
This article was downloaded by: [University of California, San Diego]
On: 09 August 2012, At: 14:13
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl20

Electronic Properties
of Structurized Poly-1-
Vinyl-1,2,4-Triazole
M. V. Kurik a , G. F. Myachina b & T. G. Ermakova b
a Institute of Physics, NAS of Ukraine, Kyiv, Ukraine
b A. E. Favorsky Institute of Chemistry, SD RAS,
Irkutsk, Russia

Version of record first published: 22 Sep 2010

To cite this article: M. V. Kurik, G. F. Myachina & T. G. Ermakova (2007): Electronic
Properties of Structurized Poly-1-Vinyl-1,2,4-Triazole, Molecular Crystals and Liquid
Crystals, 468:1, 317/[669]-326/[678]

To link to this article:  http://dx.doi.org/10.1080/15421400701231723

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages

http://www.tandfonline.com/loi/gmcl20
http://dx.doi.org/10.1080/15421400701231723
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
4:

13
 0

9 
A

ug
us

t 2
01

2 



Electronic Properties of Structurized
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M. V. Kurik
Institute of Physics, NAS of Ukraine, Kyiv, Ukraine

G. F. Myachina
T. G. Ermakova
A. E. Favorsky Institute of Chemistry, SD RAS, Irkutsk, Russia

For the first time, we have shown the possibility to obtain structurally ordered
systems using structured (fractal) water as a solvent by taking a water-soluble
polymer, poly-1-vinyl-1,2,4-triazole (PVT), as an example. When distilled water
was used as a solvent, the films always have amorphous structure. The investiga-
tions of electronic properties of ordered PVT films show that the electronic
properties of structured ordered PVT are similar as for crystal samples.
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INTRODUCTION

Today, we are dealing with new trends in the development of
the scientific researches related to human activity. It is pertinent to
mention here such new disciplines as nanophysics, nanoelectronics,
nanobiology, nanochemistry, etc.

Nanotechnology produces the changes in the electronics of organic
materials. Virtually, one can speak about the origin of the nanoelectro-
nics of organic materials.

To meet the challenge, one needs to revise the properties of the
known organic materials as nanoelectronic ones, synthesize new
organic systems possessing unique electronic properties as special
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nanostructures, and elaborate new technological processes which
would allow preparing new nanostructures for different applications.

In this work it is shown, on an example of water-soluble polymer,
poly-1-vinyl-1,2,4-triazole (PVT), for the first time, that the structured
water can define the structure of polymer. The electronic properties of
structurally-arranged polymer correspond to the properties of the
crystal, i.e., the anisotropy of properties is displayed.

MATERIALS

Triazoles, vinylazoles, and their polymer derivatives are interesting
objects for scientific studies [1,2]. The practical importance of triazole
compounds is widely known. Triazole derivatives, showing a wide
spectrum of the biological activity, find an application as corrosion
inhibitors, radioprotective agents, fungicides and pesticides in phar-
maceutical chemistry and agriculture, and building blocks for the
design of thermostable polymers. Homopolymers and copolymers of
vinyltriazole can find a wide use in winemaking as flocculants and
stabilizers of various wines, in medicine for the preparation of soft con-
tact lenses and the manufacture of cartilaginous and bone tissue
prostheses, in liquid chromatography as molecular sieves for the
separation of proteins, enzymes, and nucleotides, in technical water
supply and fire protection. Undoubtedly, these polymers should show
the special properties, when they are used for the preparation of
different nanostructures.

The introduction of a vinyl group to the triazole cycle does not dras-
tically affect the p-electron charge of nitrogen in position 1. The poly-
merization of PVT has been carried out in DMFA under free-radical
initiation in the presence of azobisisobutyric dinitrile (the initiator
concentration was 3 10�2 mol=l) at 60�C.

The synthesized PVT (Mw ¼ 26000) is a colorless powder, well solv-
able in water, dipolar organic solvents (DMFA, DMSO, DMAA), and
acetic acid. It is hydrolytically stable, nontoxic, and capable to form
complexes and salt. The nitrogen atoms of pyridine in PVT can partici-
pate (as donors of electrons) in the formation of hydrogen bonds with
water molecules. The dissolution of PVT in water is accompanied by
the high exothermic effect.

