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IN MEMORIAM

To the memory of Prof. DIMITER G. ELENKOV

The team of the Institute of Chemical Engineering at the Bulgarian
Academy of Sciences was prepared to celebrate the 90™ anniversary of
his former director and teacher Prof. Dimiter G. Elenkov. Unfortunately
he passed away some days before - on October 18, 2009. Therefore, the
words to be said will be in memoriam of his long and fruitful life.

He was born in Radomir, Bulgaria. He was graduated in St. Kliment
Ohridski University of Sofia in 1943 and later — graduated as chemical
engineer in industrial chemistry at the State Polytechnics of Sofia. Since
1947 he is consecutively an assistant professor in analytical chemistry at
the Faculty of Mechanics, State University of Varna; in medical
chemistry at the Medical Academy of Sofia and in physical chemistry at
the State Polytechnics of Sofia.

He was elected as associate professor in “Processes and apparatuses in chemical industry” in 1956 and in
1965 — as full professor. During the period 1959-1966 he was Deputy-rector of the Higher Institute of
Chemical Technology in Sofia, charged with the school scientific activity. In the period 1972—-1980 he was
Deputy director of the United Centre of Chemistry at the Bulgarian Academy of Sciences and in 1980-1988
— President of the Higher Testimonial Commission at the Bulgarian Government.

He was a Bulgarian representative and member of the Steering Board of the International Centre for Heat
and Mass Transfer in Minsk, ex-USSR (now Belarus).

Prof. Dimiter G. Elenkov is the founder of chemical engineering in Bulgaria. He was Head of the chair
“Processes and apparatuses with control and automation™ at the Higher Institute of Chemical Technology in
Sofia (now University of Chemical Technology and Metallurgy) until 1972. He had accomplished a
substantial work on the establishing of Department of Chemical Engineering at Prof. Assen Zlatarov
University of Burgas, Bulgaria. He was the first Doctor of Sciences in this area (since 1967); Professor-in-
Honour (1978) and Doctor Honoris Causa of the Saint Petersburg State Institute of Technology (1982). He
was awarded with numerous state awards. As recognition of his contribution to the development of
Bulgarian chemical science and chemical engineering in particular, the academic body of the Bulgarian
Academy of Sciences elected Prof. Dimiter G. Elenkov as its Corresponding Member in 1977.

Since 1961 Prof. Dimiter G. Elenkov was Head of the Department for Mass Transfer Processes at the
Institute of General and Inorganic Chemistry at the Bulgarian Academy of Sciences, grown in 1972 in the
Central Laboratory of Chemical Engineering. As a head of the latter, Prof. Dimiter Elenkov continuously
concentrated his efforts for its development, either of the personnel and the research base. In 1986 the
Central Laboratory was upgraded into the Institute of Chemical Engineering with total staff of over 80
persons. The research area of the institute included: heat and mass transfer in homogeneous and
heterogeneous systems; chemical and biochemical reactors; methods of chemical engineering in environment
protection; automation and computerization of the related processes. The development of all these scientific
areas in Bulgaria is closely associated with the name of Prof. Dimiter Elenkov. He is author of more than 200
research papers, the majority of them being published abroad in well-known journals of chemical
engineering.

He is an author and co-author of many patents, some of them, like the equipment for removal of sulphur
dioxide and particulate matter from industrial gases, modern adsorbers and absorbers, unsteady-state reactors
for sulphur dioxide oxidation, efc., were successfully applied and still operate in Bulgarian industry.

The contribution of Prof. Dimiter Elenkov in training and development of thousands of highly qualified
chemists and chemical engineers is outstanding. His students, from their part, created, maintained and still
maintain the chemical industry of Bulgaria that for many years is a basic profitable branch of Bulgarian
economy.
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It could be stated that there are no Bulgarian scientists and engineers working in the field of chemical
engineering who is not feeling his strong impact — either through his textbooks and lectures, scientific
supervision or practical advices.

There are dozens of doctors, promoted their theses in the field of technical chemistry under his
supervision. All of the present professors working in this field have been his PhD students or co-researchers.
Today they use to teach, to lead research and to run enterprises in Bulgaria and abroad.

With the death of Prof. Dimiter Elenkov our chemical engineering community lost an outstanding
scientists, teacher and good friend.

Sofia, November 24, 2009
The colleagues from the
Institute of Chemical Engineering,
Bulgarian Academy of Sciences
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It is shown, that under given conditions the differential equations, describing some kind of transfer processes, allow
an exact solution, expressed by Bessel’s functions. For that purpose a wide range literature survey, covering the
modelling of transfer processes in chemical engineering as well as in the related fields, is done. The typical examples
from hydrodynamics, heat transfer, diffusion, bioprocesses and so on, are considered and discussed.
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INTRODUCTION

Modelling of transfer processes is based on the
construction of some hypothesis for the process
state and its growth in the space and time. The next
step is to express that hypothesis by specific
mathematical structure, e.g., to work out equations —
ordinary (ODE) or partial differential (PDE), in
which the unknown process function and variables
are taking part. The sound reasoning to compose
these equations follows from balance of transfer
towards certain volume or boundaries. Finally, to
"shut up" the resulting system of equations it is
necessary to lay down the initial or/and boundary
conditions for unknown functions and variables over
the boundary domain and time interval, where the
process occurred. When the initial time conditions
are given and the domain for other independent
variables (coordinates) is not fixed preliminary, the
so called Cauchy’s problem is obtained. If the
unknown function(s) are determined on the domain
boundaries, the boundary value problem exists. The
most often used type of boundary conditions are
those of Dirichlet (value of unknown function at the
boundary) and Neumann’s (the value of normal
derivative of this function at the boundary) condi-
tions.

The number of cases, where the so composed
system of equations and initial and boundary
conditions (model of process) admits solution (exact
or numerical), is limited. The more complete
account of all alterations of the unknown functions
and values leads to a more complex and unsolvable

* To whom all correspondence should be sent:
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model, especially when introducing physical or
geometrical non-linearity. There are several
approaches to obtain the exact solution, the common
between them is to decrease the number of
independent variables and reduce the above system
to a simpler and solvable system, for example:

- introducing of additional assumptions to
simplify the system (symmetry, isotropy, indepen-
dence from temperature, time, etc.)

- applying of different integral transformations
(Laplace, Fourier), method of separation of vari-
ables, method of eigenfunctions and eigenvalues;

- expansion of the unknown function in series
(Taylor, Fourier), using special functions (Green,
harmonic, etc.).

The above mentioned approaches to obtaining
the solution are related mainly to systems containing
linear PDE of second order and corresponding
initial and boundary conditions. The various kinds
of linear PDE, domain boundaries and boundary
conditions, as well as methods for solving some
linear PDE are well-known and these can be seen in
a lot of mathematical textbooks like [1, Ch. 8].

In this work, the focus is centred only on those
cases, where the linear PDE’s describing various
chemical transfer processes, allow the exact solution
expressed in terms of one special kind of functions —
Bessel’s functions (BF). Modelling of different
process cases from hydrodynamics, diffusion, heat
transfer and other interdisciplinary topics, which
illustrated the wide application of the BF, are
considered. The theoretical conditions needed to
obtain a solution in BF are briefly represented in
next section.
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TYPES OF LINEAR PDES IN TRANSFER
PROCESS MODELLING AND CONDITIONS
FOR THEIR REDUCING TO BESSEL’S ODE.

