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Abstract
The method of contact glow discharge with the using of “sacrificial” silver anodes have been proposed for synthesis of silver
nanoparticles (AgNPs) stabilized by polyvinylpyrrolidone (PVP). Using transmission electron microscopy, it was found that the
mean size of AgNPs decrease from 10 to 5 nm with increasing of PVP concentration from 2.5 to 10 g/L. At the same time, the
polydispersity index of AgNPs non-monotonically depends on concentration of stabilizer and the narrowest size distribution (less
than 15%) was observed at PVP concentration equal to 5 g/L. The electrochemical investigations of Ag anodic dissolution
associated with the recorded UV-Vis spectra of the obtained AgNPs solutions suggest that (i) the rate of silver dissolution depend
on the nature of regulating agent—NaOH or CH3COONa; (ii) silver anodes are not passivated in the presence of PVP; (iii) unlike
to the process of chemical reduction of silver ions by PVP using of the contact glow discharge technique provides a pseudo-
stationary process mode, i.e., the stability of rates of nucleation and growth of AgNPs via stability both of Ag+ and solvated
electrons concentrations that leads to formation of nearly monodisperse nanoparticles.
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Introduction

Currently, the most studied methods to obtain colloidal solu-
tions of metal nanoparticles (MNPs) are those based on chem-
ical reduction of metallic salts using various inorganic com-
pounds [1–4]. Moreover, in the last decade, much attention
has been paid to the “green” synthesis of MNPs involving
more environmentally friendly reagents [5, 6]. In general,
the process of nanoparticle formation carried out through se-
quence successive steps: (1) reduction of Mn+ ions into the
atoms of M0; (2) the compounding of atoms into nanoclusters
(MNCs), i.e., nucleation; (3) growth of MNCs and formation
of MNPs. All of these stages are multifactorial and difficult to

control, especially the concentrations of the reducing agent
and the metal ions which are the main parameters of mass
transfer during the nucleation and growth of nanoparticles
[7]. Therefore, using chemical reduction techniques, it is dif-
ficult to control the size and shape of MNPs that define phys-
ical, catalytic, antibacterial, and other properties [8, 9]. These
problems—changing of concentrations of precursors—
partially can be solved by electrochemical methods of MNPs
synthesis [10–15] in particular those ones that used concen-
trated energy flows, for example microplasma electrolysis
[16–23]. In addition, such methods minimize the number of
precursors by using of sacrificial anodes as the source of metal
ions. Therefore, the electrochemical synthesis of MNPs may
be referred to “green” techniques. Thus, thorough studies of
electrode processes during such synthesis are one of the im-
portant tasks of the electrochemistry of metal nanoparticles
and especially silver nanoparticles due to their wide using.

Electrochemical reduction of metallic ions (that are
formed via reaction 1) under conditions of electrochemi-
cal discharge in aqueous solutions (plasma in aqueous
solutions) occurs in the bulk of the solution. Such nature
of the process is due to the fact that the generated in
microplasma electrons easily hydrates in aqueous medium
(reaction 2) and then can reduce ions of metal Mn+
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(reaction 3) [17]. Then (by analogy to chemical reduc-
tion), metal atoms are combined into nanoclusters (nucle-
ation of nanoparticles) subsequent by growth and agglom-
eration (reaction 4) that leads to formation of nanoparti-
cles.

Mnþ þ ne–→M0 ð1Þ
e− þ nH2O→e−–aq ð2Þ
Mnþ þ ne–aq→M0 ð3Þ
M0→M2→…→Mx→…→Magglomerate ð4Þ

The phenomenon of electrochemical discharge in aqueous
solutions is now extensively investigated as a method for
obtaining of silver nanoparticles (AgNPs). Using of such a
technique enables the production of AgNPs with different
sizes and spectral characteristics (see Table 1). The shape of
obtained AgNPs is mainly spherical, but the formation of
nanosized silver dendrites is possible too [32].

Among the metals used for “cathode plasma” tungsten has
the highest melting point (3422 °C). This allows the synthesis
of silver nanoparticles by “cathode plasma” without destruc-
tion of the cathode. In addition, tungsten electrodes are widely
used for tungsten inert gas welding. Therefore, they can be
effective cathodes in the future commercialization of the pro-
posed synthesis of silver nanoparticles.

