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SORPTION OF NANOPARTICLES AT A LAYER DEPOSITION

The article is dedicated to the study of self-organization processes of conductive layer of polyaniline
nanoparticles in heterocoagulation on polyamide fiber. It is shown that the particle size distribution of
polyaniline dispersion obtained by the oxidative condensation of aniline is normal with a maximum
of 150 nm. It is found out that the resistance of the multilayer fibrous material with a polyaniline coating
obtained layer-by-layer depends on the number of layers and the type of the surfactants. The process
of heterocoagulation of polyaniline particles on the polyamide fiber is described by the quasi-chemical
reaction model. It has been shown that in these conditions, the structures with a limited lifetime and with

following self-organization emerge.

Keywords: conductive fiber materials, polyaniline, heterocoagulation, self-organization of nanoparticles.

Electroconductive nanostructured materials not
containing metals are of interest in several areas of
their use [1]. This is possible due to the self-
organization of nanoparticles formation of different
structures. The character of formed structures, the
ability to control their formation is of interest as from
the scientific [2—4], and from a practical point of view
because of the influence on the properties of
nanosystems. In [5] demonstrated the possibility of
obtaining electroconductive fibers by deposition on
the surface of the mechanism heterocoagulation (the
term is used for the [6; 7]) layer of nanoparticles of
polyaniline. The purpose of this work: to characterize
the process of self-conductive layer of nanoparticles
in the process of heterocoagulation on the example of
the system a polyamide fiber — polyaniline nanosize.

Using the deposition of nanoparticles that
provide special properties of fibrous material on a
substrate is important for many reasons: they
provide significantly more surface area than a flat
surface that is extremely important for their use;
requirements for particles deposited on a surface
smaller than conventional coating from solution,
and the particles themselves can be used as lining up
to follow capsule formation [2]. There are two main
approaches for nanoparticles, which in scientific
language called as “upward” and “downward”.
“Upward” approach covers all methods in which a
new phase nanoparticles formed at the interface of
homogeneous glut “native” phase.

Saturation can be regulated by changes of
physical parameters (pressure, temperature) or
changes in the chemical composition. “Downward”
approach includes various methods of grinding.

The result of these new synthetic methods is to
design and synthesize a much larger range of
polymers with the ability to self-organize. This
gives an opportunity consider projects complex
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building blocks such as functional copolymers that
can be connected to large objects, such as block
copolymers micelles. If these micelles can organize
themselves in a higher level of microscopic
structure, the functionality of the original copolymer
can be transferred to a higher level of functional
unit. This is the essence of the new approach and a
key aim nanotechnology — to form highly organized
structure [1].

Polymers that are capable of self-organization,
on the one hand, can be are ordered to form stable
nanostructures on the other — to easily change the
form of self even when there is change of external
parameters. Usually, the synthesis of nanostructured
polymers carried out in the presence of hard or soft
(micelles, surfactant solutions, polymer gels,
emulsions) template. In our case, the controlled
synthesis of nanostructured polyaniline carried out
in the presence of surfactants.

As the sorption of particles of polyaniline the
surface polyamide fibrous material is carried out of
nanosystems: polyaniline nanoparticle dispersions
in a dyeing bath [4] i determined that the main
mechanism of formation of polyaniline dyeing
during the oxidation of aniline is heterocoagulation
polyaniline nanoparticles on the surface of the
fibrous material, it is necessary to establish the
possibility of achieving self through complex
nanostructured surface layer to the application layer
(layer by layer), which provides a multistage
synthesis of nanoparticles of polyaniline and study
of its influence on the properties of colored
polyamide fiber material.

The obtaining distribution curve of the particle
size of polyaniline dispersion in a numerical
proportion of particles depending on their size.

To the nanoparticles attributed on formal grounds
a particle size of one of them, less than 100 nm [8].
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In fact, the is more faithful approach of S. Lipatov:
the particle refers to the colloidal particle (to
nanoparticles), if decrease in the size appears of the
qualitatively new properties [9].

At the nanosystems is possible wide size
distribution: the multiple dispersed or reversible
process of aggregation is realized lognormal particle
size distribution [10]. In many cases, a set of
particles with an average size of between 100 and
1000 nm is also considered as nanoparticles, as part
of the particle size is within range of less than
100 nm, and a part of the particles can be dynamic
agglomerates consisting of particles smaller than
100 nm. Therefore, the investigated in the work the
dispersion of polyaniline are regarded as
nanosystems.