BESSEL’S ODE SOLUTIONS AND THEIR

PROPERTIES

Some of the most used in transfer processes
modelling linear PDE of second order are repre-
sented in Figure 1. For simplicity, the considered
equations are written towards a function f'= f(x, £) of
only two linearly independent variables, with con-
stant coefficients. Generally speaking, the elliptical
PDE describe stationary processes (distribution of
temperature and electrostatic fields, elastic defor-
mation). Parabolic and hyperbolic PDE describe
time-dependent, transient processes (free fluctua-
tions after a given initial disturbance), or processes
of distribution of the disturbances (forced fluctua-
tions, emitting waves) [2].

PDE

I 1 1
Elliptic Parabolic Hyperbolic

{ Potential distribution } [ Diffusion, heat transfer }

Wave equation

Method of separation of variables, Laplace and Fourier transform,
Simplifications

Linear ODE of 2-nd order,
Bessel type

Bessel functions

Fig. 1. Connection between linear PDE and Bessel’s
ODE.

The representatives of linear elliptical PDE are
Laplace, Poisson and Helmholtz equations. The
Laplace equation describes a potential field
distribution. If the right hand side of this equation is
not equal to zero, we have inhomogeneity and the so
called Poisson equation. Here the inhomogeneity is
a result of internal impact (force, heat, current and
other sources) on the considered domain.

The parabolic PDE widespread representatives
are heat transfer and diffusion equations. They can
be reduced and solved by the method of separation
of variables (MSV) and their solutions contain
exponential functions of negative arguments, partial
solutions of Helmholtz equation and arbitrary
constants; the latter ones are determined from the
problem boundary conditions.

The typical example of hyperbolic PDE is the
wave equation. It can be solved with the D" Alambert
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formulae when two initial conditions for the
unknown function and its derivative are given. The
Laplace u Fourier transforms are used to convert a
hyperbolic into the elliptic type PDE towards one of
the spatial coordinates. Another way to reduce it is
to apply the MSV both to hyperbolic and parabolic
PDE in the cases of mixed problems. The Helmholtz
equation represents time-independent form of wave
equation, obtained by him after applying the MSV.
This equation is used in problems of transmission
and distribution of electro-magnetic, seismologic
and other waves in space.

Commonly speaking when we try to solve some
of the most familiar linear PDE we become aware of
the fact that to apply one of several methods
decreasing the number of independent variables, the
Bessel ODE may appear as a result in certain cases.
It is occurring most frequently when we search
solutions of linear boundary problems consisting in
Laplace or Helmholtz equation in cylindrical or
spherical coordinates. One of the most popular ways
to find it is to apply MSV, which turns the basic
equation into a set of ODEs, each one of them is
towards one independent variable only. Then non-
trivial solutions of ODE must be detected such ones
that satisfy the given boundary conditions only for
the eigenvalues and respectively the searched
solution is expressed by the corresponding set-up of
orthogonal eigenfunctions and unknown coeffi-
cients. In problems with cylindrical or spherical
symmetry, these orthogonal eigenfunctions are solu-
tions of Laplace operator; in case of Cartesian coor-
dinates the trigonometric functions appear [3]. The
unknown coefficients are determined from the
boundary conditions with the requirement that the
solution must be physically reliable.

The MSV is a very simple and powerful instru-
ment but its application is possible only if the
following conditions are fulfilled [4]: “(i) the vari-
ables are separable out in the given coordinate
system, (ii) the existence of an infinite set of eigen-
functions for the reduced, self-adjoint ordinary
differential equation, (iii) the orthogonality of the
eigenfunctions permitting the direct evaluation of
the coefficients in the series expansion that repre-
sents the solution, and (iv) the boundary data are
given on constant coordinate lines”. The last
restriction can be overcome successfully with newly
discovered way [4], proposed recently for a heat
conduction linear problems in domains with
complex geometry. When the MSV is applicable
and we have Bessel’s type of ODE, the following
solutions are well-known — these are the so called
Bessel’s functions (BF). They can be classified
(Figs. 2—5) according to the coordinate system
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considered and type of space — real or complex.
Since Bessel’s ODE is of second order, it has two
linearly independent solutions. Each linear combina-
tion of these solutions is also a solution.

As it is seen from Fig. 3, 4 and 5 different types
of BF have different behaviour. The cylindrical BF
of 1-st kind is limited at point x = 0, but those of
2-nd kind here turned to infinity. The BF of 3-th
kind are also limited at the same point, but for the
case of too large complex argument. It can be seen
from Figure 4 that the values of modified BF are
real numbers at complex value of its argument.
Unlike BF of 1-st and 2-nd kind, which are oscil-

rd

BF of first kind

T

o om‘F m+a +I)

lating functions of real argument, the modified BF /,
and K, are exponentially increasing/decreasing func-
tions of complex arguments. In Figure 5 the sphe-
rical BF are represented.

The BF properties are described at some length
[3, 5-10], but even nowadays they still continue to
be a subject of learning and intrigue many
researchers from various scientific fields [11-15].
The general properties of BF are: 1) they can be
developed in asymptotic series, 2) they are ortho-
gonal functions, 3) they satisfy various recurrent
relations and 4) they permit various integral repre-
sentations.

BF of second kind

1) SR

BF of 3-rd kind

H(x)=J,(x) +iY,(x)

HY (x)=J, (x)- 1Y, (x)

Fig. 2. Cylindrical Bessel’s functions of 1-st, 2-nd and 3-th kind (solutions of Bessel’s ODE in cylindrical coordinates)
Ju®), Yo®), H,"(x) and H,” ().

J () —
J %) ===

0.8 Ja (x) J;(x] -

04

Fig. 3. Graphical representation of J,(x), Y,(x), and H,(x+iy).
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Fig. 5. Spherical Bessel’s functions j, and y,.

Zeros of BF played crucial role in their imple-
mentation in practice. Relton [16] shows that the
number of that zeros turns to infinity. In principle,
their calculation is often very complex but if it was
done once, they can be used repeatedly. At present
the Bessel’s ODE solutions and zero’s calculation
and their graphical representation are laid at the core
of many modern software packages [17—19].

