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APPLIED  ELECTROCHEMISTRY
AND  CORROSION  PROTECTION  OF  METALS

In the recent years occurs continuously increasing 
stream of information related to the preparation of 
ultrafi ne powders of metals and application them in 
various fi elds, including science, medicine, biology and 
agriculture. This is due to the fact that at the transition to 
the nanometer range appear new qualities in the nano-
sized objects themselves and in the materials produced 
from them [1−3]. 

In [4−6] has been shown a possibility of the synthesis 
of nano-sized copper powders from the water–isopropanol 
solutios of electrolytes by the method of electrochemical 
deposition on cathode. Correct choose of the synthesis 
conditions allows monitoring the physical and chemical 
parameters of the particles. The fi ne powders can be 
prepared at the limiting current density in the presence of 
surfactants. Electrolytic powders feature by high purity 
and well-developed specifi c surface. 

Bactericidal and wound-healing properties of silver 
have long been known to medicine [7]. The basis of 
microbactericidal action of silver is the nonspecific 
binding to proteins of a protoplasm of microorganisms. 
The main advantage of silver as an antibacterial agent 
is its tolerance toward microorganisms, as well as 
the inability to develop resistance against it. Silver 
nano-powders with a large specifi c surface area have 
expanded contact with bacteria and viruses, that enhances 
signifi cantly the bactericidal action of silver [8]. Thus, 

the use of silver as nano-disperse powder could allow 
hundreds times decrease the silver concentration, with 
retention of bactericidal properties. Taking into account 
that silver nanoparticles are able to maintain long-term 
biocidal properties, it is advisable to add them to paint, 
varnish, and medical dressings. 

In this paper are considered features of formation of 
the silver ultrafi ne powders from water – ethanol solutions 
of electrolytes and is showed the applicability of the 
prepared silver powders for modifying the traditional 
medical materials to confer them enhanced biocidal 
properties. 

EXPERIMENTAL 

Electrodeposition of silver was carried out from 
the water–ethanol solution of silver nitrate in a glass 
electrochemical cell in potentiostatic mode at 295 K. 
The pH value of electrolyte in the process of electrolysis 
was approximately 3.0. As a cathode was used copper 
wire, on which was deposited silver from the electrolyte 
of the composition (g l–1): Ag (metal, as AgNO3)  25, 
KCNS 120, K2CO3 25, K4Fe(CN)6  50. Anode is titanium 
support with deposited on it a layer of ruthenium dioxide 
RuO2 and a layer of titanium dioxide TiO2. To prepare 
the electrolyte were used the reagents of “chemically 
pure” grade. 
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The values of current needed for the electrochemical 
synthesis of ultrafi ne powders of silver were found from 
the polarization curves. Polarization measurements were 
performed using a stable voltage source PI-50-1 together 
with the PR-8 programmer, at a sweep rate of voltage 
5 mV s–1. As the working electrode served a copper 
disk, a subsidiary electrode was platinum, the reference 
electrode was saturated silver chloride electrode. 

Particle size of silver was determined from the 
microphotographs obtained with a transmission electron 
microscope EMV-100 L in the high-resolution regime 
[9]. To construct histograms describing the dispersion of 
powders were prepared electronic microphotographies 
of different parts of the sample at different zoom values. 
X-ray images were obtained on a Dron-3M diffractometer 
using CuKα (λ = 0.154 nm) radiation. A qualitative 
composition of nanoscale powders of silver (YHGC) was 
determined by comparing the interplane distances in the 
diffractograms of the powder sample with the reference 
data [10]. 

Antibacterial effect of the material modifi ed with silver 
nanoparticles and of silver foil with thickness 0.3 mm was 
studied on the gram-negative prokaryotes (gracilicutes) 
of the Enterobacteriaceae genus Escherichia family. 
As the test-microbe were used the species of the genus 
Escherichia–Escherichia coli, a representative of the 
normal microfl ora of the lower division of intestine 
associated with gastrointestinal diseases. In addition, 
E. coli is the primary cause of urinary tract infections 
and intrahospital infections, including septicemia and 
meningitis. In sanitary microbiology E. coli are used 
as an indicator of faecal contamination, as a sanitary 
demonstration microorganism for assessig the quality of 
drinking water and foodstuffs. The investigated powders 

were applied to the medical material from 1% alcohol 
suspensions by impregnation. 

