
V. Petrikaitė, Martynas Skapas, E. Stankevičius

Center for Physical Science and Technology, Department of Laser Technologies, Savanoriu Ave. 231, LT-02300, Vilnius, Lithuania

SYNTHESIS OF HYBRID GOLD-SILVER NANOPARTICLES FROM THIN 

BIMETALLIC COATINGS USING LASER ABLATION

Introduction

Experiment

Conclusions

Representative Publications

The principle of the synthesis of the

colloidal solution is shown in Fig.1. The targets

used consist of a glass substrate and a hybrid

100 nm coating composed of layers of gold and

silver in different ratios. Target is placed in water

or KCl salt solution (0,005 mol/L) and irradiated

by laser. When the laser fluence exceeds the

ablation threshold, In one laser scan, the entire

glass substrate is cleaned and the coating is

broken down into fragments – nanoparticles, that

spread through the liquid and form a colloidal

solution. The size of the nanoparticles depends

on the laser processing parameters or liquid. In

the experiment a nanosecond pulsed laser was

used, parameters for each film were the same:

the laser wavelength – 1064 nm, 300 µJ energy,

500 mm/s speed, 50 µm hatch, 3 W average

power and 10 kHz frequency. Spectra were

measured on a PHOTON RT UV-VIS-MWIR

spectrophotometer.

Fig. 1. Illustration of colloidal solution formation using 

laser ablation.

Fig. 2. Colloidal solutions of pure (0: 1 and 1: 0) and hybrid (1: 3, 1: 1, 3: 1) materials generated in H2O 

and KCl liquids.

Fig. 4. TEM images of pure silver NP generated in

water (a) and KCl solution (b), and pure gold NP 

generated in KCl solution (c). Average diameters:   

a) 24,7 ± 13,6 nm; b) 16,6 ± 5,5 nm; c) 18 ± 7,2 nm.

Fig. 5. TEM images of hybrid Ag–Au (a, b) and Au–

Ag (c, d) NP in water (a, c) and KCl salt solution (b, 

d). Average diameters: a) ~21 ± 11,2 nm; b) ~8,6 ±

3,7 nm; c) ~9,4 ± 3 nm; d) ~5,66 ± 1,7 nm.

Fig. 6. Extinction spectra of pure and hybrid nanoparticles. Particles generated: in water (a, c); KCl

solution (b, d).

Fig. 3. Colloidal solutions of pure and hybrid coatings photographed after 4 weeks.

This work analyses colloidal gold–silver solutions generated from thin films in water and KCl

solution using laser ablation. The LSPR of hybrid Au-Ag nanoparticles were obtained in a wider visible

spectrum between the peaks of pure gold and silver nanoparticles. It has been ascertained that the

incorporation of a gold layer into the silver film weakens the particle absorption and promotes redshift.

Moreover, similar thickness Au and Ag layers in the film make nanoparticles with wide absorption spectra

due to the large dispersion of particle sizes. The strongest LSPR was observed in nanoparticles

generated from Ag 75 nm- Au 25 nm coating at ~407.98 nm in water (extinction 89.4%) and at ~404 nm in

salt solution (extinction 89.6%). Nanoparticles have been shown to be dependent on solution and stability.

The KCl solution provides stability, reduces the dispersion of particle sizes. The results of the stability test

prove that gold nanoparticles are more stable over time than silver particles. Moreover, the small amount

of KCl salt provides stability and reduces the dispersion of particle sizes of the hybrid particles. Over time,

the extinction spectra shifts toward the longer waves, enhancing absorption and scattering.

Results

Fig. 7. Stablity test: extinction spectra of pure Ag (a), Au (b) and hybrid (c, d) nanoparticles generated in 

water and KCl solution fresh and aged for 4 weeks. 
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Gold and silver nanoparticles are known for light absorbance, high electrical and thermal

conductivity, chemical stability, catalytic functions, etc [1]. These physicochemical properties are caused

by their nano-size and high surface area to volume ratio. Due to these characteristics, they are applied in

a variety of technologies, including advanced catalysts, treatment and diagnosis of cancer, targeted

delivery of drugs [2], SERS, electrochemical sensors, biolabeling, and components of optical and

electronic devices whose properties depend on plasmonic vibrations [3]. Small change in size, dispersion,

shape, absorbance, synthesis methods and other properties of nanoparticles affect the localized surface

plasmon resonance (LSPR) differently [4]. The optical properties of gold and silver nanoparticles depend

on it. Visual indicator of LSPR is unique color, that is uncharacteristic for bulk metals and atoms.

This study analyses morphology and plasmonic properties of the gold, silver and gold-silver hybrid

nanoparticles generated from thin films by laser ablation in water and KCl solution.
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