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Abstract—Due to their unique properties, organosols of silver nanoparticles are widely used in optical and
semiconductor devices, to produce electrically and thermally conductive films, as catalysts, antibacterial
materials, etc. This work proposes a simple and highly productive method for the preparation of silver orga-
nosols, which have a metal concentration as high as 1800 g/L and contain spherical nanoparticles with low
polydispersity and a median size of 9.1 nm. The method consists in the initial preparation of silver nanopar-
ticle hydrosols with a concentration of higher than 30 g/L followed by the transfer of the NPs into an organic
phase of o-xylene. A set of physical research methods has been employed to study the regularities of the
extraction of silver nanoparticles with o-xylene in the presence of cetyltrimethylammonium bromide (CTAB)
and ethanol and to determine the optimal process conditions, under which the extraction degree is as high as
62.5%. It has been found that bromine anions contained in CTAB molecules cause the aggregation of some
amount of silver nanoparticles with the formation of silver metal sediment in the aqueous phase. According
to X-ray photoelectron spectroscopy data, the sediment contains bromide ions (up to 4 at %) on the particle
surface. Organosols synthesized under optimal conditions are stable for more than 7 months and withstand
repeated cycles of drying and redispersing. Silver organosols have been used to obtain metal films with an
electrical conductivity of about 68 500 S/cm, which increases to 412000 and 509500 S/cm (87.8% of the elec-
trical conductivity of bulk silver) after thermal treatment at 150 and 250°C, respectively.
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INTRODUCTION

Organosols of silver nanoparticles can be used for
the production of optical devices, chemical and bio-
logical sensors, catalysts, antibacterial materials, inks
for 2D and 3D printing, composite materials, etc. [1—7].

Among numerous methods employed to produce
silver organosols, the phase transfer method has
gained the greatest popularity. This method consists in
the initial preparation of hydrosols of silver nanoparti-
cles followed by transfer of particles into an organic
phase using surfactants and so-called “phase-transfer
catalysts” [8—15]. Hydrosols are obtained by reducing
aqueous AgNO; solutions with NaBH, [8, 9], forma-
mide [11], hydrazine [12], and other reductants. Tolu-
ene [10], CHCI; [11], cyclohexane [12], hexadecyl-
amine [13], methanol [14, 15], etc., are used as organic
solvents. Formamide, oleic acid, cetyltrimethylam-
monium bromide (CTAB), NaCl, thiols, hexylamine,

dodecylamine, etc., are used to stabilize obtained
hydrosols and increase transfer efficiency [§—15].

This approach makes it possible to easily control
the sizes and morphology of nanoparticles, as well as
to relatively easily isolate them and purify from impu-
rities by selective transfer into an organic phase. How-
ever, in most procedures presented in the literature
and patents, the concentration of silver nanoparticles
in initial hydrosols and organosols obtained from
them seldom exceeds 0.5—1 g/L. The use of such low-
productive synthesis methods leads to a decrease in
the efficiency and profitability of their production and
causes the need in the disposal and recycling of large
amounts of waste solutions.

Previously, we used the citrate—sulfate procedure
(the so-called Carey Lea method [16]) to develop a
simple and highly productive technology for the syn-
thesis of uniform high-concentrated silver disper-
sions, which had metal concentration of 30—2100 g/L
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and were stable with respect to aggregation [17—20].
The goal of this work was to study the features of the
transfer of Ag’ NPs from an aqueous phase into o-
xylene in the presence of cetyltrimethylammonium
bromide, as well as to reveal the regularities of changes
in the physicochemical properties of silver nanoparti-
cles upon the passage from hydrosols to materials
based thereon.

EXPERIMENTAL

The following reagents were used in the work:
AgNO,;, Na,Cit-5.5H,0, and FeSO,-7H,O (Khim-
reaktivsnab); o-xylene (EKOS-1); CTAB (Fluka); and
ethanol (95%, Constanta-Pharm M). All reagents
were of the reagent or extra pure grade and used as
received. Aqueous solutions of the reagents were pre-
pared immediately before experiments in deionized
water of the Milli-Q grade.

