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Introduction

Advances in Kinetics and Mechanism of Chemical Reactions describes the chemi-
cal physics and/or chemistry of 10 novel material or chemical systems. These 10 novel
material or chemical systems are examined in the context of issues of structure amd
bonding, and/or reactivity, and/or transport properties, and/or polymer properties, and/
or biological characteristics. This eclectic survey thus encompasses a special focus on
the associated kinetics, reaction mechanisms and/or other chemical physics properties,
of these 10 broadly chosen material or chemical systems. Thus, the most contempo-
rary chemical physics methods and principles are applied to the characterization of
the properties of these 10 novel material or chemical systems. The coverage of these
novel systems is thus broad, ranging from the study of biopolymers to the analysis of
antioxidant and medicinal chemical activity, on the one hand, to the determination of
the chemical kinetics of novel chemical systems, and the characterization of elastic
properties of novel nanometer scale material systems, on the other hand.

Advances in Kinetics and Mechanism of Chemical Reactions is divided into
10 chapters.

Chapter 1, by Valachova et al., describes their chemical system as comprised of
the compound “arbutin” in cupric ion solution with ascorbate as a reagent for treat-
ing hyaluronan (HA). Thusarbutin was tested in the function of a potential anti- or
prooxidant in Cu(II) plusascorbate, and it induced degradation of high-molar-mass
hyaluronan (HA). The time- and dose-dependences of dynamic viscosity changes of
the HA solutions were investigated by the method of rotational viscometry. Both the
reduction of the dynamic viscosity of the HA solution and the decrease of the polymer
mean molar mass as revealed by the method of size exclusion chromatography proved
the tenet that on using the Cu(Il) ions plusascorbate, i.e. the Weissberger’s oxida-
tive system, the degradation of HA macromolecules is pronounced by added arbutin.
These studies of hyaluronan (HA), a biopolymer consisting of disaccharide units, are
important from the perspective of understanding the physiology of HA in the bones
and joints and in other tissues. The medical importance of understanding HA turnover
in the human body cannot be underestimated.

In Chapter 2, Ribiero et al., describe their investigations of diffusion kinetics, in-
cluding the modeling of electrolytes and non-electrolytes. Thus in the past few years,
their diffusion phenomena group has been particularly dedicated to the study of mutual
diffusion behavior of binary, ternary and quaternary solutions, involving electrolytes
and non-electrolytes, helping to go deeply into the understanding of their structure,
and aiming at practical applications in fields as diverse as corrosion studies occurring
in biological systems or therapeutic uses. In fact, the scarcity of diffusion coefficients
and other transport data in the scientific literature, due to the difficulty of their accurate
experimental measurement and impracticability of their determination by theoretical
procedures, coupled to their industrial and research need, well justify the work re-
ported here by Ribiero et al. in accurate measurements of such transport properties.



XVi Introduction

Chapter 3 describes the frictional and elastic properties of the chemical system
comprised of polystyrene dissolved in toluene. Medvedevskikh et al. describe their
work thus, as it has been experimentally investigated by the gradient dependence of
the effective viscosity 1 for concentrated solutions of polystyrene in toluene at three
concentrations, p, and for the four fractions of polystyrene characterized by four dis-
tinct molar weights, M. The gradient dependence of each respective solution’s vis-
cosity was studied at four temperatures, T, for each pair of p and M valuations. The
experiments were carried out with the use of a standard viscosity meter at the different
angular velocities o (turns/s) of the working cylinder rotation. An analysis of the n(w)
dependencies permitted the marking out of the frictional (nf) and elastic (ne) compo-
nents of the viscosity and to study their dependence on temperature T, concentration p
and the length of a chain N. These fundamental chemical physics studies, carried out
on the molecular scale, are important for the theory underlying the viscosity phenome-
na. Where viscosity is a physical quantity that certainly requires further investigations
and measurements on the molecular scale.

