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Methods of synthesis of silver salts of halogenated and fatty organic acids:
silver acetate, silver trifluoroacetate, silver n-butyrate, and silver monohlorpropionat
were reported. Silver salts can be used to obtain silver nanoparticles in non-aqueous
media. Structures of this compounds was proved by means of various physical and
chemical methods (IR spectroscopy, X-ray diffraction and elemental analysis). Listed
methods will provide silver salts with high quality and good yield.
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The development of modern science in
the field of nanotechnology opens up new
prospects for the use of nanoparticles - objects
with dimensionslessthan 100 nm. In such afinely
divided form many compounds and individual
chemical elements exhibit special chemical and
physical properties. Silver nanoparticlesareknown
for along time ashaving high bactericidal activity,
catalytic propertiesand applicability for useinthe
microelectronics industry to establish conductive
connections.

In recent years, interest in nanoparticles
and materials based on them is growing like an
avalanche mainly due to their unusual physical
characteristicsdifferent from the properties of the
respective compact materials. Silver nanoparticles
are a new class of materials with significant
compared with particul ates differencesin physico-
chemical properties, optical, electromagnetic, and
catalytic properties.
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In nanoscale virtually any material
exhibits unique properties. Physical properties of
the silver nanoparticles are different from the
properties of macromolecular silver (for example,
reducing the particle size leadsto adecreaseinits
melting temperature).

Specific properties of metals in a
superdispersed state (particles of ananometer size)
offer great possibilitiesfor creation of new efficient
catalysts, sensor systems, drugs of high biological
activity to use in ecology, medicine, agriculture'.
Successin scientific researchesand in use of metal
nanoparticles mainly depend on abilities of the
synthesis methods, namely, if the chosen method
allows to obtain nanoparticles meeting the
reguirements of this scientific and practical task.
Thus one of the main problemsisthe synthesis of
sufficiently stable nanoparticles of an assigned
size, preserving high chemical or biological activity
for alongtime.

The greatest influence on the
characteristics and behavior of nanoparticles
including silver nanoparticles having the ratio of
surface area to volume. Reducing particle size
reduces its volume and a proportional increase in
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the number of atoms on the surface of the particles.
Consequently, the surface properties of the material
will dominateits propertiesin the macrostructure.
Furthermore, the structure and properties of the
surface of the nanoparticles (including silver)
depends on the modification of their surfaceswith
various components such as enzymes that can
alter their toxic and biocidal properties, and changes
in their catalytic activity. You also need to take
into account the surface modification of silver
nanoparticles components of the environment, and
their ability to aggregate. These circumstances
strongly affect the physical, chemical and
physiological characteristics of the nanoparticles.
The nanoparticles of metallic silver, typically have
a shape close to spherical, and can form large
aggregates.

There are methods for synthesis based
on aphysical impact, chemical synthesis methods
are also applicable biosynthesis of silver
nanoparticles. Methods for the synthesis of silver
nanoparticles based on the physical effects
include: photochemical reactions, sonochemical
reactions, radiochemical reaction, laser ablation.
These methods conventionally refers to the
physical, as a result of physical and chemical
processes occurring impact recovery of silver
nanoparticles. Using physical methods can be
initiated in condensed matter chemical reactions
leading to the formation of metal nanoparticles.
However, the nature of the basic process is the
chemical. Asreducing agentsused in the synthesis
of the nanoparticles, both inorganic and organic
compounds. Among the inorganic reducing agents
most commonly used sodium borohydride. This
reaction can be carried out in a water, organic,
agueous-organic medium. Additional organic
reductants commonly used sodium citrate, amines
and hydrazine, aldehydes and sugars. Many high
molecular weight organic compoundsarealso able
to recover themetal cations under mild conditions.

A chemicd synthesisisoneof thecommon
methodsto get nanosized metd particles, characterized
by unusual physical and chemica properties?. It is
connected with thereduction of metal ions. Colloidal
solutions are formed in the synthesis under the
required conditions. Stability, size and distribution
by the colloida particle size, the further changes
depend on many factors, including the dispersion
medium propertiesand the temperature.
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Aqueousor nonaqueous solventsareused asthe
medium

To increase the stability of nano-sized
stateisintroduced into the reaction medium further
component a stabilizer. Itsroleisto interact with
the surface atoms, which leads to a reduction of
excess surface energy. As stabilizers use various
materials, but often - sulfur-containing organic
compounds (thiols, disulfides, sulfur-containing
heterocyclic compound), a surfactant, organic
compounds with polar functional group. Quite
often the reducing agent or its oxidation product
acts as a stabilizing agent.