The thermodynamic investigations of the aqueous solutions of PVT
have been performed in [1]. The exothermic effect of the PVT dissol-
ution in water is apparently associated with the strong interaction
of the polymer chains with water molecules due to the H-bonds forma-
tion, which involve unshared electron pairs of nitrogen atoms, hetero-
cyclic and water hydrogen atoms. Since 1-substituted 1,2,4-triazole
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has maximal electronic density at N-4, it is reasonable to assume that
the hydrogen bonds in PVT are formed with the participation of the
unshared pair of just this atom. When PVT is mixed with water, the
structures binding the chain with one water molecule are formed.
The formation of a structure containing two water molecules per one
chain of PVT is less energy favorable than the formation of a com-
pound having one water molecule, which is explained by a small elec-
tronic density of the N-2 atom.

It has been shown [2] that PVT aqueous water solutions possess
hydrophilic hydration.

It is known that the aqueous solutions differ from non-aqueous ones
by the specific feature of water, i.e., by the availability of a porous net-
work of hydrogen bonds in water [3]. Hydrophilic and hydrophobic
hydrations are distinguished. Both types of hydration are character-
ized by negative values of excess enthalpies and entropy. Hydrophilic
hydration is considered to mean the interaction of water with polar
groups of a diluted substance, in particular the groups capable to the
formation of hydrogen bonds with water molecules. Such a hydration
involves the ordering of water molecules, which are firmly bound to
polar groups of the diluted substance. Under hydrophobic hydration,
the molecules of the diluted substance penetrate into the pores of the
open structure of water and increase the interaction of water molecules
with one another, which also results in the structure ordering.

Hydrophilic and hydrophobic hydrations occur also in aqueous poly-
mer solutions. Hydrophilic hydration dominates in the PVT-water
system. The following thermodynamic parameters of the PVT dissol-
ution in water were determined at 298 K: enthalpy DH ¼ �68.9;
entropy DS ¼ �31.1; the Gibbs energy of the mixing of PVT with water
DG ¼ �37.8. All thermodynamic parameters are negative, which is
explained by the formation of hydrogen bonds between the nitrogen
atoms of heterocyclic fragments and water molecules. The total num-
ber of hydrogen bonds with PVT ensures its high hydrophility. The
values of the water diffusion coefficient in PVT films prove this fact.
The kinetic curve of the water sorption on films is typical. In the initial
stage of the penetration of water in a polymer film, a slight decrease of
the diffusion coefficient is observed. When the water content is
enhanced, the diffusion coefficient begins to rapidly increase. The
sharp increase of diffusion with rise of the water content in PVT films
is indicative of the absence of a significant association of water mole-
cules, which confirms the domination of hydrophilic hydration.

The predominance of hydrophilic hydration in the aqueous solutions
of PVT is in good accordance with the data obtained for the aqueous
solutions of low-molecular amines [4].

Electronic Properties of Structurized PVT Films 319=[671]
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EXPERIMENTAL

Solid films of PVT were obtained from a solution. Two following types
of water as a solution were used: the one was distilled water, and the
second was a good natural drinking water, which has ordered struc-
ture or fractal structure [5–7]. The second water is the matrix of
molecules of water and the impurities as the components of drinking
water composing a self-ordered system. Such naturally ordered struc-
ture of water is a lyotropic liquid crystal. From such structured
water, it is possible to obtain the solid state of fractal structure [5]
(the phase transition: liquid state–solid state). In the same manner,
when we are using such structured water for solving the PVT,
we can obtain the ordered films of the polymer. To investigate
the structure of layers, an optical microscope NU-2E 5Karl Zeiss4
was employed; the average magnification of the microscope is
close to 150.

The electronic absorption spectra of films and solutions on distillate
and structured water in the spectral region 4.20–6.00 eV were measured.
The spectra were recorded at room temperature using a double-beam
spectrophotometer 5Hitachi4, Japan.

RESULTS

The structures of polymer layers in polarized light are shown in Figure
1. When distillated water was used as a solvent, the solid layers had
amorphous structure (Fig. 1a). The films are glass-like with charac-
teristic dislocations as typical lines. In polarized light, the films are
isotropic. On the photo, we show the film obtained when a polarizer
and an analyzer were not strictly crossed but were rotated relative
to each other by 7–10 degrees.

