Kinetic regularities of silver cations reduction by sodium alginate 
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“Green” synthesis of silver nanoparticles (AgNPs) is a promising method for obtaining new materials with improved antimicrobial activity [1]. AgNPs were obtained by green chemistry method via chemical reduction of silver nitrate with previously oxidized sodium alginate (Alg). It is known that physicochemical characteristics and antibacterial activity of nanocomposites depend on the synthesis conditions [2]. During the synthesis we varied such parameters as temperature (80-100 ˚C), pH (from 8 to 11), Alg concentration (1 and 10 mg/ml), reaction time, stirring and oxygen aссess. The obtained AgNPs have been studied by UV–Vis and FTIR spectroscopy, dynamic light scattering and electrophoretic methods, XRD, TEM and AFM. When studying the kinetics of the reduction of silver nitrate by Alg, the dependence of the absorption of the solution at λmax on the reaction time was recorded (Fig. 1). 
Fig. 1. Kinetic curves for the reduction of silver nitrate with sodium alginate during synthesis with (С, В) or without (A, B) stirring and oxygen aссess. Alg concentration was 1 (A, C) and 10 (B, D) mg/ml; synthesis temperature was 80 (1), 90 (2) and 100 (3) ºС. The spectra were taken for reaction mixture diluted in 10 (B, C, D) and 20 times (A)
It has been shown that the highest degree of silver nitrate reduction was achieved when the synthesis was carried out on a plate (under stirring with oxygen access) at pH 11 and 100 ˚C for 15 minutes (c(Alg)=1 mg/ml) and 25 minutes (c(Alg)=10 mg/ml). It has been established that negatively charged spherical nanoparticles (zeta potential from –50 to –70 mV) with a core-shell structure were formed during the synthesis. Under the action of 1 mg/ml alginate, the hydrodynamic diameter of particles was about 27-54 nm. In concentrated solutions of sodium alginate (10 mg/ml) polydisperse, inclined towards aggregation particles with a size of 230-430 nm were formed. The synthesized AgNPs exhibit antibacterial activity against bacteria Pseudomonas aeruginosa, Pseudomonas fluorescens and Pseudomonas putida, causing fish diseases (zones of growth inhibition ~10-14 mm, depending on strain).
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