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APPLICATION OF THE MULTILAYER ASSEMBLY (LBL) METHOD
IN ENGINEERING TECHNOLOGIES FOR OBTAINING PERSPECTIVE
COMPOSITE MATERIALS WITH PURPOSE PROPERTIES

Abstract. This report provides an overview of the use of the multilayer assembly method to obtain a new type
of composite materials with physical-chemical and chemical-biological properties. Polyelectrolyte multilayer (PEM)
technology alone covers the entire widespread spectrum of functionalization possibilities. The method is based on
the adsorption of successively alternating oppositely charged macromolecules and makes it possible to obtain
ultrathin films of a given thickness and composition from a large number of diverse systems on a charged surface of
any geometry both in air and at room temperature, illustrating the large versatility of the PEM technology.
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Nowadays potentially promising scientific direction from the point of view of theory and practice to
date is the creation of composite materials with purposeful optical, electrical, biochemical and many other
useful propertics. A special place among them belongs to thin polymer films exhibiting catalytic,
magnetic, antibacterial, biosensory, electrochromic and photoluminescent properties.

In [1], the author describes several methods for obtaining such thin films: deposition on a rotating
disk substrate, thermal deposition, chemical assembly, Langmuir-Blodgett method, layer-by-layer
deposition of polyions. Depending on the method of obtaining, thin films differ in their physicochemical
characteristics, such as the quality of the applied coating, roughness, stability, thickness, arrangement of
molecules and have various practical applications [2].

One of the cheapest and easiest ways to obtain such films is the multilayer assembly method, the so-
called layer-by-layer method, which attracts the attention of many researchers in connection with the
formation of uniform organized surface coatings with controlled thickness and roughness [1]. This
method is based on the adsorption of successively alternating oppositely charged macromolecules and
makes it possible to obtain ultrathin films of a given thickness and composition from a large number of
diverse systems, moreover, the assembly can be performed on a charged surface of any geometry both in
air and at room temperature.

At present, many polymeric materials are used by researchers to obtain multilayers, beginning with
biopolymers such as proteins [3] or DNA [4], as well as inorganic substances such as clays,
microcapsules, colloidal particles and even biological cells [5].

Until recently, it was believed that the bond in the layers of such films is mainly electrostatic. Later it
was found that the bonds can also be provided by hydrogen [6], hydrophobic and other forms of
mteraction [7-9].

There are two main types of growth of such polymer films [10]: lincar and exponential. The linear
dependence of the thickness (optical density) on the number of layers is explained by the constant amount
of polyelectrolyte adsorbed at each stage of bilayer production. Several models have been proposed to
substantiate the exponential growth.

The authors of [11] explain the growth pattern of the film roughness, which increases with the
number of deposited layers. Macromolecules adsorbed to the initial layers are strongly attracted to the
surface, resulting in a smooth configuration. With an increase in the number of deposited layers, the effect
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of the substrate decreases, and polyelectrolyte molecules begin to adsorb in a more coil-like (entangled)
state, increasing the surface area of the film. In this connection, a greater number of macromolecules can
be adsorbed at subsequent stages of the obtaining of multilayers. Another less common explanation of
nonlinearity is based on the diffusion of free polyelectrolyte chains in multilayers upon adsorption
[12-13].

In addition to polymer molecules, low-molecular compounds, for example, dyes, can participate in
the multilayer assembly method, which makes the method more universal in terms of creating thin
polyelectrolyte multilayers (PEMS) with the desired useful properties [14-15]. The assembly of films
containing dyes can be attractive when studying their electrochromic and optical properties. For example,
in a number of works phthalocyanine dyes exhibit good optical properties [16] and optical memory [17],
so that the electrochromism of dyes of this class can be used to create materials of a new generation.

In [12] the films were obtained from poly (vinyl alcohol) (PVA) with hydrophobic polymers -
polymethylmethacrylate, polystyrene, poly-D, L-lactide, polydimethylsiloxane. As is known, PVA is
insoluble in organic matter, while other components are insoluble in water. During the assembly process,
the intermediate drying of the film proved to be an important factor: PVA adsorbed on the surface of the
plate becomes insoluble in the aqueous solution due to the formation of hydrogen bonds between
hydroxyl groups and, possibly, water molecules.

The authors of [13], when obtaining films from organosoluble polymers, confirm the necessity of
drying (in contrast to the usual electrostatic assembly) and for other systems, where the chemistry of the
formation of films is also due to hydrophobic interactions and hydrogen bonds.

Metal-containing polyelectrolyte multilayers have been widely studied and found application in the
manufacture of polyelectrolyte membranes, in the creation and obtaining of nanoparticles, electronic and
optical materials, and in the preparation of nanoscale capsules for the controlled delivery of biologically
active compounds. One of the most important features of multilayers is their selective permeability for
various substances. The permeability of a multilayer film depends on the thickness of the layer, its
porosity, the structure, the chemical composition of the composition and the size of the penetrant. The
authors of [18] established that such films are impenetrable for macromolecules of large molecular weight
and size, but they are completely permeable to small polar molecules.

Tiake et al. [19] showed that PEMS can serve as a multifunctional membrane and can be used to
soften and distil the sea water. They obtained ultra-thin membranes by the LbL method by applying
various polymer compounds such as polyelectrolytes, calixarenes, hexacyanoferrate metal salts and Berlin
azure. It has been shown that polyelectrolyte multilayers can be used as nanofilters, molecular and ionic
sieves for the size-selective separation of neutral and charged aromatic compounds. Specific interaction in
such polymeric compositions goes by the guest-host mechanism, which transmits ions with hybrid
membranes from p-sulfonato-calixarenes and cationic polyelectrolytes. Membranes have a high selectivity
to various metal ions and can find application in various innovative technologies for separation of ions of
different nature. The authors also demonstrated the possibility of obtaining purely inorganic membranes
from Berlin azure and similar metal salts by successive adsorption of cations of transition metals and
hexacyanoferrate of the anion. Thanks to the porous structure of the Berlin azure, the membranes can be
used as an ion filter capable of separating, for example, cesium ions from sodium ions.

The authors of [20] used complexes of transition metals with polyelectrolytes to control the charge
density in PEPS films for the obtaining of ion-selective membranes. The method of alternative deposition
of oppositely charged polyelectrolytes on a porous carrier obtained ultra-thin ion-selective membranes.
Cu”" ions were used as a nucleus in PAK/PAA membranes to control the charge density and, therefore, to
increase the selectivity of anion transfer. Alternative deposition of PAA, partially bound to complexes
with Cu”" and PAA on a porous aluminum carrier followed by removal of copper ions and deprotonation,
allowed the formation of - COO™ positions in these films. A comparative analysis of two membranes
obtained under identical conditions showed that the Cu”" -containing PAA/PAA membrane has four times
the selectivity for CI'/SO,> transfer as compared to the conventional PAA/PAA membrane.

In paper [21], the LbL method was used to incorporate ZnO nanoparticles into multilayer polymer
films from the polymer matrix PDDA-PSS on a quartz plate. A multilayer film containing ZnO
nanoparticles was prepared by multiple adsorption of zinc nitrate and subsequent precipitation with
ammonium hydroxide. UV-Visible spectroscopy studies indicate the regular growth of ZnO nanoparticles.