The problem of stability, which is dueto
the high reactivity with respect to the low
frequency components of the medium particlesand
the tendency to unite to form thermodynamically
stable metal phase is achieved by creating a
protective sheaths of the respective chemicals on
the surface of nanosized metal particles,
introducing particles into the polymer matrix and
porous, binding of nanosized metal particles on
solid substrates, and also due to the stabilization
of the chargein polar media. Inthisregard, one of
the most convenient and effective methods of
producing afusion of nanosized metal particlesin
reverse micellest, wherevin thegrowth of nanosized
metal particlesoccursdueto the chemical recovery
original ionic form of the metal in the dispersed
aqueous phase, solubilized in the internal cavity
of the polar micelle, and protective function for
particles of shell itself carries the micelles of
aggregated molecules of surfactant (surfactant).
Widespread chemical synthesismethod isdueto
itssimplicity and accessibility

Silver nanoparticleshave unique optical,
electrical, and thermal properties and are being
incorporated into products that range from
photovoltaics to biological and chemical sensors.
Silver nanoparticlesareincluded in the composition
of the coatings to absorb solar energy, are used as
catalysts for chemical reactions as antimicrobials
and disinfectants, silver nanoparticles are
components of food packaging. Nanoparticles
formed by dissolving silver cations have abiocidal
effect against many bacteria. Additives impart
antibacterial propertiesof nanosilver clothes, paint,
enamel and other materials. Wide spectrum
antimicrobial action of silver, noresistancetoitin
the magjority of pathogenic microorganisms, low
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toxicity, lack of dataon the allergenic properties of
silver, as well as good tolerance by patients has
increased interest in silver, in many countries of
theworld.

Colloidal Silver

A natural antibiotic approved for usein
the United States by the Federal Commission on
nutrition and medicine back in 1920. In Russia
Colloidal silver has also been praised doctors that
contributed to its active use. The most important
field of application of thismaterial isthe children’s
products industry due to the antibacterial effects
of silver nanoparticles®. The increased interest in
silver arose again in connection with the
identification of its action in the body as a trace
element necessary for normal functioning of organs
and systems, immunokorrigirujushchej, and
powerful antibacterial and antiviral properties.
Efficacy of bactericidal action of colloidal silver
due to the ability to suppress the work of the
enzyme by which provided oxygen exchange in
the simplest organisms. So simple alien
microorganisms die in the presence of silver ions
due to violation of the oxygen supply necessary
for their livelihoods. Modern research actions
colloidal silver ions have shown that they possess
apronounced ability to neutralize vacciniavirus,
some strains of influenza virus, enteritis - and
adenoviruses. In addition, they have a good
therapeutic effect in thetreatment of viral enteritis
and swine in dogs. In this treatment revealed
advantage colloidal silver ascompared to standard
therapy. Observed beneficial effects of colloidal
silver ions on the healing of venous ulcers
developing in circulatory disorders of the lower
limbs. In neither case was not observed adverse
effectsof treatment with silver.

Calloidal nanosilver

A product consisting of microscopic
silver nanoparticles suspended in demineralised
and de-ionised water. This product ismade of high
scientific technology electrolytic method.

Typica silver nanoparticles have a size
of 25-100 nm. They havean extremely large specific
surface area, which increases the contact area of
silver with bacteria or viruses, greatly improving
its bactericidal action. Thus, the use of silver
nanoparticle allows hundreds of times to reduce
the concentration of silver retaining all bactericidal
properties. Bactericidal additive based on silver
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nanoparticlesis one of the latest achievements of
Russian sciencein thefield of nanobiotechnol ogy.