Preparation of strains for the study was carried out in 
accordance with methodological recommendations for the 
control growth media of biological indicators [11, 12]. 
The sowing working dose [1000 colony forming units 
(CFU) in 1 ml] was prepared by dilution of the standard 
culture of the tests-strains by physiological solutions. 

Tests of the silver bactericidal nanoscale powders was 
carried out in two variants, on solid and liquid nutrient 
media. 

(1) Sowing the bacterial lawn with the meat-peptone 
agar (MPA). To a Petri dish with the MPA and the test-
culture of the bacteria E. coli in a sowing dose of 1000 
CFU in 1 ml were placed the examined samples. The 
dishes were incubated 24 h in a thermostat at 37°C, and 
then observed the absence or presence of a zone of grow 
delay of the test bacteria around the studied samples. 

Fig. 1. Structure of silver precipitates: needle (a), foam (b). 

Fig. 2. Cathodic polarization curves at the electrolysis of 
water–ethanol solution of silver nitrate. Contents of C2H5OH 
0.004 mol fraction, (j) is current density, A dm–2; (E) is potential, 
mV AgCl. Concentration of silver nitrate, mol kg−1: (1) 0.05, 
(2)  0.1, (3) 0.15, (4) 0.2, (5) 0.4. 

(a) (b)
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mol per 1 kg of solvent there is quite a long platform 
of limiting current, where the rate of supply of ions to 
the near-cathode region restricts the total process. This 
situation is one of the main causes for the formation of 
nano-sized silver powder. To carry out the synthesis of 
powders at the salt concentration 0.4 mol per 1 kg of 
solvent and higher is diffi cult because of unstable regime 
of electrolysis, since the rate of sedimentation of fi ne 
precipitate is low. When the concentration of AgNO3 is 
0.05 mol kg–1 and below the electrochemical deposition 
is not effective because of low deposition rate and the 
product yield. The optimal concentration providing 
a steady process of electrosynthesis of nanoscale silver 
particles is 0.05–0.15 mol kg–1 of AgNO3. 

Thus, based on the results of polarization studies 
are selected the optimal composition of the electrolyte 
and regimes for the effective conducting the process 
of electrodeposition of nanoscale powders of silver, j = 
0.1 A dm–2, 0.1 mol per 1 kg of AgNO3, 0.04 mol. fraction 
of C2H5OH. With the used composition of the solution the 
yield of silver on the current is 95%. The silver powders 
synthesized under these conditions were used for further 
X-ray and biological research. 

Analysis of micrographs of nano-sized silver powder 
is presented in the form of histograms in Fig. 3. The bulk 
(about 95%) of the total mass of the powder particles 

(2) The sensitivity of microorganisms in a liquid 
nutrient medium. The test samples were placed in test 
tubes with meat-peptone broth (BCH) and test culture 
suspension of E. coli (the sowing dose 1000 CFU in 
1 ml). The vials incubated for 24 h in a thermostat at 37°C 
and maintained for 1 day at room temperature. In order to 
confi rm the availability of bactericidal properties against 
E. coli were determined transmittance and optical density 
of the solution of the studied samples on a photoelectric 
colorimeter KFK-2. 

At the change of solution composition and the 
electrolysis parameters have formed sediments with 
different surface morphology, from needle with the 
branched structure to the sponge (Fig. 1). Silver in the form 
of a solid porous mass is allocated on the cathode surface 
after reaching the limit diffusion current, calculated with 
accounting of the electrode surface area. 

Figure 2 presents the results of polarization studies of 
solutions with different concentrations of silver nitrate. 
The content of ethyl alcohol was 0.04 mol %. The choice 
of non-aquatic component is based on previously carried 
out studies and values of surface potentials of some 
organic solvents, calculated on the basis of the potential 
voltage differences [13, 14]. 