After this brief introduction to the mathematical
apparatus connected to BF, some examples of
chemical engineering processes in hydrodynamics,
heat and mass transfer, bioprocesses and etc. will be
described, in which modelling the BF appeared.
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EXAMPLES OF BF APPLICATION TO
MODELLING OF TRANSFER PROCESSES IN
CHEMICAL ENGINEERING

Heat transfer

The classical example for illustration of MSV
application in this area is the heat transfer in homo-
geneous infinite cylinder with surface area S and
radius R,. The mathematical process description is
given by:

(M

67‘2 2

ou  L[o*u 1eUu 107U
— =t ——
r or

2 op
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U(r,0)= (), U(Ry,t)g=0. 2)

Assuming that at each point in the cylinder the
temperature U = U(r, ¢, {) depends only on the radii
r, the above equation will be simplified into next
one:

oU (6U
—=da

10U
ot _j ' @

ot ror

Let the MSV be applied, i.e., we look for a non-
trivial solution of the type U(r, t) = R(r).1(¢), which
satisfies the boundary and initial conditions. After
the substitution and rearrangement the next system
of two ODEs follows:

T'(t) B rzR"(r)Jr rR'(r)

= =\
azT(t) rzR(r) or
'(t)+ a®X°T () 0
“4)
rzR"( )+ rR (Kz 2 O)R

The constant A is called “separation constant”
and it is determined from the boundary (or similar to
them) conditions. The second equation in (4) is
Bessel’s ODE towards coordinate r, A, are the eigen-
values with corresponding eigenfunctions Jy(Ar).
Finally, the exact solution of Eqn. (3) is given as:

U(r,t)= Z A Jy (xlkr)exp(— aleit) Q)
k=1

The obtained in this (or similar) way exact solu-
tion in terms of BF can be used to calculate several
important parameters needed in design and con-
struction of chemical engineering apparatuses and
equipment like heat exchangers and their compo-
nents. Typical example for the efficiency calculation
of finned elliptical-tube heat exchangers, part of the
drying system in Brazilian powdered milk plant, is
considered in [20]. The efficiency n(0) of a rec-
tangular fin in an elliptical tube as a function of the
polar coordinate 0 is expressed by:

n(0)= 215(0)

m r2 - roz(e) |

{1, ) o (0)] 1o (O} (o, )
ol @K (or, 1, K, o, @)

2hsl

k S

m =

where Iy, I; and K,, K; are modified BF of 1-st and
2-nd kind respectively, ks, is the fin thermal
conductivity, A is the shell exchanger heat-transfer
coefficient, s — the fin thickness, ry, r.— geometrical
parameters of finned elliptical-tube.

An analogous situation exists in the calculation
of cooling towers efficiency. The towers consist of
the plate-finned tubes with external radius R [21].
These plate-finned tubes are approximately simu-
lated through round tubes with an equivalent radius
r, when a criterion for equal performance is
adopted. The simplification based on the asymptotic
properties of BF was considered likewise and finally
the efficiency takes the form:

1 = tanh(mR @)/ mR ¢

where

6= 1] 1+035m L %

R R

In the case of more complex fin geometry —
cylindrical fins with hyperbolic profile [22], two
simple numerical procedures for solving general
Bessel’s ODE are proposed to estimate the tempe-
rature changes in such fins. The aim of these
procedures is to evade the assessment of elegant, but
sophisticated exact solution for temperature distri-
bution and to correspond with fin’s efficiencies
expressed by modified BF of fractional order. In the
later work [23] a new way to facilitate the calcu-
lations, manifesting modified BF with exponential
functions, is suggested. The comparison made
between the exact and approximated formulas in
regard to efficiency shows that efficiency value can
be calculated sufficiently precise with approximated
formulae, which require using of electronic
calculator only.

Another case when the BF arises is heat transfer
modelling as considered in [24]. Here the problem
of cross-flow streaming of heated object with large
value of length to diameter ratio (like thermo-
anemometer) is solved for small Pe numbers using
the theory of analytic functions. After applying the
right and reverse Fourier transform action and
taking into account the integral form of modified BF
[9] in the obtained solution, the following exact
expression for the Nusselt number is worked out:

Nu=2/K(Pe/4), (8)

where Nu is the ratio of convective to conductive
heat transfer across (normally to) the boundary, K,
is a modified BF of 2-nd kind. The comparison done
between Eqn. (8) and other theoretical relations is
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very good, as well as a qualitative similarity to the
experimental data was observed.

Mass transfer

Owing to the analogy between mathematical
descriptions of heat and mass transfer processes, the
BF arises again as solutions of various diffusion
type of processes. In [25] a model is proposed
describing changes in tracer (solid phosphorus)
concentration profiles in the apparatus with circula-
tion fluidized bed. Mixing of flow of dispersed
particles in ascending line is characterized by the
coefficients of axial and radial dispersion D, and D,.
If the tracer injection like delta-function at the
beginning is provided and the tracer concentration
¢ = c(tx,r) profiles are evaluated by a dispersion
model with ideal displacement, the diffusion and
convection under conditions of steady flow is
described by:

2
D, 8_ D, 0 8c i oc_0e )
“ox2  r or ﬁr ox ot
at the following boundary and initial conditions:
r ’ 6;/' s r ’ a]f' ’ X ’ 4 ’
c(t,x,r) =c .5(t,x,r) (10)

The analytical solution of the upper system has a
dimensionless form:

c _exp(pé) 3 B.p) &
¢y 2770 S JX(B,)| 46

. 2D, _ U,R
R’ R\/_ N
D..

U,.L 2U,.R
0=—2-, Pe,=—*=, Pe, =—*—
R D D

a r

—(p*+p | (1))

Perhaps except only sections near the wall of air
duct, the match between model and experiment is
very good [25, Fig. 4—6]. The dimensionless equa-
tions, in which Peclet numbers are determined as a
functions of Reynolds number and bed porosity, are
derived too (mean error 10%).

In two consecutive works [26, 27] the problem of
transfer modelling of one or more pollutants in an-
isotropic underground media into the horizontal and
vertical direction has been studied. The respective
system of advection-dispersion equation and initial
and boundary conditions is solved analytically
where values of axial and radial Pe numbers are
unknown. They are determined later on by solving
the inverse problem with Monte-Carlo method and
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experimental data for pollutants distribution.

5 +la_c J,.La_c (12)
or r or Pe, Ox2

oc, oc _ m [o'C
ot ox PeR

M =0, lim C(r’x’l)z(),
or r=1 X—>+00
oC
—=0,
x@)’;—noo ox

C(r,0,t)=CyH(t), C(r,x,0)=0;

Here L is the column length, R is the column
radius, Cy is the pollutant inlet concentration, H(t) —
Hevyside function, n = L/R. Because of its compli-
cated mathematical expression the analytic solution
is not presented in details here; it is a linear combi-
nation from BF of 1-st kind and two exponential
functions whose arguments are Pe numbers. A very
good coincidence is observed between the model
and experimental values of pollutant concentrations
[26 Fig. 2].

Another approach to modelling transfer process
like osmotic transfer of water molecules in nano-
pores of the hexagonally packed carbon nanotube
membranes is presented in ref. [28]. It was found
through random walk model that the flow through
any of the cylindrical membrane pores is stochastic.
Then the final number of water molecules passing
through each of the cylindrical pores for time ¢, is a
function with the following distribution:

P[AN()=v]=exp(- k’t{ﬁj I, (Zk’tpl/qu/z),(B)
q

where p,q = 1 — p are probabilities for water mole-
cule to “hop” by one molecular diameter toward the
salt-solution and pure-water compartments respect-
ively, k" — “hopping” rate.