Silver metal nanoparticles were synthesized at
room temperature under stirring on a magnetic stirrer
at 200 rpm. An AgNO; solution (50 mL, 0.6 M) was
added to a mixture of aqueous solutions of FeSO,
(50 mL, 1.08 M) and sodium citrate (70 mL, 1.36 M);
then, the reaction mixture was stirred for 5 min more.
The following reaction yielded a black—brown sedi-
ment of coagulated silver nanoparticles:

FeSO, + Na,Cit + AgNO;

1
— FeCit + Na,SO, + NaNO, + Agl. 1)

To purify the particles from soluble reaction prod-
ucts and intact reagents, the coagulant was centrifuged
for 5 min at 1000 rpm, the sediment was separated and
peptized in water (25 mL); the nanoparticles were
coagulated once more under the action of a sodium
citrate solution (25 mL, 0.3 M), and centrifuged again.
The coagulation—centrifugation—peptization proce-
dure was repeated 3—4 times; thereafter, the sediment
was peptized in the initial volume of deionized water.
The hydrosols purified in this way contained less than
3 wt % sodium citrate and trace amounts of iron ions.

To extract nanoparticles into the organic
phase, deionized water and other reagents were added
to purified silver hydrosol (20 mL) to reach the follow-
ing final concentrations: silver, 0.2—0.6 M; ethanol,
0—6 M; and CTAB, 2.5—-20.0 mM. Then, o-xylene
(5—40 mL) was added; the mixture was stirred gently
for 15 min and centrifuged for 5 minutes at 2000 rpm.
After centrifugation, the mixture separated into a
dark-yellow upper organic layer and a colorless aque-
ous layer with some amount of black sediment at the
bottom. The organic phase was decanted. The solvent
was removed under reduced pressure at 30°C until the
metal concentration in the organosol reached
1800 g/L or the sample was completely dry. The sedi-
ment was thoroughly washed with deionized water and
dried at room temperature in air in the dark.

To determine the concentration of silver in hydro-
and organosols, a colloidal solution (1 mL) was
exposed at 150°C until the solvent was completely
removed, the beaker was cooled to room temperature,
and concentrated nitric acid (2 mL) was added to dis-
solve silver. The solution was re-evaporated at 150°C
until white AgNO; crystals arose. The beaker was
cooled to room temperature, AgNO; crystals were dis-
solved in water, Fe(NO;); was added, and titration was
performed with 0.1 M KSCN standard titer under stir-
ring until a stable pink color arose. The results
obtained were used to calculate the extraction degree
as the ratio of the number of moles of silver that passed
into the organic phase to the initial number of moles of
silver in the hydrosol.

Analysis of the stability of organosols with respect
to repeated drying—peptization cycles was carried out
by completely removing the solvent from an organosol
(1 mL) in vacuum and treating the resulting sediment
with o-xylene (1 mL). After four cycles, a sample
(5uL) of organosol was taken and diluted with
o-xylene (20 mL); then, electronic absorption spectra
(EAS) were recorded.

To obtain conductive films, a concentrated silver
organosol (20 uL) was applied onto a dry degreased
cover glass 24 x 24 mm? in size (OOO MiniLab) using
the Doctor Blade Coating method [21] and dried in
air. The glass plates were prepared by treating alter-
nately with 2M NaOH, alcohol, and acetone in an
ultrasonic bath for 10 min and rinsing thoroughly with
deionized water after each step; then, the plates were
air dried. The resulting films had a typical silvery color
and a rather high electrical conductivity. The films
were annealed at temperatures of 100—250°C for 2 hin
air in an LF-15/13-V2 programmable laboratory oven
(LOIP, Russia). The samples were heated in the oven
at arate of 10°C/min to a preset temperature and incu-
bated for 2 h. Then, the oven was turned off, while the
samples were kept in it for 5—12 h until they were
cooled to 40—60°C; thereafter, the samples were with-
drawn. Before and after annealing, the electrical con-
ductivity of the films was measured by the four-probe
method using an ST-2258C multimeter (JG, China).
At least 20 measurements were carried out; the error
did not exceed 2%. The average film thicknesses were
estimated by performing 5—10 scanning electron
microscopic (SEM) measurements of cleavages
obtained from different regions.