Microplasma synthesis of AgNPs is carried out mainly in
the air [18, 24, 25, 27–32] and sometimes in the inert gas
atmosphere [19–21, 26, 30]. Working solutions contain sur-
factants based on monomeric or polymeric organic substances
(stabilizers) and the soluble salts of silver are used as a source
of Ag+ (see Table 1). However, the use of silver salts makes
difficult the control of nanoparticles formation process from
size and shape prediction viewpoints because of the instability
of metallic ions concentration in the working solution. This
problem can be solved by the synthesis of AgNPs in
electrolyzers equipped by soluble “sacrificial” anodes

[10–13]. However, the behavior of silver “sacrificial” anodes
during microplasma synthesis of AgNPs is studied insuffi-
ciently. That is why the main goals of presented work were
the investigations of electrochemical behavior of silver anodes
in the solutions of PVP as well as investigations of
microplasma synthesis of AgNPs stabilized by PVP using
sacrificial anodes and determination of adaptability of the
process.

Materials and methods

Electrochemical synthesis of AgNPs

For the synthesis of AgNPs, two silver plates (2 × 3 cm,
99.99% purity) were used as anodes and tungsten (99.9%
purity) wire (∅ = 0.1 mm with a working length of 5 mm)
was used as cathode. The backs of silver anodes were insulat-
ed with teflon tape. Polyvinylpyrrolidone with MW = 2500
(ALSI, Authorized distributor of Sigma-Aldrich in Ukraine,
Kyiv) was used as a s tab i l i ze r , NaOH (t i t ran t ,
“Kharkovreachem,” Kharkiv, Ukraine), and sodium acetate
(NaAc, 99.9 % was purchased from “Sfera Sim,” Lviv,
Ukraine) were used to adjust the pH 8.

Synthesis of AgNPs was carried out in the thermostated
reactor under continuous agitation with a frequency of 600–
800 rpm using magnetic stirrer at 20 °C (the procedure is
schematically presented in Supplemental Materials, Fig. S1).
In the reactor filled by 100 mL of working solution, two silver
anodes were placed and fixed at a distance of 5 cm from each
other. Thereafter, the tungsten cathode was fixed at the center
of surface of the solution and the current supply unit (U =
175–275 V) was connected and the glow discharge was
formed.

Element analysis of obtained AgNPs solutions was carried
out using portable X-ray fluorescence spectrometer ElvaX

Table 1 Characteristics of AgNPs synthesized via electrochemical discharge in aqueous solutions

Precursor Stabilizer Cathode Anode U, V τ, min Max. abs. peak
(λmax), nm

Particle size, nm Ref

Na3Cit – Silver Silver 140 1.5 392–399 < 100 [24]

AgNO3 Citrate Titanium Titanium - 6 410 18 [25]

AgNO3 PVP Tungsten Tungsten 1200, 2300 2–10 380–384 ∼ 3.5 [26]

AgNO3 PVP Tungsten Tungsten – 1.5 420 4,5 [27]

AgNO3 PAN* Stainless steel Stainless steel - 5 - 3-5 [28]

AgNO3 Alginate Tungsten Tungsten 800 7 415–440 5-40 [29]

AgNO3 Fructose Stainless steel Platinum 2000 15 402-420 10-40 [30]

AgNO3 Gelatin - - - 3–12 411-453 5-20 [31]

AgNO3 - Tungsten Tungsten 800–1000 2–10 365-373 13–109 [32]

PAN, polyacrylonitrile
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(Elvatech Ltd., Kyiv, Ukraine). Solutions of 5.0 g/L PVP and
AgNO3with the concentrations of Ag

+ equal to 0.5 × 10–4, 1.0
× 10–4, and 2.0 × 10−4 mol/L were used as reference solutions
for evaluating of AgNPs concentrations in obtained products.

Chemical synthesis of AgNPs

AgNPs were synthesized by reduction of Ag+ by PVP at 70 °C
at thermostated reactor equipped bymagnetic stirrer and fluid-
cooled condenser. To 97-mL of heated PVP solution (pH = 8)
was added 3 mL of 0.01 mol/L solution of AgNO3 (AgNO3,
99%; ALSI, Authorized distributor of Sigma-Aldrich in
Ukraine, Kyiv).