In Chapter 4 of this volume concerning reinforcement mechanisms of nanocom-
posites, Kozlov et al. describe the theoretical and experimental study of the mechanics
of nanoscopic matter. The modern methods of experimental and theoretical analysis
of polymer materials structure and properties have allowed Kozlov et al. to confirm
earlier propounded hypotheses, but also to obtain principally new results. These in-
vestigators consider some important problems of particulate-filled polymer nanocom-
posites, the solution of which allows one to advance substantially the understanding
of these materials and their unusual properties. It thus endows one with the ability to
understand and predict. In this aspect interfacial regions play a particular role, since
it has been shown earlier that they are the same reinforcing element in elastomeric
nanocomposites, and they thus occur as nanofiller actually. Therefore the knowledge
of interfacial layer dimensional characteristics is necessary for quantitative determina-
tion of one of the most important parameters of polymer composites in general — their
reinforcement degree. And thus this study by Kozlov et al. is an important investi-
gation of the chemical physics of nanocomposites, including a clarification of their
multicomponent nature and a description of the nanocomposite reinforcing elements.

In Chapter 5, Mudarisova et al. describe their work in drug discovery, in the area of
antituberculosis preparations. In particular, this group describes the addition of known
tuberculostatic drugs to saccharides, in an attempt to develop medicinal compositions
that can overcome drug resistance in bacteria causing tuberculosis. Thus the work
of Mudarisova et al. can be summarized, drug discovery is one of the thrust areas of
modern medicinal chemistry. The search for and development of new antituberculosis
agents have recently become of interest because of the drug resistance of mycobacteria
to existing drugs. One promising direction for creating such drugs is the addition of
common tuberculostatics to polysaccharides. It is known that the polysacccharideara-
binogalactan (AG) has a broad spectrum of biological activity. However, its tubercu-
lostatic activity has not been reported. Herein the modification of AG and its oxidized
forms by the antituberculosis drug isonicotinic acid hydrazide (INAH) and the antitu-
berculosis activity of the resulting compounds are studied.
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Chapter 6 of this volume by Niyazi et al. describe determination of the sorption
properties of polymer cellulose and natural carbonate sorbents for use in wastewater
treatment applications. Niyazi et al. thus summarize, “the article shows the compara-
tive characteristics of the sorption properties of polymer cellulose and natural car-
bonate sorbents. The influence of the mass of sorbents on the degree of extraction as
well as the pH changing are analyzed. The optimum phase ratio has been determined.
Kinetic curves have been plotted.” The work of Niyazi et al. thus advances our under-
standing and development of wastewater treatment reagents for applications of clari-
fying wastewater in many and varied areas, both industrial and domestic, in everyday
life.

Yarmukhamedova et al. in Chapter 7 of this volume investigate chemical physics
properties of a class of aromatic compounds (diketocarboxylic acids) on the radical
initiation properties of an initiator compound used in a polymerization reaction system.
Thus as Yarmukhamedova et al. describe, “the influence of aromatic diketocarboxylic
acids on the decomposition initiator of radical polymerization - azobisisobutyronitrile
was studied by UV spectroscopy. The interaction occurs with the participation of car-
boxyl groups of diketocarboxylic acids with nitrile groups of the initiator. It is shown
that polymer obtained in the presence of aromatic diketocarboxylic acids has mainly a
syndiotactic structure.” And thus such work as that reported here by Yarmukhamedova
et al. advances our understanding of the synthesis and properties of technologically
important classes of radical polymerization polymers.

In Chapter 8 of this volume Yarmukhamedova et al. continue their work on radical
polymerization synthesis and the chemical physics properties of the radical initiators
used in such synthetic procedures. Yarmukhamedova et al. thus summarize their study
of the methyl methacrylate synthetic polymer system, “the influence of the 1,3,5-tri-
methyl-hexahydro-1,3,5-triazine on the radical polymerization of methyl methacrylate
was studied. The kinetic parameters were obtained (reaction orders, activation energy
of polymerization). It is established that the triazine is the slight chain transfer agent
during to polymerization initiated by azo-bis-isobutyronitrile, and the component of
the initiating system if the peroxide initiator is used. Polymers synthesized in the pres-
ence of 1,3,5-trimethyl-hexahydro-1,3,5-triazine have the higher content of syndio —
and isotactic sequences in the macromolecule.” Such fundamental polymer chemical
physics work as reported here by Yarmukhamedova et al. advances our understanding
of these technologically important classes of polymer systems.

