 

effective methods to achieve coherent random laser and 

broadband scatterer is the use of core-shell nanoparticles 

[14, 15]. In this study, we produced gold NPs, silver NPs, 

Au@Ag, and Ag@Au core-shell NPs and in a new shape 

(Au*@Ag, and Ag*@Au core-shell NPs ) by laser ablation 

in liquid (LAL) method as scattering points in the gain 

media. We used the Rhodamine 6G (Rh6G) as a gain 

medium. The effect of external voltage on the deformation 

of nanoparticles and the increase in energy on their 

radiation spectrum on the performance of the random laser 

will be studied. 

 

2. Experimental methods 

 

In this report, we used different nanoparticles as our 

random laser scattering centers, which include: gold NPs, 

silver NPs, Au@Ag, and Ag@Au core-shell NPs. laser 

ablation method in the liquid used to produce spherical 

nanoparticles and their new shape by applying external 

voltage in 5 directions of the cell containing the target. 

When an external voltage is applied, the nucleus of an atom 

senses a force equal to the direction of the external electric 

field equal to Eq. A negatively charged electron cloud feels 

the same amount of force, but in the opposite direction to 

the electric field. As a result of the external force, the 

nucleus moves in the direction of the electric field until the 

external force applied to it is canceled by the force applied 

to the nucleus by the electron cloud [14]. This external 

voltage changes the shape of the sample from spherical to 

star (Au*@Ag, and Ag*@Au core-shell NSs). We used the 

first harmonic generation of the Q-switched Nd: YAG laser 

with a repetition rate of 10 Hz and a pulse width of 4 

nanoseconds with an energy of 66 mJ. Then a lens with a 

focal length of 15 cm and a mirror with an angle of 45 

degrees was used to focus the laser beam as shown in 

Figure (1). To investigate the effect of a random laser, the 

nanoparticles were combined with Rh6G dye solution and 

sonicated for 10 minutes. The dye solution was prepared in 

ethanol having a concentration of 10-5 M. after that 

prepared gain medium done by mixing (2 ml) from a fixed 

dye concentration Rh6G (1.5x10-5 M) with (1 ml) from 

each the noble metal samples, and the fabricated samples 

were stirred at room temperature (RT) in an ultrasonic bath 

for about 20 min to obtain the best homogeneity for these 

samples. Finally, for random laser action, it was used the 

second harmonic generation of the Q-switched Nd: YAG 

laser was (532 nm, 4 ns, 10 Hz). The reflected radiation at 

an angle of 45 degrees is transmitted to the spectrometer 

(Avantes) by optical fiber and from the spectrometer is 

connected to the computer with the interface wire as shown 

in Figure (2).  
 

 

Figure 1. Schematic of the experimental setup of laser ablation method 

 

 
Figure 2. Schematic of the experimental setup of the random laser system 
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3. Results and discussions 

 

3.1. Characterization of nanoparticles 

 

Figure (3.a) represents the images of the Ag nanostar which 

was prepared by the laser ablation technique in deionized 

water as a host medium.  

Colloidal Ag nanostar has been generated with sizes 

approximately (50 nm) which was checked by transmission 

electron microscopy (TEM), and the sizes were determined 

by image program, Ag*@Au and Au*@Ag core-shell 

nanostar have been used as scattering centers in a random 

medium containing Rh6G as the gain medium with average 

particle size for the core diameter (50 nm) and (10 nm) for 

the shell thickness as shown in Figure (3. b and c) 

respectively. The absorption spectrum of Au, Au *, Ag, 

and Ag * nanoparticles are shown in Figure 4-a. The 

absorption peaks of both Ag and Au nanoparticles are 

reduced after an external voltage is applied, and the peak 

SPR intensities of Au nanoparticles towards the longer 

wavelengths (red shift) from 526 nm for Au NPs to 538 nm 

for Au * at, and 402 nm for Ag NPs to 410 nm for Ag *NSs. 