X-ray photoelectron spectra (XPS) were recorded
using a SPECS spectrometer (SPECS, Germany)
equipped with a PHOIBOS150 MCD-9 analyzer.
Monochromatic AlK, radiation (1486.6 eV) was
employed. The pressure in the analytical chamber was
10~ mbar. Dynamic light scattering (DLS) studies of
nanoparticle sols were carried out in a glass cell at a
temperature of 25°C using a Zetasizer Nano ZS spec-
trometer (Malvern, United Kingdom) operating at a
scattering angle of 173°. Optical absorption spectra
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were recorded within a wavelength range of 190—
760 nm in quartz cells with a light path of 1 cm using
an AvaSpec2048L instrument (Avantes, the Nether-
lands). Micrographs of nanoparticles were obtained
with an HT7700 transmission electron microscope
(TEM) (Hitachi, Japan) operating at an accelerating
voltage of 80 kV. TEM particle size distribution statis-
tics was estimated on the basis of 3032 and 991 micro-
graphs for the initial hydrosol and organosol, respec-
tively. SEM examinations were carried out with an
SU3500 instrument (Hitachi, Japan) operating at an
accelerating voltage of 20 kV. X-ray diffraction (XRD)
analysis of dried samples was carried out with a Shi-
madzu XRD-6000 device (Shimadzu Corporation,
Japan) using monochromatic Cuk, radiation. Phase
identification was carried out with the help of the
PDF, database file. Cell parameters were refined and
coherent-scattering region (CSR) sizes were deter-
mined using the Topas; software by the Rietveld
method. FTIR spectra were recorded using pellets
containing KBr (1 g) and a dried sample (2 mg) with a
Vector 22 FTIR spectrometer (Bruker, Germany).
Thermogravimetric measurements (TG/DTG) and
differential scanning calorimetry (DSC) were carried
out using an SDT Q600 synchronous thermal analyzer
equipped with a Nicolet 380 FTIR attachment for
exhaust gas analysis within a temperature range of 25—
1000°C at a heating rate of 20°C/min and a gas flow
rate of 50 mL/min in an oxidative atmosphere (N,,
80 vol %; O,, 20 vol %).

RESULTS AND DISCUSSION

Determination of Optimal Conditions for the Extraction
of Silver Nanoparticles with o-Xylene

In preliminary studies of the extraction of silver
nanoparticles with o-xylene from an aqueous phase,
diverse additives of organic compounds were studied:
dodecanethiol, sodium dodecyl sulfate, allylamine,
octylamine, decylmethylamine, dioctylamine, etc.
However, a satisfactory result was obtained only when
using a cationic surfactant, cetyltrimethylammonium
bromide (CTAB).

n-Alkanes, such as C¢H,,, C;H 4, CgH g, CoHy,
C,yH,,, and C\,H,,, were also tested as organic media
for extraction; however, the extraction efficiency was
less than 10%, other conditions being equal. The use
of carcinogenic benzene and toluene was not consid-
ered. Being slightly volatile, moderately toxic, and rel-
atively cheap (~500 rubles/L), o-xylene appeared to be
most efficient in the extraction process.

Initial silver hydrosols with a concentration of
30 g/L had a pH value of 8.3 and a zeta potential of
—35 mV [20]. The negative surface charge of silver
nanoparticles was likely due to the specific adsorption
of citrate anions. In this case, according to the XPS
data (Table 1), the charge is compensated by sodium
cations present in the electrical double layer (EDL).
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Table 1. Atomic concentrations (%) of elements on the sur-
face of silver nanoparticles: initial particles, particles after
extraction, and unextractable with o-xylene

Sample Ag O C Br | N | Na
Hydrosol 13.0 29.4 515 | — | — | 6.1
Organosol 5.7 6.2 8.3 | — | 1.8 | —
Sediment 19.0 6.0 713 | 3.7 | — | —

Upon treatment with cetyltrimethylammonium bro-

mide, these cations are replaced by C,;H;;N(CH,);
cations (in the organosols, nitrogen atoms are present
and sodium atoms are absent on the surface of silver
NPs, Table 1). This probably increases the hydropho-
bicity of the surface of silver nanoparticles, thereby
promoting their transition into the phase of o-xylene
(Fig. 1a).

However, as the amount of CTAB was further
increased, the degree of silver extraction dramatically
decreased at all its studied concentrations, and a black
sediment arose in a hydrosol.

The extraction degree of nanoparticles (Fig. 1b)
increased almost linearly with increasing ethanol con-
centration from 0 to 6 M. Probably, ethanol molecules
acted as “phase-transfer catalysts” reducing the sur-
face tension at the o-xylene—water interface and facil-
itating the transition of nanoparticles into the organic
phase [15].