In the modelling of water diffusion in polymer
particles (amorphous macromolecular systems and
foods) with spherical or cylindrical shape, one is
seeking a solution of the diffusion equation of the
second law of Fick [29]. The solution obtained in
[29, Eqn. (18)] for the normalized water uptake M,
is:

= 4
=1-> — exp[ Da? t] (14)
n=1 a4 (X
where aa, are the roots of Jy(aa,) = 0, D is a

diffusion coefficient. That solution is compared with
the solutions of other simpler models. It is well seen
[29, Fig. 2] that there is a qualitative difference in
the behaviour of these solutions for M, with respect
to the time ¢, because without accounting for zeros
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of the BF, the linearity of the other solutions is valid
only for the first 15—20% of the entire process.

The consistent application of the fractal diffusion
model, the MSV, and the construction of analytical
continuation in eigenfunctions BF allow obtaining
exact solution for the distribution of concentration
in a limited volume of the vessel (reactor) in the
case of CO, and N, diffusion in mesoporous mate-
rials (y-alumina) [30]. This allows simulating and
analyzing in detail the diffusion kinetics only
through the use of BF of fractional order and their
positive zeros.

In [31] it has been shown that the effectiveness
factor for a catalyst pellet can be expressed for an
irreversible first-order reaction by a single function,
namely the modified Bessel function, independent
of the shape of the pellet. Such a relation has been
derived by transforming the Laplacian into a three-
dimensional coordinate system, appearing in the
differential mass balance equation of diffusion and
reaction in a catalyst pellet, to the one-dimen-sional
system. The order of the Bessel’s function is strictly
connected with the shape of the pellet, which is
characterized by the geometrical shape parameter.
The derived relationship thus enables the effect-
iveness factor to be calculated quickly for any simple
shape of the catalyst pellet. It can therefore replace
tedious and not always feasible rigorous calculations
in the modelling and sizing of heterogeneous cata-
lytic reactors.

Later, Argentinean scientists’ team [32] deve-
loped models of Burghardt and found out that their
one-dimensional model for the effectiveness factor
of granules, already defined by the form factor, is
applied with great precision in 3-D cases. Simplified
procedures for calculating the efficiency of cylin-
drical pellets with arbitrary cross-section have been
developed in [32], as an alternative for the same
problem, if the form factor cannot be thus calcu-
lated, by a method of boundary elements. The study
of the convergence of different equations for the
degree of effectiveness of one cylindrical bead and
disk expressed by modified BF has been worked out
also by Asif [33]. It was found that the degree of
effectiveness is increased if the factor of the form of
granules differs from the spherical one.

Bioprocesses

Two-step reduction of benzene concentration in
the bioreactor was studied: absorption in cylindrical
polymer particles, and subsequent biodegradation of
the rest in the liquid phase of benzene through the
bioreactor after inoculation with Alcaligenes xylo-
soxidans [34]. The idea is to remediate partially the
initial solution to a concentration of benzene, non-

toxic to the environment. Benzene is first absorbed
by the polymer to a concentration suitable for the
microorganisms already present in the bioreactor,
which are extracting it finally. Crank equations
involving the BF are used [35] for calculation of the
average effective diffusivity of benzene D, within
the solid cylindrical polymer particles, in [34, Eqn.

@I
)
. 4a(a + l)exp[q_”zDetj
M, - r
——=1- . (15)
M, ; 4+40+ qﬁaz

Here M , 1s the mass of phenol absorbed from
the medium by a single bead at time ¢, M « 18 the

total mass of phenol absorbed by a bead, r is the
average radius of the beads, and ¢,’s are the roots of
the following characteristic equation, including BF
of 1-st kind:

aanO(Qn)-'-z‘]l(q'z):O' (16)

The coincidence between measured and calcu-
lated values in the above equation for the ratio
Mt/Mw is very good [34, Fig. 3].

Also in 2003, Japanese scientists’ team studied
the process of simultaneous nitrification and denitri-
fication of wastewater in membrane bioreactor with
aeration and biofilm fixed on the hollow fiber mem-
brane surface [36]. The bacteria, oxidizing ammo-
nium compounds, are concentrated mainly inside
the biofilm and the bacteria, carrying out denitrifi-
cation, are distributed outside. The constant speed of
reaction of the 1-st order k; for nitrification is deter-
mined by combining of experimentally measured
concentration profiles of ammonia nitrogen/total
nitrogen in biofilm, and the exact solution of the
equation of mass balance within a biofilm:

1d| dCy
DA*f r Zk[CA;
rdr dr

r=rp, CA:Cb;r:rm; CA:Cm

where C, is the concentration of ammonia nitrogen,
Cz — the concentration at the outside biofilm
surface, C,, — the concentration at the outside mem-
brane surface, D, — the diffusion coefficient inside
the biofilm. The exact solution of the above system
includes modified BF [ and K, of 1-st and 2-nd kind:

k k
Cy=Aly| |——r|+BKy| |—r| (8
Dy Dy

where A4 and B are algebraic expressions, consisting

(17
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of the same functions and boundary value concen-
trations. Kinetic parameters are identified with its
help — the rate of nitrification in three different axial
positions in the reactor, diffusion coefficient, and
experimental results show that nitrogen impurities
are completely reduced at the exit of the apparatus.

Hydrodynamic

The influence of the superficially active
substances (SAS) on the hydrodynamics was studied
in [37]. The distribution of velocities in a thin
laminar film, which was solved SAS, is determined.
After a number of simplifying assumptions the non-
homogeneous Bessel’s differential equation about
one velocity component is obtained, in which the
influence of SAS appeared in its right side.
Longitudinal velocity component is expressed by
the BF of the first kind and argument, depending on
the longitudinal coordinate, the initial thickness of
the film, and the change of surface tension. It was
found out that the surface concentration of SAS and
the distribution on the surface of the film can be
determined by the rate of adsorption.

Another problem connected with SAS is solved
in [38]. In the presence of SAS considering the
impact of the phases, limiting the film, the rate of
thinning of emulsion films in the cylindrical coor-
dinates and for semi-infinite area has been studied.
The mechanism of SAS emerging is divided into 2
stages - the diffusion from volume of the film to the
layer in immediate vicinity of the film surface, and
adsorption of SAS from that layer to the film sur-
face. Depending on the rate of these stages, slowed
diffusion or delayed adsorption, respectively, were
observed. Equations of the Navier-Stokes and
boundary conditions are simplified and this leads to
an analytical solution for determining the compo-
nents of velocity in  and z in the surrounding film
phase. This solution contains BF of 1-st kind.