Electrochemical measurements

Polarization curves were recorded using standard a 50-ml
three-electrode electrochemical cell and potentiostat PI-50-1
equipped by the programmer PR-8 and analog-to-digital con-
verter. Silver rod (0.5 сm diameter) and platinum plate (0.75
cm2) were used as working and auxiliary electrodes. As the
reference electrodes Ag/AgCl (EVL-1M4 was purchased
from “Systema Optymum,” Lviv, Ukraine) mounted in a
Luggin capillary contained 1 mol/L KNO3 was used. The all
values of potentials are given relative to the saturated silver
chloride electrode. The scan rate of the potential was 20 mV/s
in the range of E from 0 to + 1.0 V. The anodic behavior of
silver was studied in PVP solutions from 0.5 to 10 g/L at pH =
8 and temperatures range from 20 to 50 °C.

Transmission electron microscopy analysis

TEM images of the samples were recorded using a JEM-I230
(JEOL, Tokyo, Japan) with an acceleration voltage of 80 kV.
The samples for TEM investigations were prepared by drying
of 0.05 μL of silver sol on the carbon grid at room tempera-
ture. The diameters of obtained AgNPs were determined using
TEM images by comparison of the sizes of individual particles
with the scales presented on images. The mean diameter of
AgNPs and polydispersity index were calculated using
Gaussian function.

Viscosity of PVP solutions

The measurements of viscosity of PVP solutions were done
using Ostwald viscometer. Temperature was maintained with
an accuracy of 0.1 °C. Any points have been repeated at least
for 10 times and experimental errors for the all cases were less
than 5%.

Kinetics of AgNPs formation

Kinetics of AgNPs formation was monitored using UV-Vis
spectrophotometer UV–mini 1240 (Shimadzu Corp., Kyoto,
Japan). UV-Vis spectra of reaction mixtures were recorded
using a 1-cm cuvette at wavelength range from 300 to 1100
nm. Samples for spectroscopy were taken every 10 s (in the
case of microplasma synthesis) or 5 min (in the case of chem-
ical synthesis). The rates of processes (in terms s–1) were eval-
uated by the slopes of linear parts of dependencies of maxi-
mum of absorbance of solutions on time.

Results and discussion

Electron-donor atoms of the oxygen and nitrogen of the pyr-
rolidone fragment of the polymer molecule of PVP can form
bonds with Ag+ ions by a donor-acceptor mechanism: O →
Ag+ and (or) N → Ag+ [33]. Therefore, in PVP solutions,
complexes with a bidentate ligand with such variants of Ag+

localization in the polymer chain are formed:

  

ð5Þ

Regardless of the method of synthesis of AgNPs in PVP
solutions (chemical [33, 34] or electrochemical synthesis on
the surface of cathode [35]) formed Ag0 atoms are combined
into nanoclusters (AgNCs) and AgNPs according to the
scheme (4). AgNPs are stabilized by donor-acceptor bonding
to silver atoms O → Ag0 and (or) N → Ag0 forming surface
complexes. Steric factor of the polymer chain of the PVP
molecule also contributes to the stabilization of AgNPs [35].

Taking into account the above mentioned schemes (1–5) we
can suggest that during the microplasma synthesis of AgNPs in
solutions of PVP using sacrificial silver anodes the following
electrochemical and physicochemical processes are carried out:
ionization of silver (6); formation of [AgnPVP]

n+ complexes on
the surface of a silver anode (7) and their transferring into bulk of
solution (8); reduction of complexed Ag+ to Ag0 by hydrated
electron (9) and subsequent formation of AgNCs and AgNPs
stabilized by PVP (10).

Ag→Agþads þ e– ð6Þ
nAgþads þ PVPads→ AgnPVP½ �nþads ð7Þ
AgnPVP½ �nþads→ AgnPVP½ �nþsolution ð8Þ
AgnPVP½ �nþsolution þ ne–aq→ Ag 0ð ÞnPVP

� �
solution ð9Þ
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Ag 0ð ÞnPVP
� �

solution→AgNCs PVPð Þ→AgNPs PVPð Þ ð10Þ

Anode dissolution of silver in PVP solutions

Anodic reactions (6–8) initiate the electrochemical synthesis
of AgNPs in PVP solutions. The rates of these reactions de-
pend on the following basic parameters: pH, surfactant con-
centration, voltage and temperature. Accordingly, such pa-
rameters affect the processes (9, 10) and, therefore, the total
process of plasma synthesis of colloidal solutions of silver
nanoparticles. Herein the effect of the concentration of PVP
and temperature of the solutions on the voltammetric charac-
teristics (namely on the values of the anode currents, i.e., on
the rates of dissolution of silver in an aqueous solutions of
surfactant) were investigated.