The fig. 1 shows the dependence of the optical
density of the solutions of polyamide materials,
dyeing polyaniline (D), on the concentration of
aniline (C) in a presence: 1) preparation OS-20
and 2) alkamon OS-2 is in the coordinates of
Langmuir equation [5].
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Fig. 1. The dependence of the optical density
of the solutions of polyamide materials, dyeing
by polyaniline (D), on the concentration of aniline (C)
in a presence: 1) preparation OS-20 and 2) alkamon OS-2
is in the coordinates of Langmuir equation
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Langmuir equation is derived and is used to
describe of the adsorption, for example, the molecules
on the surface as a monomolecular layer [11]. It is
well known [12; 13] that the deposition of
nanoparticles on the surface may be in the form of
monolayers by self-organization, in particular, can be
synthesized on monolayers polyaniline films [14].

We represent a balance between the process of
peptization and heterocoagulation (sorption —
desorption) of the colloidal particles on the surface
in the form of quasi-chemical reversible reaction
(possibly at a sufficiently shallow depth second
minimum on the plot of the potential energy of the

interaction of the distance between particles [7;
15]). Using a reversible quasi-chemical reactions
generally accepted in the study of molecular
adsorption processes [11]. The equilibrium between
the surface “active” centers A, the nanoparticles of
dispersion NP and temporarily settled on the surface
of the nanoparticles A- NP is determined by quasi-
chemical equation reversible reaction:

A+ NP <> A-NP. (1)

If the maximum concentration A4 (the active sites
of surface) with the potential to form compounds
with the nanoparticles in the 1: 1 ratio is C,, the
concentration of active centers remaining free, is
determined value (C,, —C, ;). At a concentration
of nanoparticles in the dispersion C,, of the
equilibrium constant for reaction (1):

— CA~NP . (2)
CNP (CA‘ao - CA-NP )

At the coordinates 1/C,,,=/f(1/Cy), the
equation (2) is converted into a linear equation:

1 1 1 1

= + —
CA-NP CA KCA,w CNP

€)

0

Analysis of the equations (2) and (3) shows that
the formation of a monolayer of the particles of the
dispersed phase in a reversible process of
heterocoagulation sorption isotherm equation
similar in form to the Langmuir monomolecular
adsorption at the interface. The coincidence of
equations for monolayer adsorption [11; 15], to
dissolve with the formation of solvates [16], for
heterocoagulation of nanoparticles on the surface of
the fiber, due to the realization of a situation where
a compound is formed with a limited by the lifetime
of (reversible process), which creates the conditions
for the process of self-organization with the creation
of an ordered structure.

The polyamide fiber in acidic media (pH <5)
has a positive surface charge [17], nanoparticles
polyaniline synthesized in the presence of anionic
surfactant — sulfonol have a negative charge as a
result heterocoagulation in this case proceeds
according to the classical mechanism [6] as
interaction of particles with the opposite charge.

The electrostatic interaction of the particles in
this case is sufficiently intense to the irreversibility
of the process. As a result, when used as a stabilizer
sulfonol dependence of the amount of dye on the
fiber concentration of polyaniline in the bath cannot
be described by an equation identical in form to the
Langmuir equation. The absence of restructuring
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possibilities of the deposited layer, apparently, can
lead to a layer structure similar fractal structure in
the aggregation diffusion limited.

It is known layer deposition (layer-by-layer)
polyelectrolytes, proteins, colloidal particles on a
substrate [12-14; 18]. Method of layer-by-layer
may be applied to increase the electrical conductivity
of essentially fiber composite material — electrically
conductive polymer layer on the surface. In the
method of layer-by-layer of like or different charges
and the surface of the deposited particles of different
nature plays an important role [12—14; 18]. In the
work was carried out multistage synthesis of aniline
conductive layer using at each stage of the
dispersions stabilized by surfactants, form micelles
with a charge opposite to the charge of the surface
of the fiber material.

Fig. 2, a shows the change in resistance of the
fibrous material from the number of stages at
realization the deposition of polyaniline multistage
dyeing process in the synthesis of polyaniline. Each
subsequent stage of the deposition was carried out
with the change of the type of surfactant, and as a
consequence, the change of the charge of polyaniline
of nanoparticles.

Thus, during the deposition process was carried
out a process of classical heterocoagulation [6; 7],
when the process heterocoagulation participate
oppositely charged surface (in this case the surface
of the particles of polyaniline and the fibrous
material) With an increasing number deposited
layers significantly changes the resistance of
material (two orders). The character of the
electrostatic interaction assures regularity decrease
in resistance with each subsequent layer (by
3 times). Another character is the dependence of the
resistance of the fiber material the number of steps

of deposition of polyaniline in the implementation
of the multistage process of dyeing in the synthesis
of polyaniline under conditions of use in each step
of the same surfactant.
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Fig. 2. The resistance change of the fibrous material on the
amount of stages of deposition of polyaniline at realization
of the multistage process of dyeing in the synthesis of
polyaniline. Rn / R1 — the ratio of the resistance of
polyaniline in N layers deposited successively, to the
resistance in the same layer

Fig. 2, b is characterized by the change in
resistance when applied to 5 layers of polyaniline in
the presence of anionic surfactant — sulfonol.
Constancy charge sign polyaniline particles leads to
an efficient adsorption of the first layer, followed by
deceleration resistance decrease with increasing
number of layers (and, presumably, with progressive
decrease in the quantity of sorbed polyaniline). This
situation is similar to the adsorption BET [19] — the
interaction energy of the first layer of adsorbed
molecules sufficiently greater than the energy of
interaction between each successive layer. Thus, the
process of a heterocoagulation of polyaniline
particles on the polyamide fiber is described by the
quasi-chemical reaction model.
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Pomankesuu O. B., Peovko A. B.