The idea of modelling the process of spreading
of a liquid flow in packed columns by the Gaussian
normal distribution is started in [39], and subse-
quently is further developed in [40] and [41]. Based
on this idea various mathematical models are
developed subsequently, most of whose analytical
solutions for the liquid density of irrigation in
different cases of initial irrigation and other types of
boundary conditions are derived [42—59]. The most
common type of solution has been presented by
converged infinite series and is a combination of
exponents, BF and unknown coefficients, the latter
being determined based on the boundary conditions.
Table 1 shows some of the results obtained by
different researchers on modelling the liquid density
of irrigation in packed columns.
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BF can be used in modelling of gas flow maldis-
tribution in the packed columns too [60—62]. For the
gas phase the analytical formula (from the disper-
sion model of [60]) for a gas flow maldistribution
factor has been worked out. Later an additional term
taking into account the effects of the discrete struc-
ture of the packing layer itself is added to this for-
mula [61—62], since in the solution for the velocity
given by dispersion model, the structure of layers is
assumed to be homogeneous and isotropic medium:

(M}eal)z _ (M}nodel)z N (M;oise (19)

In the modelling of the blood flow movement in
arterial vessels different boundary conditions have
been tested in cases of deformable or non-deform-
able arterial walls [63]. For determining appropriate
choice of boundary condition of pulsative blood
flow in the model, the solution of Womersley [64]
has been chosen:

W 1) = 7;3{1_[1{” N

(20)

) exp(in a)t)

where R is the inlet radius of the considered arterial
vessel, a, are eigenvalues, i — imaginary unit. Pulsa-
tion of the flow is modelled by a Fourier series with
coefficients B, B,. Since they were unknown [63]
they were determined by experimental data for
blood velocity profile taken by ultrasonic Doppler
method. The argument of the BF of the first kind
contains the frequency w of the cardiac cycle ~ Is.
The appropriate choice of Eqn. (20) upon comparing
calculated and experimental data on the rate of
blood flow can be seen in [63, Fig. 3].

The review of all selected examples of BF appli-
cations in all considered areas would be incomplete
if the similarities between the diffusion boundary
problem, dispersion model for spreading fluids and
heat transfer problem are not mentioned [11]. The
different cases of problems boundary conditions and
the effects, which they are corresponding to, are dis-
cussed. In particular, the boundary condition, used in
[47, 48] are considered. It is an assessment of the
zeros of the BF of the first kind and 1-st order
involved in that condition, using Newton-Rapson’s
method.



T. St. Petrova: Application of Bessel’s functions in the modelling of chemical engineering processes

Table 1. Analytical solutions for liquid density of irrigation, expressed in BF for different boundary conditions.

azf(r,z) N 1 ﬁf(r,z) _ ﬁf(r,z)

Equation: . 2 or PE
Boundary condition Solution Source
Jreo =0 0 2 [41, 65-68]
= 4t P (_ 4DHJ
f(a:Z): KW(Z) f(r,z) Z Jo an/a exp( ano) 1691
fo K+l 2k 4k + 42 ylg,)

P f(r, Z) @ [44—46, 49, 50,
Py ZB{f(’”:Z)_CW}’ f“(r,z)z 4, +Z_;A,’1‘J0(an)exp(—qnzz) 53-58]
for r=1

o C 2(q2 /B-20)
0= cAY =
Tl /a-acf 2 vacia)
[47, 48]
_ 2naD(%jr_a = kf(a,2)— k'w(z) fio = m.(l +2(1+0a)) x

> anO(an/a)exp(— q,z,To)

’ 1 2 2
n=
(213615—“) +q, +4a |7, (q,)
o= l; ) BZE’ TOZDIZ—I
na‘k’' k a

REASONS FOR USING BF IN THE MODELING
OF CHEMICAL ENGINEERING TRANSFER
PROCESSES

- Heat transfer, diffusion and hydrodynamic
processes of flow moving and flow state, can be
modelled successfully by PDEs. There are methods
for solving them by which they are restricted to the
Bessel’s type of ODE for some of the variables. The
exact solution of the ordinary or modified Bessel’s
equation contains BF.

- The solution in BF is obtained when the system
of linear PDE, with boundary and initial conditions
is located in the area with simple boundaries —
rectangle, circle, efc., and the presence of symmetry
(cylindrical or spherical).

- In many cases it is possible to simplify the right
exact solution, using the properties of BF (asymp-
totic at large or small value of the argument, ortho-
gonality, recurrent relations between BF, integral
representations). This saves time and resources in its
calculation.

- Opportunity to compare the exact and other
existing approximate solutions allows evaluating the
details based on which it is determined as well as
when to use which one, especially in the calculation
of kinetic and other important indicators of the
effectiveness of a transfer process.

NOMENCLATURE

A,B  constants, in the algebraic expressions,
Eqn. (18);

a thermal diffusivity, (m*/s);

By, B, Fourier series coefficients;

Cy concentration of ammonia nitrogen, (g/m’);

G concentration on the outside biofilm surface,
(g/m’);

C, concentration on the outside membrane

surface, (g/m’);

Co scale of pollutant concentration, (g/m’);

¢, co, recent and initial relative concentrations of
the phosphorus tracer, (—);

D diffusion coefficient, (cm?/s);
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diffusion coefficient inside the biofilm,
(m*/day);

coefficients of axial and lateral solids
dispersion, respectively, (m?/s);

average effective diffusivity of benzene
inside the solid cylindrical polymer
particles, (cm/s);

function; liquid density of irrigation in
Table 1, (m*/m’:s);

H,(x+iy) BF of 3-th kind, complex argument;

H(z)
hsl

Hevyside function;

shell exchanger heat-transfer coefficient,
(W/m*K);

imaginary unit;

modified BF of 1-st kind, order 0. = 0,1,2 .. ;

cylindrical BF of 1-st kind, order
o=0,1,2..;

spherical BF of 1-st kind;

modified BF of 2-nd kind, order a =0,1,2 ..;
fin thermal conductivity, (W/m-K);

summation indexes;
hopping rate, nm/s;
constant rate of reaction of the 1st order for

nitrification, (I/day);

column length, (m);

gas maldistribution factor,(—);

water uptake, in Eqn. (14), (mg);

mass of phenol absorbed from the medium
by a single bead at time ¢, in Eqn. (15),
(mg);

mass of water uptake as time approaches
infinity, in Eqn. (14), (mg);

the total mass of phenol absorbed by a bead,
in Eqn. (15), (mg);

probability of water molecule to “hop” by

one molecular diameter toward the salt-
solution;

q = 1—-p probability of water molecule to “hop” by

~N
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one molecular diameter toward the pure-
water compartments;

roots of Eqn. (16);

radius, (m);

cylinder radius, (m);

radial coordinate, (m);

geometrical parameters of finned elliptical-
tube, (m);

equivalent radius, (m);

the average radius of a bead, (m);
cylinder surface area, (m?);
fin thickness, (m);

t time, (s);

U superficial solids velocity, (m/s);

U temperature, (°C);

u dimensionless velocity in Eqn. (12);
X,y  spatial coordinates, (m);

Y,(x) BF of 2-nd kind;

Vn (x) spherical BF of 2-nd kind;

ao,  roots of J, (aan ) =0;

a, modified Womersley number, after [64];
B, the n-th positive zero of J;;

) Dirac’s function;

n= % dimensionless parameter, (—);

n(@) efficiency, (—);

> @

e 6

BF
MSV
ODE
PDE
SAS

10.

11.
12.

13.

polar coordinate, (m);
angular coordinate, (grad);
separation constant;
eigenvalues in Eqn. (5);

dimensionless parameter in Eqn. (7);
frequency of the cardiac cycle, (s).