Dependences of the extraction degree on CTAB
concentration at different V. : Vo volume ratios in
a range of 0.5—2 (not shown) were close to each other
and similar to the curves presented in Fig. 1b. How-
ever, with a decrease in the Vg : Vo ratioto 0.25, the
extraction degree drastically decreased. The maxi-
mum degree of NP extraction (62.5%) was observed at
Vigtene = Vsot = 2, silver NP concentration in the initial
hydrosol of 0.4 M, CTAB concentration of 10 mM,
and ethanol concentration of 2 M.

Figure 2 (curves /) presents the electronic absorp-
tion spectra of the initial silver hydrosol. The spectra
contain a surface plasmon resonance (SPR) band
witha maximum at 393 nm characteristic of Ag’
nanoparticles [17, 18]. However, after metal extraction
with o-xylene (curves 2) the intensity of the SPR max-
imum decreased due to a reduction in the concentra-
tion of Ag NPs in the organic phase as compared with
their concentration in the hydrosol. Moreover, the
maximum shifted to 416—423 nm and a shoulder arose
in a range of 510—540 nm probably because of particle
aggregation. The bathochromic shift of the SPR max-
imum was caused by a change in the optical properties
of the particles as a result of the adsorption of cetyl-
trimethylammonium cations rather than by an
increase in the particle sizes, as was confirmed by the
TEM data [13].

Organosols obtained under optimal conditions
(Cag = 0.4 M, Cerpp = 10 mM, Vijyene & Vit 2 0.5,
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Fig. 1. The influence of (a) CTAB and (b) ethanol concentrations on the degree of silver extraction at different initial Ag0 con-
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Fig. 2. Optical absorption spectra of (/) initial hydrosol, (2) freshly obtained organosol, and (3) organosol after four successive
cycles of drying and peptization. C(CTAB) (mM): (a) 7.5, (b) 10, and (c) 12.5.

Ccnon = 2 M) withstood several cycles of dry-
ing in vacuum at room temperature and redispersing
in o-xylene. Moreover, after four drying—redispersing
cycles, there was only a slight broadening of the SPR
maximum and an increase in the intensity of the
shoulder at 510—540 associated with a slight increase
in the fraction of aggregated NPs (Fig. 2, curves 3).
The high stability of the obtained organosols made it
possible to increase the metal concentration in them to
1800 g/L by partial removal of the solvent, while the
sols retained their stability for more than 7 months.

Study of Hydro- and Organosols of Silver

According to TEM data (Fig. 3), the initial silver
hydrosols contained almost spherical nanoparticles

with a median size of 8.4 nm. After the extraction into
the phase of o-xylene, the shape of the particles
remained actually unchanged. As in the hydrosol, the
particle size distribution in the organosol was lognor-
mal, thereby indicating the presence of some amount
of aggregates. The median particle size after the tran-
sition to the organic phase slightly increased to 9.1 nm.

X-ray phase analysis (Fig. 4a) of all obtained sam-
ples confirmed the presence of only one phase of silver
metal (JCPDS, 4-0783) in them. Refinement of dif-
fraction patterns using the Rietveld method showed
that the CSR for the initial nanoparticles was 7.7 *
0.1 nm; after their extraction with o-xylene, it
increased to 11.7 £ 0.1 nm, thus being in good agreement
with the TEM data. The sediment formed in the aqueous
phase during extraction was also the phase of pure silver

COLLOID JOURNAL 2024



SYNTHESIS AND STUDY OF SUPERHIGH-CONCENTRATED ORGANOSOLS 5

b
==
9
N—
Q
]
s

—

Fraction, %

Fig. 3. TEM microphotographs and corresponding histograms of nanoparticle size distribution in (a) initial hydrosol and (b) after

extraction of nanoparticles with o-xylene.

(b)

1606

12852

(a)
2 E
5 >
— 1 °
[5) —
Y PN
5 g
: %
q %]
= <
3
10 20 30 40 50 60 4000
Angle, 26

3500

1500
1

3000 2500 2000

Wavenumber, cm™

Fig. 4. (a) X-ray phase analysis and (b) FTIR spectra of dried samples of (/) initial silver hydrosols, (2) silver organosols, and (3)

sediment unextractable with o-xylene.

metal; however, the CSR in this sample was 71.3 *+
0.8 nm, probably, due to the Ostwald ripening pro-
cesses [23].