COPBIIAA HAHOYACTHUHOK ITPU OCAZI’KEHHI LITAPIB

Cmammio npucesueHo 6UEUeHHIo NPoyecy camoopeanizayii wapy nonianiniHo8UX HaAHOYACMUHOK npu
eemepoKoazynayii Ha noniamionux 8onokHax. Iloxkasano, wo po3nooin 3a poamipamu OuUcnepcii NOTIAHITIHY,
00epIICaHOi OKUCHIOBAILHOIO KOHOEGHCAYIEID AHINIHY, € HOPMANbHUM 3 Makcumymom npu 150 um. Bemanos-
JIeHO, WO Onip 6a2amowaposux GOJOKOHHUX MAamepianié 3 NOMIAHITTHOGUM HOKPUMMAM, 00ePICAHUM
memooom layer-by-layer, 3anexcums 610 xinbkocmi wapie i muny IIAP. Ilpoyec eemepokoazynayii noniani-
JIHOBUX YACMUHOK HA NONIAMIOHUX BOIOKHAX ONUCAHO 34 OONOMO2010 K8A3IXIMIYHOI MOoOeni peakyii.
Toxazano, wo 8 yux ymosax UHUKAIOMb CIMPYKMypl 3 00MEICEHOI0 MPUBATICINIO ICHY8AHMNS | 3 NOOATLULOIO
Camoopeanizayiero.

KurouoBi cj10Ba: BOIIOKOHHI MaTtepiaiy 3 MPOBITHICTIO, MONIaH1TiH, T€TEPOKOAryJIsIlis, CaMOOpraHi3a-
sl HAHOYACTHUHOK.
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Xansaexa T. O., Kamuwan C. B.

ME3OIOPYBATI HAHOKOMIIO3UTHU
HA OCHOBI JIOKCHUAY TUTAHY SAK HEPCIIEKTHUBHI
MATEPIAJIM VIS OYUIIIEHHA BOAU

Ompumano me30nopysami HAHOPOIMIPHI KOMNO3UMHI MAmepiany Ha OCHO8I OKCUOI8 YUHKY, 071084,
68aHA0II0 MA MUMAHY 3a OONOMO20K0 YUMPAMHO20 Memody. 3a 00NOMO2010 PEHM2eHOPA308020 AHANI3Y
8 ycix Komno3umax euseneno gaszu anamazy ma pymury. Bcmanoeneno, wo xomnosumu cknaoaomscs
3 aznomepamis OKpyanoi opmu GeTUUUHOI ONUZLKO 2 MKM, A pO3MIPU iXHIX KpUCMANIMIE ¥ NOPI6HAHHI
3 TiO, spocmaioms 6i0 9,5 do 21,4 nm. Busasneno, wo 6 cnekmpax noenunanus V,0/TiO, ma SnO /TiO,
cnocmepizacmoca 6amoxpomnut 3cys, a y ZnO/TiO, — 2incoxpomnuil. llupuna 3a60ponenoi 3onu komno-
3UMi6 IMEHULYEMbCS 8 NOPIBHANHI 3 YUCUM 0ioKcuoom mumany. Hanoxkomnosumui 3pasku 6UsA6uIu niogu-
weny homoxamanimuyHy akmusHicme y peaxyii decmpykyii opeaniunoeo 6apsrnuxa cagpariny Ty 600HUX
posuunax npu YD-onpomineHHi 6 NOPIGHAHHI 3 HUCMUMU OKCUOAMU MUMAHY, YUHK)Y MA 8AHAJII0.

Kurouogsi ciioBa: HAaHOKOMITIO3UTH, OKCUIU TUTAHY, HTUHKY, BaHaI[iIO, 0OJIOBA, (bOTOKaTaJ'IiS.

Beryn y OUIBIIOCTI BUNAIKIB BHKOPHCTOBYIOTH IiOKCH[

TUTaHY, KU € JCIIeBUM Ta HETOKCUYHUM KaTalli-

[Ipn dotoxaramitnuyHOoMy crocobi oummenHs — 3aropoM [1, c. 34; 2, c. 1627]. Kpim toro, micns 3a-
BOJHMX PO3YMHIB BiJl TOKCHYHHMX PEUYOBMH  KIHUEHHS PEaKilii HOro MOXKHA JIETKO BLAJIIJTUTH Bif
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