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Abstract. Widespread use of synthetic antimicrobial drugs leads to the development of antibiotic resistance of pathogenic strains of microorganisms. Therefore, today the researchers are very interested in drugs based on 
nanoparticles of metals, in particular silver, which has antibacterial, antifungal and antiviral activity. A critical analysis of the results of research performed in recent decades has shown that despite the large number of references 
devoted to the study of properties, use and development of methods for obtaining the silver nanoparticles [1-3], the influence of kinetic parameters on their characteristics is insufficiently studied. In presented work silver 
nanoparticles (AgNPs) have been synthesized by “green synthesis” method using the silver nitrate as precursor and surface-active rhamnolipid (RL-1) of natural origin, which represents by itself the product of microbial synthesis of 
the strain Pseudomonas sp. PS–17 and was used as reducing agent and stabilizer. The kinetics of green synthesis of AgNPs via reduction of Ag+ ions by RL-1 was studied in details using the UV-vis spectroscopy as well as obtained 
products were studied using IR-spectroscopy and transmission electron microscopy.. 
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Influence of synthesis conditions  
on the rate of reduction of Ag+ by RL-1 

As it was mentioned in Abstract, for the green synthesis of AgNPs was 
used rhamnolipid RL-1 (Fig. 1) which contains both carboxyl and sugar 
functional groups, as well as long hydrocarbon chains, and therefore can 
simultaneously act as a ligand for silver ions, reducing agent Ag+, as well 
as a surfactant, i.e. a stabilizer of AgNPs. 
 
 
 
 
 
 
 

Fig. 1. Structural formula of RL-1. 

In order to optimize the methods of obtaining the components of 
bactericidal drugs based on silver nanoparticles, the influence of synthesis 
conditions (initial concentrations of OH–, Ag+ and RL-1, as well as 
temperature) on the kinetics of formation of colloidal solutions of silver 
was studied using the UV-vis  spectroscopy (Fig. 2).  
 
 
 
 
 
 
 
 
 
 
Fig. 2. Evolution of the absorption spectra of working solutions during the 
synthesis of AgNPs (initial concentrations of Ag+ and RL-1 are equal to 0.2 
mM and 1 g/L respectively, temperature 70 C, insertion is the changing of 

the position of the PPR band over time) (a) and kinetic curves of AgNPs 
formation at different concentrations of Ag+ (b). 

It was found that in the all of studied experimental conditions:  
 the spectra of the solutions after the completion of the synthesis are 
characterized by a clear absorption maximum, which may indicate the 
spherical shape of the obtained AgNPs; 
 during the synthesis there is a shift of the absorption maximum in the 
short-wavelength region (Fig. 2) due to the position of the surface 
plasmon resonance (PPR) band is significantly influenced by the value of 
the dielectric constant of the medium, and in the case of surfactants that 
are adsorbed on the particle surface by the interaction between surfactant 
molecules and surface atoms of the growing silver particle; with increasing 
of particle size during synthesis the fraction of surface atoms that interact 
with surfactant molecules decreases, which, accordingly, affects the 
position of the PPR band of the AgNPs solutions; 
 due to the optical characteristics of AgNPs solutions may be used for 
the evaluation of kinetics of their formation [4, 5], the values of the 
maximal absorbance were used for the plotting of the kinetic curves of 
AgNPs formation and it was found that the all kinetic curves are sigmoidal 
that suggest the autocatalytic nature of the process; 
 the rates of nucleation and growth of AgNPs linearly depend on the 
initial concentration of RL-1 and Ag+ that is means the first order of the 
processes of nucleation and growth of AgNPs on RL-1 and Ag+. 

Table 1. Dependency of the kinetic parameters of AgNPs formation on 
the reaction conditions 
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Size and shape of obtained AgNPs  

Obtained AgNPs were characterized using TEM. It was found (Fig. 3) that 
the obtained AgNPs are mostly irregular in shape. At the same time, a 
detailed analysis of microphotographs obtained at a high magnification  
(~ 100,000) revealed that large particles are surrounded by a large num-
ber of small (1–4 nm) particles (Fig. 3, insertion).  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. TEM image of AgNPs obtained at 70 C at initial concentrations of 

Ag+ and RL-1 equal to 0.2 mM and 4 g/L respectively . 

Such pattern was observed for the all tested samples and can be caused by 
the actual method of preparation of samples for TEM, namely: for TEM 
investigations the drop of liquid sample was dropped to a suitable sub-
strate and dried in air. Thus, the concentration of AgNPs increased slowly; 
fluctuations of the concentrations of small particles could gradually be 
formed on the inhomogeneities of the substrate, which led to their uneven 
coagulation and, accordingly, to the formation of large (~ 10–40 nm) 
particles of irregular shape. Such assumption is well confirmed by the 
histograms of particle size distribution (Fig. 4).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Histogram of particle size distribution of AgNPs obtained at 70 C 

at initial concentrations of Ag+ and RL-1 equal to 0.2 Mm and 4 g/L 
respectively. 

 
Table 2. Dependency of the size of obtained AgNPs on the reaction 

conditions 
 
 
 
 
 
 
 
 
 
As it can be seen from the presented in Table 2 data, increasing of the 
concentration of silver ions has almost no effect on the size of the resulting 
AgNPs: the values of their average diameter (d) and polydiversity (d) are 
close. At the same time, with a decrease of the RL-1 concentration to 2 
g/L, an increase of d AgNPs is observed, and with a further decrease of 
the stabilizer concentration, together with d, the value of the average 
particle diameter also increases.  

Spectral characteristics of AgNPs stabilized by RL-1  

In order to establish a possible mechanism of interaction of Ag+ with RL- 1, 
the absorption spectra of RL-1 and the product of its interaction with silver 
ions (AgNPs_RL) were studied using IR-spectroscopy (Fig. 5, Table 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. IR-spectra of RL-1 and AgNPs_RL. 

 
 

Table 3. Some characteristic absorption peaks of functional groups of 
RL-1 and AgNPs_RL  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
As it can be seen from Fig. 5 and presented in Table 3 data, the peaks of 
absorption of RL-1 and AgNPs_RL are quite similar excepting the section 
within 1600 … 1500 cm-1. In the section within 1600 ... 1500 cm-1 of the 
AgNPs_RL spectrum  two maxima at 1560 and 1510 cm-1 are observed. We 
assume that these bands can be attributed to the valence oscillations of the 
C=O group in the oxidized rhamnose ring (ketoramnose) similarly to that 
observed in -diketones [7] . 
Thus, due to the extreme dependence of the rate of reduction of Ag+ by 
rhamnolipid RL-1 on pH and temperature, we can assume that the 
reducing agent for silver ions is a rhamnose ring, and its oxidation occurs 
through the formation of alkoxides in an alkaline environment [8] with 
the subsequent formation of ketoramnose: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 6. Probable oxidation scheme of RL-1 with silver ions. 

 
 
However, this scheme requires a more substantiated justification with the 
involvement of additional theoretical and experimental research methods. 
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