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Photochemical production of gold films on the surface of fabric materials
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A technology for producing gold films on the surface of fabric materials has been developed, which provides for
preliminary wetting of the fabric product with aqueous solutions of gold (III) chloride. In this case, a sorption layer
of gold chloride is formed on the surface of fabric materials. Then, when drying these products under sunlight,
physicochemical and photochemical processes occur, leading initially to the formation of monovalent gold chlorides,
which, having semiconductor properties, provide the release of elemental gold. After washing of by-products on the
surface of the material remains an ultra-thin film of gold, which has a sufficiently strong grip on the base. Since
the proposed technology does not require special equipment it can be used to apply functional films of gold on
various products of technical, household and medical purposes.
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INTRODUCTION

Due to some features of physical and chemical prop-
erties, the coating of various materials made of gold
has found wide applications in engineering, medicine
and in everyday life. These features include: corrosion
resistance, high electrical and thermal conductivity, low
and stable transient resistance in time, catalytic activity,
bactericidal, decorative appearance® 2. The use of gold
as a catalyst in the fuel system of cars is promising®. The
exceptional ability of gold to reflect infrared rays allows it
to be used in the glass industry, for the metallization of
window panes of buildings. In the hot summer months,
a significant amount of infrared radiation passes through
the window panes of buildings, which leads to heating of
the premises. If you use a special glass with an insert of
a thin gold film (0.13 microns), it will reflect most of the
infrared rays and lower the temperature in the building’.

The bactericidal activity of gold is lower than that of
silver; however, a small addition of gold enhances the
activity of silver. The combination of gold and silver
nanoparticles can significantly extend the effect of silver
used in the manufacture of antimicrobial clothing®.

There are a number of methods for coating or films
on dielectric materials. These methods can be divided
into physical and chemical. In the physical method,
pre-molten metal particles are sprayed onto the coated
surface with compressed air or gas. Liquid metal par-
ticles on the way to the surface are partially cooled and
only melt the surface, sticking to it. A variation of this
method is vacuum metallization®”.

For the gilding of dielectrics, a method for depositing
gold nanoparticles on silica microspheres is known, based
on the thermal decomposition of volatile gold compounds.
In this case, pairs of the volatile organometallic complex
are used: dipivaloyl methanate dimethylgold, which at
appropriate temperatures under vacuum conditions is
reduced to form gold nanoparticles on the surface of
microspheres®.

The advantage of physical methods of gilding is the
possibility of applying gold directly to the surface of the
product; the disadvantage is the need for expensive and
complex installations. The disadvantage of a number
of physical methods is also the need for preliminary

preparation of metal nanoparticles, the difficulty of me-
tallization of the internal surfaces of porous materials,
the complexity of regulating the thickness of the coating.

For chemical deposition of metal coatings, reducing
agents in the gas phase or compounds dissolved in an
electrolyte solution are used.

Hydrogen® and phosphine'® are proposed as reducing
agents in the gas phase. The hydrogen reduction reaction
is carried out at a high temperature, about several hun-
dred degrees. In this way, it is possible to obtain coatings
from a fairly large number of metals, but they need to
have special equipment for heating and dosing of gas
mixtures limits the wide application of the method. The
use of phosphine allows the process to be carried out at
low temperatures and to obtain coatings containing non-
-metallic inclusions, in a particular diamond. In addition,
with this method, it is possible to obtain coatings that
have a decorative effect. But in general, this method is
associated with certain difficulties due to the toxicity of
the gas and the need for the process in sealed devices.

As liquid-phase chemical reducing agents, dimethylbo-
rane, hydrazine sulfate, sodium hypophosphite, citric or
tartaric acid salts are most often used®. In this case, the
surface of the dielectrics must be pre-activated. To obtain
gold films, a contact method is also used, which consists
of the reaction of substitution of the underlying metal
for gold. It is obvious that in this case, it is necessary
to pre-apply to the dielectric films of metals that can
be replaced by gold. Usually, it is copper or nickel'.

It should be noted photochemical production of copper,
silver and gold nanoparticles on the surface of polymer
microspheres'?. It is noted that the surfaces of polymer
microspheres, acting as sorption centers of metal nano-
particles, provide the possibility of obtaining the latter
in the form of stable dispersions. The disadvantage of
the method is that the photochemical reaction with the
formation of gold occurs only at a certain structure of
the dielectric. Also in these works, the mechanism of
photochemical reactions in the centers of sorption of
metal nanoparticles is not disclosed.



EXPERIMENTAL PART

It is known that most monovalent compounds of the
copper subgroup disintegrate easily when heated slightly
and under the action of light>. The photosensitivity of
silver halides is used for photographic emulsions. It is
also known that metal halides of the copper subgroup
belong to the binary semiconductor. Therefore there
is a connection between semiconductor properties and
photosensitivity.