From the analysis of polarization curves follows that 
in the range of concentrations of silver nitrate 0.05–0.15  

Table 1. Iterplane distances and intensity

Table 2. Bioactivity ad the values of the zones of inhibition 
of growth of bacteria by nanoscale particles of silver with 
respect to E. coli 

Fig. 3. Histogram of distribution of nano-sized silver particles 
in  powder. (A) content, %, (d) particle size, nm. 

Fig. 4. Diffractogram of nano-sized silver powder synthesized 
by electrochemical method. (I) intensity, (2θ) angle of refl ection 
(degrees). 
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comprises nanoparticles of the size from 20 to 150 nm. 
The maximum corresponds to the particle size of 
approximately 100 nm. A smaller portion (approximately 
5%) corresponds to the larger forms (200 nm or more), 
composed of loosely coupled particles of small size. 

Figure 4 provides X-ray diffractogram of the nanoscale 
silver powder synthesized by an electrochemical method. 
The calculated values of interplanar distances for a given 
value of the wavelength are presented in Table. 1. Values 
of the interplanar distances corresponding to different 
maxima at diffractogram are in good agreement with 
the reference data [10]. Thus, it is elucidated that the 
examined powder is composed mainly of Ag, while the 
amount of silver oxide is so little that can not be analyzed 
by this method. 

The results of the study of bioactivity (Table 2) showed 
that the medical material (sample a), metallic silver 
(sample b) and the material modifi ed with nano-sized 
silver powder (sample c) behave differently. 

As shown in Fig. 5, the source material, the control 
sample (a), does not exhibit antimicrobial activity against 
the test-culture E. coli. Chemically pure metallic silver (b) 
although it displays expressed bioactivity, but the zone of 
suppression of bacteria growth in the test-sample is much 
less than that of the materials modifi ed with nano-sized 
particles of silver, that is of higher bioactivity (c). 

This variant of testing is considered as a model of 
developing an infectious process in its initial phase, 
adhesion, and the ability to inhibit this phase in order to 
prevent infection. In this regard, it should be noted that the 
advantage of the materials modifi ed with the nanoscale 
particles of silver over the other decontamination reagents 
is that their bactericidal effect persists for a long time. 

The action of silver on a microbial cell is carried 
out in 2 stages. Initially, occurs sorption of silver on 
the surface of cells, then it penetrates into the cell that 
leads to inactivation of enzymes, damage of nucleotides 

and lysis of the cells. Chemically pure silver metal has 
a pronounced anti-microbial activity, but the silver ions 
and ionogenic compounds of silver are more bioactive, 
and the activity of silver is higher when higher the 
concentration of its ions in solution. 

The present study revealed prolonged bactericidal 
effect of the nano-sized silver. It was found that at the 
diffusion for 24–48 h into the nutrient agar from the 
samples of the material modifi ed by silver nanoparticles 
the antimicrobial effect persists long time after removal 
the material, within 7–14 days. In the zone of delayed 
growth and on the site after the removal of the nano-
samples no microbial growth occurs, while on the site of 
controls the nutrient agar rapidly becomes infected. 

Table 3. Effect of nano-sized powders of silver on the survival 
of bacteria E. coli in liquid nutrient medium 

a k is sowing from the control tube containing sowing dose of 1000 
and more microbial cells in 1 ml (without the sample). 

Fig. 5. Micrographs of the starting material (a), the silver foil 
(b) and the medical silver-containing material modifi ed with 
nano-sized powder (c) after sowing the bacterial lawn with the 
strains of E. coli on solid nutrient medium. 

Fig. 6. Test (a, b, c) and control (k) samples for strains of E. 
coli in the liquid nutrient medium. 
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The results of microbiological analysis of modifi ed 
bioactive materials in a dense nutrient medium are in 
good agreement with the results of the study bioactivity 
in a liquid nutrient medium (Table 3, Fig. 6). 