The IR spectra (Fig. 4b) of the initial silver
nanoparticles contain a wide absorption band inherent
in the stretching vibrations of adsorbed water and
structural OH groups (3427 cm™'), asymmetric and
symmetric stretching vibrations of C—H bonds (2920
and 2852 cm™!), asymmetric vibration of C—OH
bonds (1295 and 1077 cm™'), C—O stretching
(1135 cm™') and C—O stretching vibrations (1259 cm™"),
and symmetric and asymmetric vibrations of COO~
(1606 and 1399 cm™') carboxyl groups [18, 24]. A
group of weak bands in the region 980—820 cm™!
could not be reliably identified. The presence of ali-
phatic, hydroxyl, and carboxyl groups in the sample
confirmed the adsorption of citrate ions on the
nanoparticle surface, with this adsorption ensuring
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their stability in multiple coagulation—peptization
processes.

After treatment with ethanol and CTAB and
extraction, there was a natural increase in the intensity
of the absorption bands of C—H bond vibrations at
2920 and 2852 cm™!, as well as the appearance of weak
bands of bending vibrations for the C—N"* bond at
1465 cm~!. In addition, a decrease was observed in the
relative intensity of the bands of symmetric and asym-
metric stretching of COO~ and their shift to the
regions of 1628 cm~! and 1383 cm~!. However, overlap
of the 1628 cm~! band with a characteristic absorption
band of scissor vibrations of water at 1636 cm~! cannot
be ruled out. Apparently, there was a change in the
nature and strength of binding of citrate carboxyl
groups to the nanoparticle surface and a decrease in
their amount upon the treatment with CTAB [18, 24].
In the IR spectra of the sediment, a significant
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formed in hydrosol during extraction.

decrease in the intensity of the absorption band for
C—H vibrations and the almost complete disappear-
ance of all other bands was observed, except for the

absorption band at 1628 cm™'.

The results obtained were confirmed by X-ray pho-
toelectron spectroscopy data. The survey spectra con-
tained lines of Ag, O, C, Br, N, and Na (Table 1,
Fig. 5a). As discussed above, the presence of sodium
ions on the surface of the initial silver nanoparticles,
was associated with the adsorption of sodium citrate.

The surface of Ag® NPs in the organic phase con-
tains higher concentrations of carbon and lower con-
centrations of oxygen than those in the hydrosols, as
well as nitrogen atoms due to the adsorption of CTAB.
Since there are no bromine lines on the surface of this
sample, it is likely that cetyltrimethylammonium cat-
ions replace Na' in the EDL. The silver sediment
formed in the aqueous phase during extraction, on the
contrary, contains bromide ions, probably due to their
adsorption on the surface of nanoparticles, which
leads to their aggregation and sedimentation [22].

Ag 3d;, line (Fig. 5b) in the spectrum of the initial
nanoparticles had a binding energy of about 368.2 eV
characteristic of silver metal [20]. However, in the
organosol, the binding energy shifted to 367.5 eV
apparently due to the adsorption of quaternary ammo-
nium cations on the particle surface or silver surface
oxidation [25]. In the silver sediment, the binding
energy was 367.9 eV, which could correspond to the
formation of some amount of AgBr on the surface of
the particles [26].

The C 1s carbon line (Fig. 5¢) in the spectrum of
the initial silver nanoparticles contained signals of ali-
phatic carbon at 285.0 eV (C—H, C—C), alcohol

groups at 286.5 eV (R—OH), and carboxyl groups at
288.6 eV (COO") of adsorbed sodium citrate [27—29].
After treatment with CTAB solutions, a component of
carbon bound to nitrogen arose in the spectra at
285.8 eV (C—N™); a decrease in the relative contribu-
tion of COO~ and R—OH groups and a reduction in
binding energy to 287.5 eV for COO~ were observed.
This may also indicate the sorption of cetyltrimeth-
ylammonium cations on the surface of nanoparticles.

The O 1s line (Fig. 5d) of the initial nanoparticles
contained components corresponding to oxygen of
OH groups (531.1 eV), —COO~ groups (532.0 eV),
alcohol group R—OH (533.4 ¢V), and adsorbed water
(535.5 eV) [17-20]. After the treatment with CTAB
solutions, the binding energy of the groups remaining
on the surface increased to 532.6 eV (—COO™) and
533.9eV (R—OH) probably due to the transfer of electron
density from the sorbed cetyltrimethylammonium cation
to the oxygen atom in the —COO~ group [30].