The nature of the anodic dissolution of silver in aqueous
solutions of PVP–NaOH and PVP–NaAc is some different as
it is indicated by the polarization curves obtained by the an-
odic polarization of Ag in these solutions under different con-
ditions. Thus, the rate of anodic dissolution of metal in solu-
tions of PVP–NaAc is much higher in comparison to the so-
lutions of PVP–NaOH (Figs. 1, 3, and 4).

The effect of PVP concentration

The values of anode currents are decreased with increasing of
concentration of PVP in solution (Fig. 1) that may be caused

by the increasing of viscosity (Fig. 2a). In addition the com-
plexes of PVP and silver ions ([AgnPVP]n+ads and
[AgnPVP]

n+
solution) which are formed by intermolecular inter-

action (5) are increased in size with increasing PVP concen-
tration that leads to decreasing of mobility of complexes and,
respectively, to slowing down of diffusion in the anode layer.

In PVP–NaAc solutions the polarization plots show an ini-
tial high dissolution followed by some degree of passivation
to give the appearance of a peak at about 0.5 V that is not
evident in the NaOH solutions (Fig. 1). Such a fact we can
explain by following assumptions. Anode processes in addi-
tion to ionization of silver (6) include adsorption of polar PVP
molecules on the anode surface and subsequent formation of
[AgnPVP]

n+ complexes (7). As we can see, the values of cur-
rent in PVP–NaAc solutions are much higher than in PVP–
NaOH that meant the higher concentration of [AgnPVP]

n+ and
such a complex may passivate the surface of silver at low
values of potential. But such assumptions need more detailed
investigations.

The effect of temperature

The rate of anodic dissolution of silver in PVP–NaOH and
PVP–NaAc solutions is increased with increasing of temper-
ature (Fig. 3). Moreover, the increasing of anode currents
(Δіanode) for every 10° (excepting the interval from 30 to 40
°C for PVP–NaOH) is equal to about 20% that indicates the

Fig. 1 Anodic polarization curves
of silver in PVP–NaOH (a) and
PVP–NaAc (b) solutions at dif-
ferent concentrations of PVP.
Temperature was 20 °C

Fig. 2 Dependencies of viscosity
of PVP–NaAc solution on con-
centration of PVP (a) and tem-
perature (b)
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predominant of diffusion-controlled regime of the anodic dis-
solution of silver. Calculated by data presented in Fig. 3 acti-
vation energies of anodic dissolution of silver are equal to 22.3
and 15.3 kJ/mol for PVP–NaOH and PVP–NaAc solutions
respectively. Increasing of anode currents may be also facili-
tated by the reducing of the viscosity of the PVP solutions
(Fig. 2b). Higher values of Ea in PVP–NaOH solutions may
be caused by formation of AgOH (Ag2O) and passivation of
anode that factor was mentioned above.

Chronoamperometry

The values of the anode currents are relatively stable in time
(Fig. 4), suggesting the stability of the processes (6–8) during
electrolysis in PVP–NaOH and PVP–NaAc solutions.

Therefore, the anodic dissolution of silver in the range of
surfactant concentrations from 0.5 to 10 g/L at 20 °С and Е =
1 V occurs at anode current densities from 0.7 to 1.4 mA/cm2

and from 18 to 26 mA/cm2 (or from 0.07 to 0.14 A/dm2 and
from 1.8 to 2.6 A/dm2) in PVP–NaOH and PVP–NaAc solu-
tions respectively (see. This is equal to the dissolution of from
0.3 to 0.6 g and from 7 to 10 g of silver per 1 A·h of electric
current for anode with area of 1 dm2. Given the large current
densities of active anodic dissolution in the PVP–NaAc sys-
tem, it can be considered as technological for electrochemical

synthesis of complexes [AgnPVP]
n+ that are the precursors of

synthesis of PVP stabilized silver nanoparticles.

Plasma synthesis of AgNPs in PVP solutions

The intensity of glow discharge (Fig. 5) as well as values of
current (Fig. 6) are relatively stable over time. At the same
time іanode ≈ 7 mA/cm2, that does not exceed this value for
active anode dissolution of silver without passivation (Fig. 4).
That is why passivation of the anodes is not observed during
the microplasma synthesis.

The color of the solution intensively changes in a radius of
5–10mm from the “inflamed” tungsten cathode in the form of
a “whirlwind”. This indicates a short distance of solvated
electrons penetration from contact glow discharge into the
bulk of the solution.