ABBREVIATIONS

Bessel’s functions;

Method of separation of variables;
ordinary differential equation;

partial differential equation;

surface active substances (surfactants).
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MMPUJIOXKEHUE HA BECEJIEBUTE ®YHKIINU B MOJAEJIMPAHETO
HA MHXEHEPHO-XMMWYHU I[MTPOLUECU
T. Cr. IleTpoBa

Hucemumym no unoicenepna xumus, boneapcka akademus wa nayxume, yi. ,,Axao. I'. Bonues*, 6n. 103, 1113 Coghus

[ocrpmuna va 18 mapt 2009 r.
(Pestome)

[TokazaHo e, 4e npu onpeneseH ycaoBus qudepeHInaIHITE YPaBHEHUS, OITMCBAIN ChOTBETHUS ITPEHOCEH TPOLIEC,
JIOIyCKaT pelleHue, n3passasaio ce upe3 becenesure pynkuun (bP). 3a nenta e HanpaBeHO MPOy4BaHe BHPXY HIMPOK
KpbI' paboTH, 00XBaIIal] MOAEIMPAHETO Ha MPEHOCHH NPOLECH KAaKTO B XUMUYHOTO MH)XEHEPCTBO, Taka M B CPOJHH U
OJM3KU 10 Hero obnacTH. PasrienaHu ca pasiM4HM TUIIOBE CIy4ad OT XHAPOIMHAMHUKATA, TOIUIONPOBOIHOCTTA H
mudysuara, Owompomecure W Ap. B 3akmoueHme ca 000COOCHHM OCHOBaHHSTAa 3a W3MON3BaHeTO Ha bD mpum
MOZEIUPAHETO Ha IPEHOCHHU MIPOLIECH B HHXKEHEPHATA XUMHUSI.
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Attempts were made to optimize bioprocess parameters for maximum production of methane and removal of
chemical oxygen demand (COD) and biological oxygen demand (BOD) from black liquor in the process of
biomethanation in three-phase fluidized bioreactor. The optimum hydraulic retention time (HRT) is 8 h and optimum
initial pH of the feed was observed to be 7.5. The optimum feed temperature is 40°C and optimum feed flow rate is 16
L/min at organic loading rate (OLR) of 45.158 kg COD'm >-h™" respectively. The maximum methane constitutes
64.82% (v/v) of the total biogas generation. The maximum biogas yield rate is 0.723 m’/kg COD-m >-h™' with methane
yield rate of 0.530 m*/kg COD-m *-h ™' respectively at optimum biomethanation parameters. The maximum COD and
BOD remediation of the black liquor are 79.65% (w/w) and 81.54% (w/w) with maximum OLR of 11.686 kg

COD'm **h "' respectively.

Key words: anaerobic, biogas, biomethanation, black liquor, fluidized-bed, optimum.

INTRODUCTION

The energy crisis of the early 1970s brought into
sharp focus the vital importance of the biomass
energy in the face of destabilized global trade in
fossil energy. Much of the present-day technology is
fuelled by biomass of carboniferous era. To a
varying extent, this fossil biomass energy resource
is supplemented all over the world by energy obtain-
able from extant biomass. The unique ability to
capture photons from solar radiation and to store the
energy in the form of sugars, starch, cellulose
materials, etc. implies renewable energy supply
given appropriate conversion technologies.

A reassessment of conventional biomass energy
production and conversion technologies is pertinent
at this stage. The bulk of biomass energy is cur-
rently derived from agricultural crop wastes [1-7].
Biogas production is of major importance for the
sustainable use of agrarian biomass as renewable
energy source. In a few instances, municipal wastes
and peat form additional sources of biomass energy
[8—14]. Attempts are being made to exploit other
forms of biomass such as seaweeds, and algae.
While these other sources could add substantially to
the world biomass energy supply, their exploitation
could lead to ecological disasters. A more possible
alternative is to use industrial cellulose wastewaters
and effluents to satisfy the ecological balances and

* To whom all correspondence should be sent:
E-mail: skmhossain@yahoo.co.in

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

pollution abatement [15—32].

The conversion of complex organic matter to
methane and carbon dioxide is accomplished in
general by four groups of bacteria [1—7] namely
hydrolytic, acetogenic, acetoclasic and hydrogen-
utilizing, respectively. The various groups of
bacteria essential to the biomethanation are inter-
dependent. They all perform under anaerobic condi-
tions, i.e. in the absence of molecular oxygen at
highly negative redox potential, but the activity of
each group depends on the activities of the others.
The actual ratio of methane to carbon dioxide (CO,)
varies with the substrate, temperature (mesophilic or
thermophilic) and bioprocess conditions [1-7,
26-32].

Perez et al. [18] examined the effect of organic
loading rate (OLR) on the removal efficiency of
chemical oxygen demand (COD) and total organic
carbon (TOC) using anaerobic thermophilic fluid-
ized-bed reactor (AFBR) in the treatment of cutting-
oil wastewaters at different hydraulic retention time
(HRT) conditions. Acharya et al. [19] studied the
anaerobic digestion of wastewater from a distillery
industry having very high COD and biological
oxygen demand (BOD), which was fed in a conti-
nuous upflow fixed film column reactor using dif-
ferent support materials such as charcoal, coconut
coir and nylon fibres under varying hydraulic reten-
tion time (HRT) and organic loading rates (OLR)
respectively. This study indicated that fixed film
biomethanation of distillery spent wash using
coconut coir as the support material appeared to be a
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cost effective and promising technology for miti-
gating the problems caused by distillery effluent.
Jantsch et al. [20] investigated anaerobic biodegra-
dation of fermented spent sulphite liquor. Batch
experiments with diluted liquor and pretreated
liquor indicated a potential of 12—-22 1 of methane
per litre liquor, which corresponds to 0.13—0.22 | of
methane (gVS)™' and COD removal of up to 37%.
COD removal in a mesophilic upflow anaerobic
sludge blanket (UASB) reactor ranged from 10% to
31% at an organic loading rate (OLR) of 10-51
g(L-d)”" and hydraulic retention time from 3.7 to
1.5 days. The biogas productivity was 3 1-(Lreactor~d)7l,
with an yield of 0.05 1 gas (gVS) .

Encouraged by the above work, continuous
investigations are being undertaken to develop an
effective anaerobic biomethanation of black liquor
(wastewaters from craft pulping) using actively
digested sludge from a sewage plant for biogas
generation in three-phase fluidized-bed bioreactor.
Attempts are also made to optimize hydraulic reten-
tion time (HRT), initial feed pH, feed temperature
and feed flow rate to obtain maximum methane gas
generation and bioremoval of chemical oxygen
demand (COD) and biological oxygen demand
(BOD) from black liquor wastewaters.

EXPERIMENTAL

Collection of seed and suspension culture pre-
paration. Activated sewage sludge collected from a
local sewage plant constitutes the ideal "seed"
material. It is transferred to suspension culture media,
prepared earlier and incubated in an incubator at
30°C for 7 days for sufficient bacterial growth. The
resulting mixed bacterial cell suspensions are
filtered through several layers of sterile adsorbent
cotton. The mixed bacterial population is counted
[33] as 7.1x10° number of cells per ml of the
suspension culture (Luckey Drop Method). The sus-
pension culture media contained the following con-
stituents per liter: KH,PO4 — 20 g, MgS0O,.7H,0 —
5.0 g, CaCl, — 1.0 g, MnSO,.7H,0 — 0.05 g,
FeSO,.7H,0 - 0.10 g, CaCl,.6H,O — 0.10 g,
AIK(S04),.12H,0 - 0.01 g, Na,M004.2H,0 — 0.01 g.