High chemical activity of the synthesized
nanoparticles, along with their ability to
spontaneous aggregation of the loss of the above
properties make the actual problem of stabilizing
the nanoparticles. Among the methods of
stabilization are the main matrix isolation, surface
functionalization of nanoparticles groups or
protective layers and localization of nanoparticles
on the surface of carriers of different nature. The
most common method is matrix isolation in this
caseisused asamatrix polymer of the matrix type
(organic and inorganic polymers)*. The second
type of stabilization is to cover the functional
groups of the nanoparticles of different nature.
Most commonly used for these purposes, thiols,
carboxylic acids, polyacrylic acid,
polydimethylsiloxane, various surfactants, etc. In
recent years begun to develop a third method of
stabilizing the nanoparticles comprising the
localization of thelatter on the surface of granules
of different nature having the characteristic size of
the order of hundreds of nanometers. In this case
objectswith dimensions of tens of nanometersare
localized on the surface.

A considerable number of known methods
for producing silver nanoparticles due to a
chemical reaction in an aqueous medium. However,
for many practical applications, the silver
nanoparticles is important to obtain silver
nanoparticles in agueous media such as organic
solventsand polymeric matrix. Also preparation of
nanoparticles of silver in non-aqueous media
opens new possihilities control the shape and
dimensions of the nanoparticles, and thus,
influence ontheir biological, chemical and physical
properties. During the performance will be studied
patterns chemical interactions silver compounds
with different reagentsin avariety of non-agueous
mediaincluding polymeric matrix resulting in the
formation of silver nanoparticles prescribed shapes
and sizes.

Particularly important study questions
introduction of silver nanoparticles in the
polymeric materialsby synthesizing them directly
into the polymer matrix, and developing methods
for producing silver nanoparticles certain
predetermined size and morphological
characteristics with the most pronounced
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antibacterial properties and suitable for
incorporation into a wide range of hydrophobic
polymers to create a nanocomposite®.

Nanocomposite materials containing
silver nanoparticles have unique properties and
promising for medicine, optoelectronics,
nanophotonics and catalysis The properties of
silver nanoparticles (dimension, distribution,
stability, and others.) Depend essentially on the
nature of the stabilizing polymer matrix, and the
conditions of formation nanoparticles in the
composite. Nanoparticlesof metalsand metal oxides
- intensively devel oped in recent years, the area of
physical chemistry of nano-sized state. Structural
organizatsiyatakih nanoparticles - a serious
problem, without whichitisdifficult to determine
and optimizetheareaof their practical use. Use of
polymers as stabilizers nanoscale particles is an
important issue. Particularly relevant isthe creation
of polymer nanocomposites modified with silver
nanoparticles and study their bacteriostatic and
antibacterial properties.

To modify the surface of polymers with
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Fig. 1. Diagrammatic representation of dependences of the distance
between nanoparticles using various salts of fatty acids as precursors®

We propose to use as a precursor for the
silver nanoparticle synthesis both silver salts of
hal ogenated and fatty organic acids, well-known
in the literature, - silver acetate, silver
trifluoroacetate, silver n-butyrate, and silver
monochloroacetate not described yet.
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silver nanoparticles they should be in the organic
phase, therefore, it isvery important to determine
the possibility of the silver nanoparticle synthesis
in organic solvents.

The synthesis in low-polarity organic
mediaallowsto get metallic polymeric material s of
high optical transparency, and to synthesize
guantum dotsfixed in solid optical matrices®®. The
result of the synthesisislargely determined by the
degree of study of colloidal systems and
processes, as well as by the influence of various
factors on their course.

The use for the synthesis of
nanoparticles of acid salt silver with along chain
(for example, acetic, stearic, butyric acids) can be
grounded by the fact that adsorbing on silver
nanoparticles, long hydrocarbon radicals may
stabilizethe particles’ (Figure 1), preventing their
aggregation. Nanoparticles passivated this way
are stable under normal conditions either in
solution!®*, inthinfilms, or powders. The powders
may then be dispersed in non-polar solvents'>2,

[T

f " Silver
Nanoparticle

Cl8u-Ag

In spite of many techniques of synthesis
of silver salts of fatty acids are described in the
literature. These compounds are not present in the
national catalogs.

A method of silver carboxylate synthesis
is known consisting of interaction of an agueous
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solution of silver nitrate and a solution of
ammonium salt of organic acid®.