Kinetics of AgNPs formation in PVP solutions

Kinetics of AgNPs formation was monitored using UV-Vis
spectroscopy. It was found that obtained solutions of AgNPs
are characterized by intense absorbance peak at 417 nm that is
typical for PVP-stabilized silver nanoparticles [35, 36]. At the
same time, it must be noted that the maximum of absorbance
does not change during the synthesis (Fig. 7).

Fig. 3 Anodic polarization curves
of silver in PVP–NaOH (a) and
PVP–NaAc (b) solutions at dif-
ferent temperatures.
Concentration of PVP was 5 g/L

Fig. 4 Dependencies of the anode
currents on time in PVP–NaOH
(a) and PVP–NaAc (b) solutions
at different potentials.
Concentration of PVP was 5 g/L
and temperature was 20 °C
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Using the values of optical density of solution at 417 nm
(O.D.(417 nm)), the observable rate of AgNPs formation have
been calculated (see insertion on Fig. 7).

It is known that PVP can reduce silver ions through the
degradation of polymeric chains and formation of vinyl
groups that leads to the formation of metallic silver [37].
That is why the kinetics of reduction of Ag+ by PVP has been
studied. It was found that at ambient temperature (~ 20 to 25
°C), the reaction mixture does not change color for 8 h. For
that reason, the kinetics of chemical reduction of Ag+ by PVP
was investigated at 70 °C (Fig. 8).

As it was expected, the chemical reduction of Ag+ ions by
PVP even at 70 °C is very slow—the rates of processes are
equal to 8.6 × 10–3 s–1 and 1.9 × 10–4 s–1 for electrochemical
(at 20 °C, Fig. 7) and chemical (at 70 °C, Fig. 8) reduction of
silver respectively. This finding agrees well with the above
mentioned assumption on the main role of solvated electrons
in the reduction of silver ions.

At the same time, it should be noted that in contrast to the
electrochemical synthesis of AgNPs, some red shift of the
maximum of absorbance during the chemical reduction of
silver ions is observed (from 394 nm at 1500 s to 417 nm at
12000 s). Such a difference may be explained by that electro-
chemical reduction of Ag+ occurs in a pseudo-stationary re-
gime, i.e., silver ions both are reduced via reaction (10) and are
formed via reaction (7). That is leads to the stability of the

rates of nucleation and growth of AgNPs in time and forming
of monodisperse nanoparticles (vide infra).

In the case of chemical reduction, the all nuclei of AgNPs
which can be considered as [AgnPVP]

n+ complexes (see
reactions 8 and 9) are formed directly at the reagent mixing
and subsequent by nuclei growth that is reflected by the
changing of the spectral characteristics—it is known [38, 39]
that the position of maximum of absorbance of AgNPs solu-
tions increase with the increasing of the size of particles.

The Uv-Vis spectra of AgNPs solutions prepared via
microplasma technique can be used for evaluating of concen-
tration of silver in obtained compositions. It is known [40] that
the optical density of AgNPs solution is proportional to the
silver content. The molar attenuation coefficient of chemically
obtained AgNPs is equal to 6000 L/(mol·cm) (or 56 L/(g·cm))
and such value is in good agreement with presented in [38].
Taking into account the same positions of maximum of absor-
bance of AgNPs solutions obtained by chemical and electro-
chemical techniques, we can calculate the concentration of Ag
in the solution after 1 min of microplasma treatment which is
equal to 10 mg/L. Calculated via UV-Vis spectra value of
AgNPs concentration is in good agreement with the results
of element analysis of obtained solution (12 mg/L). At the
same time, it should be noted that concentration of
microplasma synthesized AgNPs in solutions does not depend
on concentration of PVP which confirms the main role of
hydrated electrons in the reaction of Ag+ reduction.

Fig. 5 Imagination of a glow discharge in solution of PVP–NaAc in time. Concentration of PVP was 5.0 g/L, pH = 8, voltage was 250 V

Fig. 6 Changing of values of current and voltage over time during glow
discharge in PVP–NaAc solution. Conditions are the same as presented
on Fig. 5

Fig. 7 The Uv-Vis spectra of AgNPs solutions at the different times of
electrolysis. Insertion is the dependency of optical densities at 417 nm on
time. Synthesis conditions are the same as noted in Fig. 5
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Additionally, as we can see from Fig. 7, the rate of AgNPs
formation bymicroplasma technique is equal to 0.16mg/(L·s).
Such value is a few orders of magnitude higher than the rate of
AgNPs formation via Ag+ reduction by hydroquinone [41] or
hydrazine hydrate [42]. Taking into account, a very high rate
of AgNPs’ formation that excludes any degradations of stabi-
lizer as well as the absence of tungsten contaminations (see
“Electrochemical synthesis of AgNPs”), we can assume that
obtained solutions consist of only the stabilizer, pH-regulating
agent and AgNPs.

