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Annomayun. Paboma noceswena nOUCKy ORMUMATBHOZ0 MemoOd QYHKYUOHATUZAYUU MEMATIUYeCKUX
MUMAHOBLIX NOONONCEK HAHOUACMUYAMU cepebpa 01 PoOpMUposanus anmubakxmepuaibHozo unmepgeiica Ha

NnOBEPXHOCMU IKCNEPUMEHMATbHbIX 06pa3u06.

Introduction. Pure titanium is commonly used as implants in both dental and orthopedic clinics because
of its biocompatibility and mechanical properties [1]. It is commonly known that an implant may be rejected by
the human body. Moreover, a wide range of local tissue reactions, in particular inflammation, giant cell
formation and fibrosis can be induced. A promising solution to this problem is fabrication of an antibacterial
bioactive coating on the implant surface, which allows one to avoid rejection and speed up the treatment and
recovery process [2]. A good way to overcome this challenge is functionalization of implant surface with silver
nanoparticles (AgNPs) as antibacterial agent. The remarkable mechanism of the antimicrobial activity of AgNPs
is connected with the formation of free radicals and consequent free-radical-induced oxidative damage of the cell
membranes of bacteria [3, 4]. The purpose of these bioactive surfaces is to disrupt the metabolic machinery of
the microbes or to prevent bacterial adhesion to the implant and, consequently, the development of biofilm [5].
Among the existing methods, the chemical methods have been mostly used for production of AgNPs. Chemical
methods provide an easy way to synthesize AgNPs in solution [6, 7]. The most recently available methods for
the fabrication of antibacterial films include electron beam lithography and nanoimprint lithography, both can
completely control the micromorphology of the nanostructures for the design with unique localized surface
plasmon resonance spectrum [8]. However, these methods require sophisticated fabrication equipment and are
limited by either expensive cost or small sample size in practical applications. Instead, some simpler bottom-up
approaches based on self-assembly, e.g., Langmuir-Blodgett, dip coating, and electrochemical deposition, have
shown great convenience in large-scale fabrication [9]. Such techniques allow producing noble metal
nanoparticle thin films with large areas.

Experimental part. The paper considers a series of rapid and simple methods of silver coatings

fabrication, such as dip coating, sessile droplet and room temperature electrophoretic deposition (EPD).
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According to [10] the AgNPs were synthesized in aqueous solutions: PVP-stabilized NPs with a diameter of the
metallic core of 70 + 20 nm, and negative charge of -15 mV.
The deposition of PVP stabilized AgNPs on titanium substrates was carried out using three approaches:
e Drop drying or sessile droplet - the process which is based on the formation of a droplet 120 pL of
the working solution with concentration 60 pg mL™! in water and following drying at 55.5°C.
e Dip-coating - the sample was dipped into 5 mL of the working solution with the same concentration
and kept for 24 hours with the subsequent drying at 55.5°C.
e FElectrophoretic deposition - the deposition was achieved by the motion of charged PVP-coated
AgNPs particles dispersed in working solution towards an electrode under the applied electric field.
Prior to electrophoretic deposition, two types of working solutions were prepared. The first solution was
prepared with distilled water and the second one was based on absolute ethanol with the concentration of 60 pg
mL-!. Electrophoretic motion of the charged particles during EPD results in the accumulation of particles and the
formation of a homogeneous and rigid deposit at the relevant (deposition) electrode-titanium sample. Figure 1

shows the results of titanium substrate functionalized with AgNPs.

Fig. 1. Titanium substrates functionalized with PVP-stabilized AgNPs a) sessile droplet 120 uL, b) dip-
coating, ¢) EPD in water (3 V, 60 min), d) EPD in ethanol (50 V, 30 min). The concentration of the working

solution was 60 ug mL™ in each experiment.

Results. Figure 1 shows that the most effective approaches for surface functionalization are sessile

droplet and EPD. The SEM analysis confirmed the ability to attain a uniform distribution of AgNPs in case of
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EPD approach. Sessile droplet method has the disadvantage associated with the surface tension and consequently
the samples are not fully coated with AgNPs. The sessile droplet method has the disadvantage associated with

the deposition process on special design implants.

Conclusion. Functionalization of titanium substrates with AgNPs was carried out using sessile droplet,
dip-coating and EPD approaches. According to the SEM results the most effective methods for surface
functionalization was EPD. The PVP-stabilized AgNPs with a diameter of the metallic core of 70 + 20 nm,
negative charge of -15 mV were synthesized in aqueous solution indicating monodisperse system and absence of

large agglomerates.
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