Study of Films Obtained by Deposition
of Silver Organosols

The TG and DSC curves measured for the dried
organosol in the air atmosphere are presented in
Fig. 6a. In a temperature range of 25—400°C, the TG
curve exhibits several stages of mass loss accompanied
by weakly expressed exothermic maxima at 207 and
282°C against the strong endothermic background, as
well as an exothermic effect at 343°C. At 7 < 100°C,
the solvent was removed. Analysis of the exhaust gases
(Fig. 6b) recorded the removal of esters in a range of
180—260°C (maximum at 220°C), mixtures of alkanes
and/or ketones in a range of 190—390°C (maximum at
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of exhaust gases.

290°C) and carbon dioxide in a range of 180—400°C.
These substances are the products of the thermal
decomposition and partial oxidation of residual sol-
vent and organic compounds adsorbed on the surface
of nanoparticles. A decrease in sample mass by 0.8%
in a temperature range of 660—850°C occurred with-
out pronounced thermal effects and was not registered
in the IR spectra. A pronounced endothermal effect in
the DSC curve at 939°C unaccompanied by a change
in mass corresponded to the melting of silver nanopar-
ticles, which, due to size effects, occurred almost 23°C
lower than the melting temperature of bulk silver [31].

The obtained silver organosols with a concentra-
tion of 800—1000 g/L were applied onto a dry
degreased surface of a cover glass using the Doctor
Blade Coating method [21]. Evaporation of o-xylene
at room temperature left a spot with a typical metallic
luster and a low electrical resistance (about
68500 S/cm). The resulting films had a good adhesion
to the surface and, if necessary, could be washed off
with o-xylene or hexane. According to the SEM data
(Fig. 7), the films had the same thickness (1 um) and
a slight roughness and were formed by submicron-
sized agglomerates consisting of smaller particles. It
was found that, in one application procedure, as a
result of increasing the volume of organosol applied
per unit area of the substrate, thicker films (up to
20 um) could be obtained.

When the obtained films were heated in air (Fig. 8)
for 2 h, the surface color changed to matte white and
the electrical conductivity increased to 76164 S/cm
(25°C) already at 100°C. With a further increase in the
annealing temperature to 150°C, the specific electrical
conductivity grew by almost six times and reached a
value of 411939 S/cm, which amounted to 66.4% of

COLLOID JOURNAL 2024

the electrical conductivity of the bulk silver sample at
this temperature.

After annealing the initial films for 2 h at a tem-
perature of 250°C, the film thickness decreased
almost twofold due to sintering of the initial nanopar-
ticles with the formation of a pronounced fine struc-
ture formed by submicron silver particles with insig-
nificant porosity. In this case, the electrical conduc-
tivity of the films reached 509500 S/cm, which
corresponded to 87.8% of the electrical conductivity of
bulk silver. It is worth noting that, according to litera-
ture data, during the heat treatment at 250°C [32] or
laser sintering [33] of conductive ink formed by silver
nanoparticles, the specific electrical conductivity of
the resulting material seldom exceeds 20% of the con-
ductivity of bulk silver.

CONCLUSIONS

In this work, a modified citrate—sulfate (Carey
Lea) method has been used to synthesize hydrosols of
silver metal nanoparticles with a median particle size
of 8.4 nm and a concentration of 30 g/L stabilized with
citrate ions and products of their partial decomposi-
tion. The obtained hydrosols have been used to study
the features of the transfer of silver NPs into the phase
of o-xylene in the presence of cetyltrimethylammo-
nium bromide and ethanol. Using XPS, IR spectros-
copy, and thermal analysis, it has been found that,
during the extraction process, cetyltrimethylammo-
nium cations replace sodium cations in the adsorption
layer on the surface of silver nanoparticles, thereby
increasing their hydrophobicity and facilitating the
transition into the phase of o-xylene (extraction degree
0f 62.5%). At the same time, the size and morphology
of the nanoparticles remain actually unchanged. The
resulting silver organosols are stable in the course of
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o-xylene and can be concentrated by partial removal of of the organosols have an electrical conductivity of
the solvent to a metal content of 1800 g/L. about 68500 S/cm, which increases by more than
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Fig. 8. Appearance of a droplet of organosol with a metal concentration of 1800 g/L and the dependence of the specific electrical
conductivity of obtained films relative to bulk silver on annealing temperature.
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6.0and 7.4 times after heat treatment at 150 and
250°C, respectively.
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