TEM investigations of electrochemically synthesized AgNPs

AgNPs obtained by contact glow discharge in 2.5, 5, and 10 g/L
PVP solutions have been investigated using TEM, and it was
found that the mean size of particles decrease with increasing

of PVP concentration from ~ 11 to ~ 5 nm. Such fact was ex-
pected and it is in good agreement with the references [37, 41].

At the same time, one important point must be noted. As
we can see from Fig. 9, the changing of size distributions of
particles are non-monotonous. That is, for the concentration of
PVP equal to 5 g/L, the mean diameter of particles is equal to
9 nm and particles are characterized by narrow size distribu-
tion (8.9 ± 1.3 nm, the fraction of particles from 8 to 10 nm is
more than 75%). So, obtained AgNPs may be considered as
monodisperse. For the concentration of PVP equal to 2.5 g/L,
the mean diameter of particles is equal to 10 nm and the size
distribution is wider (10.1 ± 3.6 nm), but the fraction of par-
ticles from 9 to 12 nm is still higher than 75%. And for the
high (10 g/L) concentration of PVP, we can observe bimodal
size distribution function that characterized by maximums at
5 nm (5.1 ± 1.2 nm) and 11 nm (11 ± 6 nm). The appropriate

Fig. 8 The Uv-Vis spectra of
AgNPs solutions at the different
times of chemical reduction of
AgNO3 by PVP (a) and the de-
pendencies of optical density at
the maximum of absorbance
(hollow circles) and the positions
of maximum of absorbance of
solutions (blue circles) on time (b)

Fig. 9 TEM-images of AgNPs
obtained by contact glow
discharge during 2 min in
solutions of PVP (g/L): 2.5 (a),
5.0 (b), 10.0 (c), and the size
distribution histograms (d)
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2D histograms with Gaussian optimizations are presented in
Supplementary Materials (Fig. S2).

Such a nonmonotonicity of changing ofAgNPs characteristics
may be explained in the terms of reactions (6)–(10). At the first,
as it is shown on Fig. 1b, the values of current density for 2.5, 5,
and 10 g/L of PVP are close then the concentrations of Ag+ in
these solutions will be close too. That is, why the rate of nucle-
ation will be determined by the concentration of PVP (see eqs. 8
and 9 subsequent by 10). Increasing of rate of nucleation leads to
increasing of number of nuclei and, respectively, to increasing of
number of formedAgNPs and decreasing of theirmean size. This
decrease of the average size of AgNPs we observe in the histo-
grams (Fig. 9d)—decreasing of mean size from 11 to 5 nm (first
maximum) for 2.5 and 10 g/L of PVP respectively. At the same
time, the second maximum on the histogram (~ 11 nm) for con-
centration of PVP equal to 10 g/Lmay be caused by increasing of
concentration of small silver clusters as well as possible interac-
tion of polymeric balls in concentrated PVP solution that leads to
increase the probability of the aggregation and formation of
AgNPs with irregular shape (see Fig. 9c).

Conclusions

We fabricated PVP-stabilized silver nanoparticles using express
technique of reduction of Ag+ by solvated electrons generated by
microplasma and using “sacrificial” anodes as a source of silver
ions. Using voltammetry investigations of Ag anodic dissolution,
(1) it was shown the stability of anodes in time that caused by
complexing of Ag+ and PVP; (2) it was found that dissolution of
silver anodes is controlled by diffusion. Based on kinetic data
associated with TEM investigations, the multistage mechanism
of microplasma synthesis of AgNPs is proposed. Such mecha-
nism includes the ionization of silver, the formation of [Ag+–
PVP] complexes on the surface of a silver anodes and their
transferring in bulk of solution followed by reduction of com-
plexed Ag+ to Ag0 by hydrated electrons and subsequent forma-
tion of AgNPs stabilized by PVP. The optimal conditions of
fabrication of nearly monodisperse (the fraction of particles from
8 to 10 nm is more than 75%) AgNPs have been determined.
Such optimal conditions are the background for “green” technol-
ogy of continuous-flow synthesis of colloidal solutions of
AgNPs.
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material available at https://doi.org/10.1007/s00396-021-04811-y.
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