Therefore, to obtain metal films by photochemical
method, it is necessary to create a layer of monovalent
compounds of these metals on the dielectric surface. The
use of aqueous suspensions of these compounds for this
purpose is practically difficult since there are problems
with the homogeneity of the films, their adhesion to the
base. Therefore, the option of applying uniform films of
soluble copper and gold compounds to the surface of
materials, followed by their transfer to solid-phase mon-
ovalent compounds, is considered. Cotton gauze fabric
(article AA010278), widely used for medical purposes,
and synthetic polystyrene fabric were used for the study.

When conducting experiments on the application of
gold films, tissue samples were immersed in a solution
of 10 g/l AuCl, for 3 minutes.

In some experiments, a part of the sample surface
was screened with a polymer spacer, which allowed
distinguishing the boundary between the illuminated
and unlit parts of the sample.

Then the sample was exposed to sunlight and kept until
the film dries. After that, the spacer was removed and
the sample was thoroughly washed with distilled water.
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Figure 1. Photos of tissue samples after photochemical gilding
operation: a — the bright areas; b — spacer shielded
areas

Similar operations were performed with samples of
cotton fabric for 3 minutes lowered into a solution
containing 10 g/l AuCl;. Then, by shaking, the excess
solution of chlorine gold was removed. After that, the
sample was illuminated with rays of sunlight. In this
case, individual sections were screened with an opaque
spacer made of a polymeric material.

Upon complete drying, a film of dark color was formed
on the surface of the sample, characteristic of elemental
gold obtained from salt solutions with the help of various
reducing agents. Moreover, the film was formed only on
the illuminated areas; the areas that were screened by
a polymer spacer remained unchanged (Fig. 1).

Determination of thickness of films by means of “thre-
ads-witnesses” by the technique stated in work’.

The study of the composition of the film on various
samples was carried out on a raster electron microscope
ISM-6490-LV.
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Figure 2 shows the border areas of the fabric, illumina-
ted by the sun and obscured by an opaque spacer. At the
same time, the darkened areas retained the dark color
characteristic of the original fabric, and the illuminated
areas acquired light tones characteristic of metals.

Figure 2. The boundary between the illuminated (right) and
dark (left) areas of cotton fabric

The results of the analysis of the elemental composition
of the surface layers of cotton fabric show the following.
On the areas of fabric darkened by an opaque spacer
(Fig. 2) color tissue, not changes, only on individual
tracts are observed small the bright point. Elemental
analysis shows that in addition to the elements char-
acteristic of the original tissue (carbon, oxygen, silicon,
calcium), a small amount of gold and chlorine is added.
This indicates that the main part of the water-soluble
layer of chlorine gold in these areas, as a result of the
operation remains unchanged, and is removed by wash-
ing with water.

In the illuminated areas, a layer of elemental gold is
formed as a result of photochemical reactions. At the
same time, if consider that the surface layer contains
0.02 atomic percent of chlorine, which binds the same
amount of atomic percent of gold in insoluble AuCI, and
the total gold content is 0.60 atomic percent, more than
97% of the gold on the surface is in the form of metal.

When studying the structure (Fig. 3) of films consisting
of metals of the copper subgroup, it was found that in all
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Figure 3. Structure of films of copper subgroup metals
obtained by the photochemical method
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Table 1. Elemental composition of surface layers of cotton fabric

Element Composition of illuminated areas, % Composition of the dark areas, %

mass atomic mass atomic
C 45.88 57.12 49.29 56.90
[¢] 44.73 41.70 48.95 42.50
Si 0.95 0.50 0.84 0.41
Cl 0.04 0.02 0.09 0.04
Ca 0.09 0.03 0.19 0.06
Au 7.87 0.60 0.64 0.04

cases they are formed in the form of spherical particles,
the average diameter of which is from several tens to
several hundred nanometers.

Probably, depending on the intensity of the sun’s
rays, a certain number of quanta of light is absorbed
by the system and drives charged particles: electrons or
vacancies. The excess energy obtained by these particles
allows you to go some distance and spend their oxida-
tive or reducing process. At the same time, it is more
energetically advantageous for electrons to move through
already formed metal structures, giving them a spherical
shape. Since the growth of the film occurs in different
directions, including in areas where light does not get
the thickness of the film can reach several micrometers.

CONCLUSION

In general, the thickness of the resulting films depends
on several factors: the intensity of light rays, the struc-
ture of the fabric surface, the concentration of metal
ions, the degree of reduction, the drying temperature,
the presence of impurities. It is very difficult to take
into account all these factors. But the main factor will
be the concentration of metal ions. Thus, it was found
that with an increase in AuCl, concentration from 1 g/l
to 100 g/l, the total thickness of the coating varies from
0.09 microns to 1.5 microns.
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