Cryochemical synthesis of silver organosols in methyl acrylate
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Joint condensation of silver vapour and methyl acrylate under vacuum onto a surface cooled with liquid nitrogen, followed by
heating of the resulting co-condensate to room temperature, leads to partial polymerisation of the methyl acrylate and formation of
highly stable organosols containing up to ~0.5 mg ml™" of silver; the size of the metal particles does not exceed 15 nm.

Metal organosols are convenient objects both for thénductively coupled plasma. The silver was vaporised from a
investigation of the physicochemical properties of metallicquartz crucible heated with a tungsten coil. The methyl acrylate
nano-sized particles and for the preparation of metal-containintp be vaporised was maintained at —35°C to —40 °C. This
polymerst supported metallic catalyéts and metallic  procedure permits changing the concentration of the metal in
coatings®>® Some unusual properties of metallic nano-sizedthe co-condensate by varying the rates of vaporisation of the
particles and their precursors, atoms and small clusters, imomponents. When the silver content increases, the colour of
particular, their high reactivity and tendency for aggregétion,the co-condensate changes from pale-yellow to dark-brown.
hamper the preparation of highly concentrated metal-containing/hen methyl acrylate is removed from the resulting organosol
disperse systems, with a narrow size distribution of particleformed after melting of the co-condensate, a transparent
The use of unsaturated organic compounds as disperse systetiask-brown rubber-like film, readily soluble in acetone and
might be promising as a solution to this probfemn.this case, chloroform, is left at the bottom of the reactor. The fact that the
there is no need to introduce additional compounds such &sl NMR spectrum recorded after dissolution of this film in
surfactants into the system, because stabilisation can WeDCIl; contains no signals typical of the GHCH group
achieved due to the more efficient interaction of the surfac@rotons ¢ ~6 ppm) indicates in our opinion that the methyl
metal atoms with the monomer molecules. The ability of aacrylate has polymerised during the cryochemical experiment.
series of monomers, for exampl@-xylene, to undergo To estimate the vyield of the polymer, a polymerisation
low-temperature polymerisation in the solid phase opens thhibitor — the stable 2,2,6,6-tetramethylpiperidine-1-oxyl
way for a direct crbyochemical synthesis of metal-polymer nanoradical (TEMPO, 1% M) — was added to the organosol just
sized composite® after melting. The remaining monomer was then removed by

In this paper, we present the results obtained during thee-freezing into a tube cooled by liquid nitrogen and the
preparation of stable silver organosols in methyl acrylate bylifference between the volumes of the evaporated and
semi-preparative cryochemistry. Silver and methyl acrylateecovered methyl acrylate was determined. According to the
were chosen as objects for the study, because the state of snedtimates, the degree of conversion of methyl acrylate under the
silver particles in organosols can be monitored by opticakxperimental conditions was 1-2 vol.%. A similar result has
spectroscopy® and because it was of interest to preparebeen obtained by comparing the integral intensities of the
metal-containing polymers of the acrylic series. signals corresponding to the ggroups in théH NMR spectra

Organosols were obtained by low-temperature co-condensati@f solutions of the organosol in CDQVith the intensities of
of silver and methyl acrylate vapour at a pressure of 10the same signals in the spectra of solutions of the silver-
to 107 Torr on the interior surface of a glass reactor, immersedontaining polymer in CDGI In the control experiments on
into a Dewar vessel with liquid nitrogen, and subsequentne-component condensation of methyl acrylate (without metal
melting of the co-condensate by heating the reactor to roonm the heated crucible), the conditions of which were strictly
temperaturé:® The content of the metal in the organosols wasdentical to those of the joint condensation of the monomer
determined by atomic emission spectroscopy with arwith silver, we could not detect any substantial amounts of the

polymer. This important result indicates that in this case, as in
1.0r the case of polymerisation of acrylic acid that occurred with a
yield of 30 to 50vol.% only under conditions of joint
condensation with silvéf, polymerisation of methyl acrylate is
0.8 initiated by atoms or nano-sized particles of silver rather than
by emission of the heated metal vaporiser.

Figure 1 presents a typical absorption spectrum of the
organosol obtained after melting of the co-condensate. The
observed absorption band with a maximum at 400 nm is
characteristic of spherical particles of colloidal silee20 nm
in diameter. The position of the absorption band in the
0.4- spectrum of the organosol is consistent with the results of
transmission electron microscopy shown in Figure 2. The
resulting photomicrographs indicate that the organosol contains
0.2 silver particles with sizes not exceeding 15 nm. The absorption
spectra in acetone of the silver-containing polymer isolated
from the organosol and photomicrographs of the particles
. . . present in it are similar to those shown in Figures 1 and 2.
300 400 500 600 700 According to the optical spectrometry data, all the systems

A/nm obtained are resistant toward aggregation over a period of
months.
Figure 1 Absorption spectrum of the organosol of silver in methyl [N our opinion, the aggregative stability of these sols is due
acrylate. Silver content 0.45 mgloptical length of the cell 0.5 mm. to silver-induced polymerisation of methyl acrylate.
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Figure 2 Photomicrograph of silver in the Ag/methyl acrylate organosol.

Apparently, the macromolecules arising in the polymerisation
are bound fairly strongly to silver thus forming a shell
preventing the aggregation of nano-sized particles. It is also
quite likely that, while initiating the polymerisation of methyl
acrylate, silver particles acquire an electric charge that ensures
an electrostatic contribution to the stabilisation of the sols.
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