The absorption spectrum of Ag@Au, Ag*@Au, Au@Ag, 

and Au*@Ag nanoparticles are shown in Figure (4.b) the 

black curve represents the absorption of Ag@Au core-shell 

NPs of the core size 50 nm and shell thickness 10 nm has 

a peak at 405 nm, while the red line indicates to the 

absorption peak of Ag*@Au core-shell NSs decreases with 

the redshift at the same size which has a peak at 413 nm, 

and for each of them observed the small peak SPR of Au 

shell thickness. The blue and green lines in the Figure (4.b) 

are the absorption peak of Au@Ag core-shell NPs and 

Au*@Ag core-shell NSs, respectively, also decreases with 

the redshift from 531 nm to 538 nm, and the peak SPR 

intensity of Ag NPs is not visible and the Au NPs effect is 

predominant. The absorption spectrum of Rh6G is shown 

in Figure 5 The best absorption spectrum of Rh6G was 

obtained at concentration 1 *10-5 M at 531 nm, and good 

overlap between the resonant wavelength and the Rh6G 

wavelength is the ideal way to achieve a low-threshold 

plasmon-based random laser, so this concentration will be 

adopted for random laser action. 

 

 
Figure 3. Shows TEM images of a) Ag*, b) Ag*@Au and c) Au*@Ag produced by laser ablation method with an external voltage 

 

  
Figure 4. Absorbtion spectrum of a) Au, Au*, Ag and Ag* b) Ag@Au, Ag*@Au, Au@Ag and Au*@Ag 
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Figure 5. Absorbtion spectrum of Rhodamin 6G 

 

3.2. Random laser 

 

In this section, we used Rh6G dye with concentration of 

10-5 M dispersed in ethanol with six different types of 

nanoparticles (Ag, Ag*, Ag@Au, Ag*@Au, Au@Ag, and 

Au*@Ag) as the gain medium. The random laser 

properties of these samples pumped by 532 nm have been 

investigated. As shown in the Figure (6. a-f) the scattering 

centers of these media demonstrate enough optical 

feedback, and the influence of the pumping energies on the 

emission spectra of these samples was prominent. For all 

samples at the lowest pumping energy 24 𝜇J, It is noticed 

that there is incoherent random laser emission appears, and 

gradually, as the energy of the laser pump increases, the 

number of photons in the sample increases, and allow to 

photons travel a long way and then return to the main point 

and form a closed loop, so the photons are trapped in a 

random environment, and multiple scattering occurs more 

frequently.  

In this case, reach to coherent random laser the peak 

emission spectrum has several discrete spikes that appear 

to reach less than 1 nm with the intensity increased.  

The Figures (6. a and b) show the random laser 

characteristics, and the data were collected in the Ag NPs 

and Ag* NSs samples. for Ag NPs At low pumping 

energies at 24 𝜇J, broad emission spectrum with a peak at 

556 nm, by increasing in the pump energy above the 

threshold in the Ag NPs, the emission spectra of the 

random laser become narrow together with an increase of 

the peak intensity to (23596 a.u.) with FWHM (13nm), also 

the spikes more clear and increase in number and this 

means the possibility of the emergence of the coherent 

random laser as shown in Figure (6. a). Where it was found 

from the Figure (6. b) that the emission intensity for 

Ag*NSs reaches (24259.33 a.u.) and the value of FWHM 

(11.7 nm) with enhance in the number of spike with 

FWHM less than 0.85 nm, due to an increase in the optical 

path in the Ag*NSs and confinement of emitted light by 

multiple scattering, Which results from the sharp edges of 

the surface of this sample.  

Thus the value of scattering mean free path (𝑙𝑠) will be 

reduced by changing the shape of NPs from (4.6 to 4.3 mm) 

for Ag NPs or Ag*NSs, respectively, and this parameters 

of mean free path for each sample had been calculated by 

the relation: 𝑙𝑠 =
T

ln
I0
I

 in each type of NPs by the cell 

thickness, T, the transmitted intensity of the solvent, I0 and 

the transmitted intensity of the solvent with Ag NPs or 

Ag*NSs, I. 

The Figure (6. c and d) study new kind of gain medium 

contain different shape core-shell with fixed thickness 

(Au@Ag NPs and Au*@Ag NSs) mixed with fixed 

concentration of Rh6G (10-5 M), so by this style, can 

enhance random laser emission with reduce threshold gain 

and FWHM. Where the analysis of results has been shown 

a quite different in the random laser properties with change 

samples type.  