In Chapter 9 of this volume, Bonartsev et al. focus their work on the degradation
properties, including particularly the degradation kinetics of the biochemical reagent
known aspoly(3-hydroxybutyrate) and its derivatives. This work is designed to be
an informative source for research on biodegradable poly(3-hydroxybutyrate) and its
derivatives. Bonartsev et al. focus on hydrolytic degradation kinetics at two distinct
temperatures, in phosphate buffer to compare polymer kinetic profiles. These inves-
tigators report chemical physics properties of these novel biopolymer systems (i.e.
poly(3-hydroxybutyrate) due to the economic interest in these natural polymers over
the well-known synthetic polymers. For it is well known that natural polymers rep-
resent an emerging area of technological interest and application, especially so with
their biodegradability
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Finally in Chapter 10, Sazhina et al. present analytical measurements of anti-
oxidant content in various food products. The antioxidant measurements are accom-
plished by means of electrochemical instrumentation. Sazhina et al. thus describe their
work, “A comparison of the total content of antioxidants and their activity with respect
to oxygen and its radicals in juice and extracts of herbs, extracts of a tea and also in
human blood plasma was carried out in the present work by use of two operative elec-
trochemical methods: ammetric and voltammetric. Efficiency of methods has allowed
studying dynamics of antioxidants content and activity change in same objects during
time. Good correlation between the total phenol antioxidant content in the studied
samples and values of the kinetic criterion defining activity with respect to oxygen
and its radicals is observed.” Thus Sazhina et al. provide an interesting methodology
and corresponding analysis of the levels of important antioxidant components within
common food products. This work is important for advancing our knowledge of anti-
oxidant biochemistry and its potential therapeutic properties.

In conclusion, we see thus in this volume, Advances in Kinetics and Mechanism
of Chemical Reactions, that chapters 1, 6 and 9 address the investigation of three
novel and distinct biopolymer systems, as to their chemical kinetics and other chemi-
cal properties. In Chapter 2 there is then a digression into the measurement of the
diffusion kinetics of electrolyte and non-electrolyte systems, with application to cor-
rosion studies. Chapter 3 covers the determination of viscoelastic properties of the
chemical system comprised of polystyrene dissolved in toluene. And the reinforce-
ment mechanisms of nanometer scale composites, with special attention focused on
mechanical properties of representative nanometer scale composite materials, is re-
ported in Chapter 4. And in Chapter 5, the biological activity of a novel tuberculostatic
drug-polysaccharide composition is reported from novel synthetic studies. Then poly-
mer chemical kinetics of two important classes of radical polymerization polymers,
with special focus on the radical initiators used in thesepolymer synthetic reactions,
provides the focus of Chapters 7 and 8. In this work on polymer chemical physics both
reaction orders and activation energies were determined for technologically important
classes of radical polymerization polymers. Chapter 10 concludes with an investiga-
tion and novel determination of antioxidant content in various foodstuffs by the clas-
sical analytical chemistry technique of electrochemistry.

It can be concluded, from this brief survey of the present volume, that broad chem-
ical physics coverage of 10 novel material or chemical systems is reported within its
pages. The chemical physics methods used to characterize these 10 novel systems are
clearly state-of-the-art, and the results should be intriguing to the prospective reader-
ship in chemistry and physics and nanoscience, including those scientists engaged
in chemical physics research and the polymer chemistry and physics communities,
as well as those researchers involved in biological chemistry research and also those
scientists focused on nanotechnology.

— Gennady E. Zaikov



