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We report on the production of Ag nanoparticles (AgNPs) water solution, by means of a two-phase pulsed laser method, for the use in ophthalmological applications. The first phase of producing AgNPs > 20 nm consists in liquid laser ablation of a Ag target by

using the fundamental wavelength (λ = 1064 nm) of a Nd:YAG laser. In the second phase we reduced the mean size of as-obtained AgNPs and also adjusted the size distribution by additionally irradiating with the 3rd and 4th ultraviolet harmonics (355 and 266 nm) of

the same laser source. Our studies demonstrate that the most effective post-ablation treatment of initial colloids is represented by the consecutive irradiation with the 3rd and the 4th harmonics of the fundamental Nd:YAG laser wavelength. This way the synergistic

effect between the two mechanisms of AgNPs light absorption was induced. Using this two-step approach we fabricated AgNPs contaminant-free colloids with a size < 10 nm and a narrow size distribution having a SD=±1.6 nm. Toxic effect on fungal and bacteria

strains of the as-produced AgNPs was investigated. Considering the antimicrobial action, we therefore propose this procedure as a non-invasive method for ocular infections treatment and prevention.
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Fig. 1: Experimental set-up employed to 
fabricate the initial water colloids of AgNP

(First Phase)

Pulsed laser ablation under different irradiation regimes was applied to photofabricate Ag nanocolloids with controlled mean size and distribution, suitable for potential ophthalmological applications. To the best of our knowledge, a consecutive

application of the third and the fourth harmonics after the fundamental wavelength of a Nd:YAG laser source was for the first time investigated to this purpose. It proved efficient to initiate synergistic effects between consecutive application of the fundamental

and the harmonics (third and fourth ones) to the same Ag nanocolloidal population. Chemical-free AgNPs with a mean size of 5.4 nm and a very narrow size distribution (standard deviation of ~ 1.6 nm) was fabricated under the optimal experimental conditions -

consecutive laser irradiation of the water colloids of silver nanoparticles with 355 nm and 266 nm. Antibacterial action of AgNPs was explored with good results against Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus and Candida albicans. Ag

nanocolloids proved most efficient against Pseudomonas aeruginosa and Escherichia coli bacteria, for which full apoptosis was reached after five hours. The small size of the AgNPs allows for an expected efficient cure of intraocular infections. One should

emphasize upon the key role of laser pulse energy for narrowing AgNPs size distribution as a result of laser multiple irradiation. One should mention that all irradiations - i.e. for both initial fabrication of Ag nanocolloids but also for the next adjustment of their

size and size distribution (1064 vs. 355 and 266 nm) - were generated by the same Nd:YAG laser source. This means a procedure easy to informatize and automatize for low cost exploitation.
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Fig.3: a) Typical TEM micrographs, b) Particles’ size distribution histograms, c) SAED patterns of 
Ag colloids after the first phase (I) – initial colloid, and the 2nd phase (II) with 355 nm– after 85 
min, 266 nm (III) – after 40 min, and consecutive application of 355 (after 85 min) and 266 nm 

(after 15 min) wavelengths laser pulses, respectively - (IV).

Fig.4 Optical transmission spectra of AgNPs aqueous 
colloids: a) initial colloid after laser ablation with 1064 
nm and next irradiation with 355 nm after: b) 30 min, 

c) 50 min, d) 70 min, e) 85 min, f) 90 min.

Fig.5 Optical transmission spectra of AgNPs aqueous 
colloids: a) initial colloid after laser ablation with 

1064 nm and after next laser irradiation with 266 nm 
for: b) 20 min, c) 40 min, d) 50 min, e) 55 min.

Fig.6 Optical transmission spectra of AgNPs aqueous 
colloids: a) initial colloid after laser ablation with 1064 nm 

and the consecutive laser irradiation with 355 nm after: b) 
85 min, c) 90 min, followed by 266 nm for: d) 5 min, e) 10 

min, f) 15 min, g) 20 min

Fig.7 Antibacterial action of Ag NPs produced by the third mode 
of irradiation against Pseudomonas aeruginosa. The viable 

bacteria number decreased 10.000 times after the 2-nd hour, 
while full inactivation was reached after the 5-th hour

Fig.8 Antibacterial action of Ag NPs produced by the third 
mode of irradiation against Escherichia coli. Full 
inactivation was obtained after the 5-th hour.

Fig.9 Antibacterial action of Ag NPs produced by the third mode 
of irradiation against Staphylococcus aureus. The inactivation 

process started after 5 h. The number of viable bacteria 
decreased 100 times (viable microbes are below the minimum). 

Full inactivation was reached after 24 hours.

Fig.10 Antibacterial action of Ag NPs produced by the third 
mode of irradiation against Candida albicans. Full 

inactivation was obtained after 24 hours. The number of 
viable fungi decreased 31 times after 5 hours

The aim of this study is the preparation of silver nanocolloids suitable for use in ophthalmology using a two-steps laser procedure.
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Fig. 2: Experimental set-up for laser 
Irradiation of Ag nanocolloids (Second 

Phase)

Tab. 1: Numerical values of important technological 
parameters of the laser beam used in the different 

experimental phases
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