Collection and analysis of black liquor

The black liquor wastewater sample was
collected from indigenous sources and stored at 4°C.
The sample was analyzed [34]. The chemical oxygen
demand (COD) is 28.565 mg/l and biological
oxygen demand (BOD) is 17.750 mg/1 respectively.

Experimental setup

The experimental setup of three-phase fluidized-
bed bioreactor (Appex Innovations Ltd.) is shown in

356

Fig. 1. The wastewaters enter at the bottom and pass
through the fluidized-bed bioreactor and leave at the
top. The flow has a velocity sufficient to expand the
bed without necessarily causing vigorous agitation,
which results in complete mixing of the wastewaters
and mixed activated sludge bacteria. The increase in
effective surface area of the medium, achieved by
fluidizing and expanding in the bioreactor bed,
provides an opportunity for higher organic loading
rates, greater yield of cell mass and greater resist-
ance to intimidators. Wastewaters flow in expanded
bed only. Recycle of the feed is done (Fig. 1). The
biogas is collected in a gas holder. The gas holder is
normally an airproof steel container, which floats
like a ball on the fermentation mix and cuts off air
to the reactor and collects the gas generated. It is
fitted with a Flame-lonization Detector (FID). After
each operation, the effluents (digested feed) are
discharged through a valve.

Fluidized bed
Bio reactor

Gas collection

Thermo couple

heating
coll

Storage
Tank

Fig. 1. Experimental setup of fluidized-bed reactor.
General method

The anaerobic biomethanation of black liquor is
studied in a three-phase fluidized-bed bioreactor of
18.6 1 capacity. Experiments are carried out in 50 1
plastic tank containing 20 | of raw wastewaters as
feed to be digested for biogas generation. 20 1 of
suspension mixed activated bacterial culture as
inoculums are added to the feed tank. The inoculum
is taken from a seven-days-old suspension culture.
2.0 L of suspension culture media is added to the
feed tank contents. The initial pH of feed in tank is
maintained at 6.0 by using 0.1 N H,SO, acid and/or
1 M CaCOs slurry. The temperature of the feed is
maintained at 30°C by means of heating coil fitted
with off/on temperature controller. The temperature
of the feed is measured by a thermocouple. The feed
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is pumped to three-phase fluidized-bed bioreactor
from the feed tank. The initial feed flow rate is
maintained at 10 I/min (OLR is 28.224
kg COD-m >h™'") through a rotameter (Fig. 1).
Outlet digested feed is recycled to the feed tank. The
biogas is collected in the gas holder.

Effect of hydraulic retention time. The concen-
trations of methane gas in the generated biogas are
measured at regular interval of time. 50 ml of
digested feed is taken out after 2, 4, 6, 8, and 10 h of
HRT, filtered, followed by analysis of COD and
BOD respectively.

Effect of initial feed pH. The general method is
repeated at various initial pH values of the feed in
the tank such as 6.5, 7.0, 7.5 and 8.0 respectively to
optimize initial pH. The concentrations of methane
gas are measured at optimal HRT of 8 h at each pH
value. 50 ml of digested feed is taken out at optimal
HRT, filtered, followed by analysis of COD and
BOD at each pH value respectively.

Effect of feed temperature. The general method is
repeated at different temperatures of the feed in the
tank such as 35, 40 and 45°C respectively. The
initial pH of the feed in the tank is maintained at
optimum of 7.5. The methane gas concentrations are
measured at optimal HRT of 8 h at each tempera-
ture. 50 ml of digested feed is taken out at optimal
HRT, filtered, followed by analysis of COD and
BOD respectively at each temperature.

Effect of feed flow rate. The general method is
repeated at different feed flow rates (organic loading
rate) in the three-phase fluidized-bed bioreactor
such as 12, 14, 16 and 18 1/min respectively. The
corresponding organic loading rates (OLR) are
33.867 kg COD'm *h™', 39.513 kg COD'm *h',
45.158 kg COD'm-h" and 50.803 kg COD'm **h™'
for 12, 14, 16 and 18 1/min respectively. The initial
pH value of the feed in the tank is maintained at
optimum of 7.5. The temperature of the feed in the
tank maintained at optimum 40°C. The methane
(CH4) gas concentrations are measured at optimal
HRT of 8 h for each feed flow rate. 50 ml of
digested feed is taken out after optimal HRT,
filtered, followed by analysis of COD and BOD
respectively at each flow rate.

Analysis of methane in biogas

The analysis of biogas [35] containing methane
gas is carried out by the Flame-Ionization Detector
(FID). The eluate coming from the column is mixed
with hydrogen (the fuel) and then burned in a stream
of air (the oxidant) to form a combustible mixture in
FID (Ametek Process Instruments, Inc.). The ignited
mixture yields a flame, which provides the energy to
ionize sample component in the eluate. The tempe-

rature (1800—1900°C) of the air-hydrogen flame is
used to ionize only carbon compounds. The positive
ions thus formed during ionization in the flame are
attracted to a negative “Collector” electrode and
repelled by a positive “Repeller” electrode. The
repeller electrode is either the metal burner or an
electrode placed near the base of the flame. Upon
striking the collector electrode, the positively charged
ions cause a current to flow in the external circuit,
connecting the positive and negative electrodes. The
current is amplified and recorded. Because the
hydrogen-air flame itself generates relatively few
ions, it has a non-zero base line. The current flowing
through the circuit is proportional to the number of
ions striking the collector, which in its turn is pro-
portional to the amount (concentrations) of methane
gas entering the flame. Since the number of the
positive ions formed in the flame is proportional to
the number of carbon atoms in the sample com-
ponent, the detector’s response is also proportional
to the number of carbons in the sample component
molecule [35]. The FID responds only to such sub-
stances, which can be ionized in the air-hydrogen
flame. For that reason, the FID does not respond to
most inorganic components present in biogas
including carbon dioxide, hydrogen sulphide, etc.

RESULTS AND DISCUSSION

Effect of hydraulic retention time

The effect of hydraulic retention time (HRT) on
methane (CHy4) gas generation from black liquor and
bioremediation of pollution load in fluidized-bed
bioreactor with mixed activated sludge is shown in
Figures 2 and 3 respectively.

0.45

0.4 —&— Biogas yield
—l— Methane gas yield

0.35

0.3

0.25

0.2 4

0.15

Methane gas and Biogas yield

Fig. 2. Effect of hydraulic retention time.