Organicsilver salts of general formulaof
I H, ,0,Ag, where %=3-24, 26, 28 were also
obtained by reaction of alcoholic solution of
sodium salt of the corresponding fatty acid with
an aqueous solution of silver nitrate. Solution an
organic acid in ethanol, was added an equivalent
amount of agueous solution of sodium hydroxide.
An equivalent amount of silver nitrate was added
to this alkanate solution. The precipitation was
filtered off and washed with water?.

Since it is known that silver
monochloroacetateis used to produce apolymeric
material used in surgery for the manufacture of
absorbable surgical sutures in the body. This
material was prepared by copolymerizing
monochloroacetate silver glycolic acid by
photoinduced polymerization in the solid phase .

As starting material for obtaining
monochloroacetate silver commonly used inorganic
silver salts, and in particular, silver nitrate. Thus,
according to the well-known publications?, the
source of silver nitrate in the first stage of the
process is treated with ethanolic potassium
hydroxideto form adispersion of silver hydroxide,
and then in a second stage to the resulting
dispersion of silver hydroxide was added
chloroacetic acid. Thereaction mixtureisincubated
for 1 hour with stirring and at atemperature of 50C
and the precipitated title product isfiltered off and
recrystallized from water and dried in vacuo. Yield
monochloroacetate silver obtained by this method
is 50%. The main disadvantages of this method
include uneconomic and that manifestsitself in a
rather low yield of the product obtained, and its
inconsistency with modern environmental
requirements due to the use of potassium
hydroxide, which also contributes to unwanted
contamination of the final product inorganic
impurities.

In another known method of producing
silver monochloroacetate,?, conducted in two
stages, provide a first process stage to receive
first sodium monochloroacetate and then receive
it from monochloroacetate silver. For thisprocess,
monochloroaceti ¢ acid, agueous sodium hydroxide
solution and the reaction mixturewas acidified with
acetic acid and then the resulting agueous solution
of sodium monochloroacetate is poured into an
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aqueous solution of silver nitrate and theresulting
precipitate of silver monochloroacetate was
filtered, washed with water and dried in vacuo.
The yield of product in this case is 80-95%. A
disadvantage of this process, as previously
discussed analog, also is used in the synthesis
process of aggressive substances such as sodium
hydroxide and acetic acid, which deteriorate the
environmental characteristics of the process. The
use of sodium hydroxide in the process also leads
to contamination of thefinal product by inorganic
extraneous impurities and the need for additional
purification steps (recrystallization), which reduces
the intensity and efficiency of the process.

To increase the intensity of the process
and improve its environmental and economic
indicators suggest a new method of producing
silver monochloroacetate comprising using as
starting product monochloroacetic acid and silver
nitrate in a mixture of an aqueous solution of
monochloroacetic acid, and an aqueous silver
nitrate solution with stirring to form a reaction
mixture containing monochloroacetic acid and
silver nitratein amounts corresponding to amolar
ratio, maintaining the reaction mixture at a
temperature of 20-25 C, and subsequent isolation
of the precipitate by filtration, washing with water
and ethanol and dried.

The main differences between the new
method is known analogs of carrying out the
process in one step instead of two asin prior art,
and the exclusion of the use of aggressive fluids
(acids and akalis), which increases the intensity
of the process, improves the environmental and
economic indicators. Essentially the process of
synthesis affect experimentally chosen
temperature and the molar ratio of the starting
monochloroacetic acid and silver nitrate (1.0-1.4:
1.0). Show additional experimental studies, with
overcharge and undercharge temperature
compared with the claimed mode decreases the
output of thefinal product . Also, the output affects
the molar ratio of the starting products. The
advantage of the new method are softer and its
conditions (compared with analogues) since the
fusion process is carried out in water at room
temperature (20-25C).