Figure 1b shows the edge of the film obtained from a solution on
structured water. It is evident from the picture that the film has
optical bisymmetry. The bisymmetry of films is exceptionally due to
the water structure. In this case, the water orders the film structure
of PVT.

Figure 1b gives the structure of the solid phase of the solvent-fractal
water [6]. It is a dry residue, which is formed on the substrate after the
evaporation of water by a specific method.

In Figure 2 (a and b), the examples of the structure of solid layers
obtained under specific conditions are shown. The structure (Fig. 2a)
is polydispersal. It was obtained for a wedge-shaped film in the
region of a wedge edge by the usual method of evaporation of a
solvent (no additional heating of a solution was used; natural lyo-
philization). The film has fractal, optically active (or bisymmetric)
structure.

320=[672] M. V. Kurik et al.
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FIGURE 1 Amorphous (a) and fractal (b) structures of PVT film; Fractal
structure of water (solid state) (c).
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Figure 2b shows the formation of characteristic periodic fractal
structures on the edge of the film. Such a structure of the film points
to the nonlinear processes at the phase transition from a solution to

FIGURE 2 Structures of PVT solid layers obtained under specific conditions
of films preparation.

322=[674] M. V. Kurik et al.
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the solid phase, when the peculiarities of the polymer self-assembling
in the initial solution are observed.

The formation of such specific structure is defined by the role of
structured water (Fig. 1c) used as a polymer solvent.

In Figure 3, the absorption spectra of the solutions of PVT and
solvent (water) are shown (it is a spectrum from [1]). The curve ‘‘albumin’’
presents the spectrum of serum albumin, which is structured using
the fractal water in the same manner as for PVT (optically active
samples). The absorption spectra of structural PVT and albumin
testify that their energetic structures are similar.

The absorption spectra are typical of solvents (distillate and struc-
tured drinking water). They represent the long-wave part of the water
absorption band, whose maximum is at 7 eV. (Fig. 3).

The absorption spectrum consists of two parts. The region of 4.25–
5.25 eV corresponds to the absorption by impurities. The peculiarities
of the absorption in this spectral range for the solutions of polymer and
solvent are well seen in the case of a linear scale for the absorption
(Fig. 3).

For the second spectral region (5.25–6.25 eV) the absorption obeys
the Urbach rule (exponention dependence absorption on energy

FIGURE 3 The absorption spectra of PVT – polymer and spectrum of serum
albumin.

Electronic Properties of Structurized PVT Films 323=[675]
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photons and temperature) [8]. The parameters of such dependence
for polymer obtained from distillate and structured water are
various.

The absorption spectra for polymer films in the same region are
given in Figure 4. The difference in the electronic spectra of structured
and amorphous polymer films is displayed in the region of the edge of
PVT 5natural4 absorption (4.0–5.5 eV).

The spectra of a surface photoconductivity (ITO electrodes) coincide
with absorption spectra, and the integral photosensitivity is higher (an
order) for structured polymer, than for an amorphous sample.

The frequency dependences of dark resistance of amorphous and
structured PVT films are shown in Figure 5. It is obvious, that the
spectral dependences R(x) for amorphous and structurally arranged
films are various. This difference is connected, first of all, to the fea-
ture of processes of a charge carriers scattering on different structural
defects of polymer films. The dispersion R(x) is defined by the struc-
tural arrangement of polymer on the relaxation of charge carriers in
the range of a spectrum 102–104 Hz. The low frequency range of
R(x) spectrum (100–102 Hz) is defined by the exhibition of a disordered
(amorphous) part of the film structure.

FIGURE 4 The absorption spectra of PVT films.

324=[676] M. V. Kurik et al.
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CONCLUSIONS

On an example of water-soluble polymer PVT, it is experimentally
shown for the first time, that structurally-ordered water, as a solvent
for the polymer, defines the structure of the polymer solution, that
results in the preparation of structured films (with optical bisym-
metry) from such solution.

The water sets the structural arrangement of polymer and therefore
the optical bisymmetry of films. The basic electronic properties of opti-
cally bisymmetrical PVT films are on an order higher, than for
amorphous samples of the polymer.

We suppose that such structural arrangement of polymer films due
to the structure of the solvent will have the applications in the electro-
nics of organic materials, in the nanoelectronics as a whole.
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