Figure (6. c and d) gives the emission spectrum results of 

the random laser system for Au@Ag NPs and  Au*@Ag 

NSs). after the pumping energy increase above the 

threshold, observed that the emission spectrum for 

Au*@Ag NSs compared with Au@Ag NPs results where 

the emission peak increases from (18503 a.u. to 21124 

a.u.), and the FWHM decreases from 10.9 nm to 10 nm and 

number of spike increased with FWHM less than (0.78 and 

0.65 nm) respectively. as shown results, where it has been 

observed that the value of (ls) decrease by changing the 

shape of the core-shell NPs, and this behavior is more 

pronounced Au*@Ag NSs used as a scattering center, and 

the value of (𝑙𝑠) reaches to (3.8 mm), while the value in the 

Au@Ag NPs reach to (4 mm). This result is attributed to 

much large scattering cross section in the Au*@Ag NSs 

sample. 

again to improving the properties of the random laser by 

changing the shell of the scattering centers, the Figure (6. 

e and f) shows a different evolution in the emission spectra 

of the Au and Au* shell active media than that of the 

previous media which had been illustrated in Figures (6. a-

d ), The threshold gain could be reduced remarkably when 

the change of shell type and its shape.  

This will reduce the amount of light energy lost in the shell. 

So observed in these samples the value of the emission 

spectrum will be enhanced (19127 and 30890 a.u. ) for 

Ag@Au NPs and Ag*@Au NSs, also the FWHM more 

narrowed in the FWHM reach to (9.3 and 8.5 nm   ), the 

number of spikes increased with FWHM about (0.42 and 

0.34 nm), and observed that the value of the (𝑙𝑠)  is reduced 

by the Au and Au* shell sample to (3.4 and 2.9 mm), 

respectively.
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Figure 6. Emission spectra of (a) Ag NPs and (b) Ag* NSs(c) Au@Ag NPs and (d) Au*@Ag NSs (e) Ag@Au NPs and (f) Ag*@Au NSs 
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as it was observed that spikes emergence was related to 

where after the pumping energy above the threshold, in 

Figure (7. a) shows how the number of spikes has evolved 

by changing the shape and type the shell of the samples. It 

has been noted that their number of spikes with Ag@Au 

NPs sample is more than that in Au@Ag NPs samples, and 

also with higher intensity peak, due to investigate the 

effected of local field enhancement on lasing resonance in 

Au NPs shell. So the time of the stay of the photon inside 

the random medium will be longer with higher interactions 

and thus the possibility of amplifying it and obtaining a 

coherent laser output increases, and the same behavior goes 

back to the Ag@Au NPs and Ag@Au* NSs samples as 

shown in the Figure (7. b). In Figure 8 It is obvious that the 

threshold gain of Au*@Ag NSs is lower than that of 

Ag*@Au NSs because of its much larger scattering cross-

section of it. The lowest pump threshold occurred near the 

edge of the diffusive regime, corresponding to a scattering 

mean free path. Now we examined the output laser of six 

different samples at the same pump energy (66 𝜇J), in the 

Figure (9) shows how the number of spikes has evolved by 

changing the shell from Ag to Au, and observed the best 

result in the sample Ag*@Au NSs.  

As we mentioned in a previous section that Au shell have 

a much larger scattered cross section than that of the Ag 

NPs at the same dimensional (Figure 10). 
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Figure 7. Comparison of the radiation spectrum intensity of core-shell nanoparticles a) spherical b) with an external voltage 

 

 
Figure 8. Comparison of the radiation threshold intensity spectra of core-shell nanoparticles with an external voltage 
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Figure 9. Radiation spectra of nanoparticles at a maximum energy of 66 mJ 

 

 
Figure 10. Maximum radiation spectrum intensity according to the type of nanoparticles
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4. Conclusion 

 

In thid report, we produce plasmonic nanoparticles (Ag, 

Ag*, Ag@Au, Ag*@Au, Au@Ag and Au*@Ag) by laser 

ablation method. We investigated the random laser 

properties of these nanoparticles mixed with Rh6G dye (10-

5 M) as the gain medium by pumping a 532 nm nanosecond 

pulse laser. According to the radiation spectrum intensity 

diagrams, it was observed that by increasing the laser 

pumping energy from 24-66 𝜇J, the number of photons in 

the sample increases, and more scattering occurs more 

often, and the intensity of the radiation spectrum increases. 

In addition to increasing the laser pumping energy, 

applying voltage also improves the performance of random 

lasers in the core-shell nanoparticles by increasing the 

number of electrons and changing the sample size. 

Comparing the intensity threshold of the radiation 

spectrum of Ag *@Au and Au*@ Ag samples, we found 

that Ag*@ Au sample with threshold energy of 33 𝜇J has 

the highest intensity and best random laser performance. 
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