Experimental Part

Silver compound was obtained a by the

below methods. All compoundswere characterized
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by methods of IR spectroscopy, X-ray diffraction
and elemental analysis.
Synthesisof silver acetate

Solution 1.0g (0,0059m) AgNO,in 10ml of
H, in a 25 ml flask, a solution of 4 g (0.0295m)
sodium acetate monohydrate was added into 20cm?®
of water stirringinamagnetic stirrer. Thereaction
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mixturewas stirred for 30 minutes, wasfilteredona
Schott funnel, was washed with water and was
dried under vacuum. 1.5 g of silver acetate was
obtained. Calc.: C-14.38%; H-1.812%. Found: C-
14.69%; H-1.98%. The substance was analyzed by
X-ray diffraction (figure 2).
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Fig. 2. X-ray pattern of silver acetate

Synthesisof silver trifluor oacetate

Solution 2.5 (0,0147m) of AgNO, in 20
ml of water in 100 ml flask was added dropwiseto
thesolution of sodium carbonate 1,715g (0.0162m)
in 30cmeof water at room temperature. Thereaction
mixturewasstirred for 30 min, after wasfiltered the
precipitate and washed with water and dryed it

under vacuum. Trifluoroacetic acid was added to
the precipitate, was stirred the solution in a
magnetic stirrer and dry it under vacuum. 2.3g of
silver trifluoroacetate was obtained. Calc.: C-10,859;
Found: C-11,105. The substance was analyzed by
X-ray diffraction (figure 3)
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Fig. 3. X-ray pattern of silver trichloroacetate
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Table 1. IR Spectroscopy Data

Peak, cm* Functional Group

3008, 2991, 2963 CH st

1607 (COO0)-st

1401 CH26

1248 c-cl

767 CH2vy
Table 2. IR Spectroscopy Data

Peak, cm? Functiona Group

2955

2933 CH st

2873

1562 (COO0)- st

1412 CH23,CH3d as

752 CH2vy

Synthesisof silver monaochlor ocacetate

Solution 0,669 (0,007m) of chloroacetic
acidin 10 ml of water ina25ml flask and was added
0,859 (0.005M) of AgNO3in5ml of water totirring.
The precipitate was filtered off, was washed with
water and alcohol. The product was dried to
constant weight. 0,4g of silver monochloroacetate
wasobtained. Calc.: C-11.9%; H-0.993% Found: C-
12.21%; H-1.133%. The data of IR spectroscopy
areshownintable 1.
Synthesisof silver butyrate

Pour 3,6g (0,04m) of butyric (butanoic
acid) into 2,8g (0,01m) of silver carbonate. The
precipitate wasfiltered of f, washed with water and
alcohal. 1g silver butyrate was obtained. Calc.: C-
24.63%; H-3.59% Found: C-24.177%; H-3.65%. The
data of IR spectroscopy are shown in table 2
Conclusion: In order to obtain silver nanoparticles
we obtained silver salts of halogenated and fatty
organic acids: silver acetate, silver trifluoroacetate,
silver n-butyrate, knownintheliterature, and silver
monohlorpropionat, not described in theliterature
yet. The resulted compounds were characterized
by IR spectroscopy, X-ray diffraction and elemental
analysis. A considerable number of known methods
for producing silver nanoparticles due to a
chemical reaction in an aqueous medium. However,
for many practical applications, the silver
nanoparticles is important to obtain silver
nanoparticles in agueous media such as organic
solventsand polymeric matrix. Also preparation of
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nanoparticles of silver in non-aqueous media
opens new possihilities control the shape and
dimensions of the nanoparticles, and thus,
influence ontheir biological, chemical and physical
properties. During the performance will be studied
patterns chemical interactions silver compounds
with different reagentsin avariety of non-agueous
mediaincluding polymeric matrix resulting in the
formation of silver nanoparticles prescribed shapes
and sizes. The data obtained will open the
possihility of devel oping new material s possessing
valuable practical properties, the preparation of
which isdifficult when using silver nanoparticles
prepared in aqueous solution. Particularly
important study questions introduction of silver
nanoparticles in the polymeric materials by
synthesizing them directly into the polymer matrix,
and developing methods for producing silver
nanoparticles certain predetermined size and
morphological characteristics with the most
pronounced antibacterial properties and suitable
for incorporation into awide range of hydrophobic
polymers to create a nanocomposite .

Applied researches are carried out with
financia support of the state by the RussiaMinistry
of Education and Science under Grant Agreement
N0.14.576.21.0024 of June 27, 2014. (Unique
identifier for Applied Scientific Researches (project)
RFMEFI57614X0024).
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