As can be seen from the data presented, metallic 
silver (b) in liquid nutrient medium showed the same 
high bioactivity and complete suppression of growth 
of the test-culture, as the silver nanoparticles (c). 
Transmission coeffi cient in vitro with these samples was 
the maximum. 

Thus, it is shown that with the application of this 
method are obtained more accurate results, confi rming 
the complete loss of the test microbes in a liquid medium 
with nanosized particles of silver. This is very signifi cant 
for the development of new antimicrobial drugs with the 
desired properties at the antibiotic-resistant pathogens. 
A mechanism of effects of silver ions on the microbial 
cells is proposed. In particular, compounds of silver 
induce in Escherichia coli lysis of cytoplasm, damage 
of nucleotide content in the cells and rejection of the cell 
content from cell envelope. 

CONCLUSIONS 

(1) Optimal conditions for the synthesis of nanoscale 
powders of silver by the electrolysis of water–ethanol 
solution of silver nitrate are elucidated. 

(2) Large specifi c surface area of nano-sized powders 
of silver increases the contact area of silver with the 
microorganisms, improving bactericidal properties of 
silver. 

(3) Signifi cant difference in antimicrobial activity of 
metallic silver and the silver nano-sized particles refl ects 
the possibility of the use of ultrafi ne metallic powders in 
medicine owing to their effective biocidal properties. 

REFERENCES

1. Pomogailo, A.D., Rozenberg, A.S., and Ufl yand, I.E., 

Nanochastitsy metallov v polimerakh (Nano-Particles in 
Polymers), Moscow: Khimiya, 2000, 672 p.

2. Gusev, A.I., Nanomaterialy, nanostruktury, nanotekhnologii 
(Nanomaterial, Nanostructures and Nanotechnologies), 
Moscow: Fizmatlit, 2005. 416 p.

3. Andrievskii, R.A. and Ragulya, A.V., Nanostrukturnye 
mateialy (Nanostructural Materials), Moscow: Akademiya, 
2005, 192 p.

4. Chulovskaya, S.A., Balmasov, A.V., Lilin, S.A., and 
Parfenyuk, V.I., Zashchita metallov (Metal Protection), 
2006, vol.. 42, no. 4, pp. 430−433.

5. Chulovskaya, S.A. and Parfenyuk, V.I., Zh. Prikl. Khim., 
2007, vol. 80, no. 6, pp. 952−955.

6. Chulovskaya, S.A. and Parfenyuk, V.I., Elektronnaya 
obrabotka materialov (Electronic Treatment of Materials 
), 2008, no. 1, pp. 58−63.

7. Pyatkin, K.D., Mikrobiologiya (Microbiology), Moscow: 
Meditsina, 1971.

8. Egorova, E.M., Revina, A.A., Rostovshchikova, T.N. 
et al. Vestn. MGU, Ser. 2. Khimiya, 2001, vol. 42, 
pp. 332−338.

9. Shabanova, N.A., Popov, V.V., and Sarkisov, P.D., Khimiya 
i tekhnologiya nanodispersnykh oksidov (Chemistry 
and Technology of Nanopolymeric Oxides), Moscow: 
Akademkniga, 2006. 

10. Mirkin, L.I., Spravochnik po rentgenostrukturnomu 
analizu polikristallov (Handbook on X-Ray Analysis of 
Polysaccharides), Moscow: Fizmatgiz, 1961. 

11. Vol’f, L.A. and Meos, A.I., Volokna spetsial’nogo 
naznacheniya (Fibers of the Special Functionality), 
Moscow: Khimiya, 1971. 223 p.

12. Garas’ko, E.V., Zh. Mikrobiol., Epidemiol., Immunobiol., 
1973, vol. 8, pp. 54−56.

13. Chankina, T.I. and Parfenyuk, V.I., Zh. Fiz. Khim., 2004, 
vol. 78, no. 9, pp. 1592−1595.

14. Parfenyuk, V.I., Kolloid. Zh., 2004, vol.. 66, no. 4, 
pp. 1−5.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