The concentration and yield of methane gas
increase with increase of HRT up to 8 h and then
both decline (Fig. 2). The concentrations and yields
of methane gas from black liquor are proportional to
optimal HRT of 8 h. It is observed that maximal
biogas yield from black liquor is 0.416 m’/kg
COD'm *h™" at optimal 8 h HRT (Fig. 2). The

357



Sk. M. Hossain and M. Das: Biomethanation of black liquor in fluidized-bed bioreactor

maximal methane gas concentration is 41.53% (v/v)
at optimal 8 h HRT in the biogas (Fig. 3). The
recycling time is also included in the HRT measure-
ments. Maximal methane gas yield is 0.172 m’/kg
COD'm*-h™" at an optimum of 8 h HRT (Fig. 2). It
is also noticed that the maximal removal of COD
and BOD from black liquor are 49.53% (w/w) and
56.72% (w/w) respectively at an optimum of 8 h
HRT (Fig. 3). After 8 h of HRT, the removal of
COD and BOD from wastewaters decreases (Fig. 3)
and yields of biogas and methane gas also decline
(Figs. 2 and 3). Therefore, HRT of 8 h is taken as an
optimum for further studies in the fluidized-bed bio-
reactor to optimize other biomethanation process
parameters.

60

—&— Methane concentration
—i— COD reduction
—&— BOD reduction

20

pollution reduction w/w %
w
8

Methane gas concentration v/v% ,

Fig. 3. Effect of hydraulic retention time.

It is evident from the Figures 2 and 3 that as the
HRT increases, the yields and concentrations of
methane gas by the mixed bacteria increase up to
optimal value, then both decrease. This is because of
bacterial populations in the reactor that can affect
biomethanation of black liquor. At the early stage of
biomethanation, which coincided with lag-phase of
bacterial growth, the removal of COD and BOD and
yield of methane gas are very low (Figs. 2 and 3).
The extent of lag-phase is dependent on feed
compositions, which initially contain high values of
COD and BOD, respectively. Lag-phase time is
required for adaptation to black liquor media for
proper growth of the mixed bacteria [36—37]. The
transition of bacterial growth from the lag-phase to
exponential phase (maximum growth) led to a
notable increase in methane gas, which proceeded in
the same way until it reaches maximum at optimal
HRT of 8 h as well (Figs. 2 and 3).

Effect of initial feed pH

The effect of initial feed pH on the anaerobic
biomethanation of black liquor in three-phase
fluidized-bed bioreactor is shown in Figures 4 and 5
respectively. Initial pH of feed is taken both in
acidic and basic medium range. The optimal HRT of
8 h is maintained for the optimization of feed pH.
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The increase in yields and concentrations of
methane gas are observed with increase in initial
feed pH up to 7.5 and then both declined. It is
observed that maximal biogas yield from sugar
industry wastewaters in fluidized-bed bioreactor is
0.618 m*/kg COD-m **h™" at optimal feed pH of 7.5

(Fig. 4).
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Fig. 4. Effect of feed pH.

The maximum methane gas concentration is
50.76% (v/v) at optimum feed pH of 7.5 with mixed
activated sludge bacteria (Fig. 5). The maximal
methane gas yield is 0.313 m’/kg COD'm>-h™" at
optimal feed pH of 7.5 (Fig. 4). With increase in
feed pH value beyond 7.5, the concentrations as
well as the yields of methane gas decrease sharply
(Figs. 4 and 5). It is also observed that maximal COD
removal from black liquor in the biomethanation
process is 58.75% (w/w) at optimal feed pH of 7.5

(Fig. 5).
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Fig. 5. Effect of feed pH.

Maximal BOD removal from wastewaters in the
biomethanation process is 66.85 % (w/w) at optimal
feed pH of 7.5 (Fig. 5). The removals of COD and
BOD decrease after optimal feed pH (Fig. 5). There-
fore, the initial feed pH of 7.5 is the optimum for
maximum yield of methane gas and the removal of
COD and BOD from black liquor in a three-phase
fluidized-bed bioreactor and it is taken for further
optimization of biomethanation parameter studies.

Variations in the pH of the feed result in changes
in the activity of the mixed bacteria and hence the
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bacterial growth as well as in the methane gas
generation. Methagenic bacteria are very active over
a certain pH range. When pH differs from the opti-
mal value, the maintenance energy requirements
increase [36—37] that leads to decrease in bacterial
population and biogas yields.

Effect of feed temperature

The effect of feed temperature on the anaerobic
biomethanation of black liquor in three-phase
fluidized-bed bioreactor is shown in Figures.6 and 7
respectively. The feed temperature is in the meso-
philic range. With increase in feed temperature, the
yields and concentrations of methane gas increase
up to temperature of 40°C and then both decrease. It
is noticed that maximal biogas yield from black
liquor in fluidized-bed bioreactor is 0.686 m’/kg
COD'm*h™" at optimal feed temperature of 40°C
(Fig. 6). The maximum concentration of methane
gas is 56.37% (v/v) at optimal feed temperature of
40°C (Fig. 7). The maximal methane gas yield in
fluidized-bed bioreactor is 0.386 m’’/kg COD
m *h™' at optimal temperature of 40°C (Fig. 6). It is
also observed that maximal COD removal from the
wastewaters is 67.82% (w/w) at optimal feed tempe-
rature of 40°C (Fig. 7). Maximal BOD removal from
the waste waters is 70.91% (w/w) at optimal feed
temperature of 40°C at optimal biomethanation pro-
cess parameters (Fig. 7). With increase in feed tem-
perature beyond 40°C, the biogas and methane gas
yields and the removal of COD and BOD from
wastewaters decline as well (Figs.6 and 7). There-
fore, feed temperature of 40°C is the optimum for
maximum yield of methane gas and removal of
COD and BOD from black liquor in a three-phase
fluidized-bed bioreactor and it is taken for further
optimization of biomethanation process parameter
studies.
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Fig. 6. Effect of feed temperature.

Every type of bacteria has an optimal, minimal
and maximal growth temperature. Temperatures
below the optimum for growth depress the rate of
metabolism of bacterial cells. Above the optimal

temperature, the growth rate decreases and thermal
death may occur. At high temperature, death rate
exceeds the growth rate [36—37], which causes a net
decrease in the populations of viable bacterial cells
with lowering of methane gas generation as well as
COD and BOD removal.
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Fig. 7. Effect of feed temperature.

Effect of feed flow rate

The effect of feed flow rate (organic loading rate)
on the anaerobic biomethanation of black liquor in
three-phase fluidized-bed bioreactor is shown in
Figures 8 and 9, respectively. The organic loading
rates (OLR) are calculated on the basis of COD inlet
in the bioreactor with different feed flow rates. With
increase in feed flow rate, the yields and concen-
trations of methane gas increase up to 16 I/min and
then both decrease. It is noticed that maximal biogas
yield from wastewaters in anaerobic fluidized-bed
bioreactor is 0.748 m’/kg COD-m >h™' at optimal
feed flow rate of 16 1/min (Fig. 8).
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Fig. 8. Effect of feed flow rate.

The maximal concentration of methane gas is
64.82% (v/v) at optimal flow rate of 16 I/min
respectively (Fig. 9). The maximal methane gas
yield in anaerobic fluidized-bed bioreactor is 0.508
m’/kg COD'm >-h" at optimal feed flow rate of 16
I/min (Fig. 8). With increase in feed flow rate as
well as OLR beyond 16 1/min (the corresponding
OLR is 45.158 g COD-m *h™"), the yield and con-
centration of methane gas decline (Fig. 9). It is also
observed that the maximal COD removal from the
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wastewaters is 79.65% (w/w) at optimal feed flow
rate of 16 I/min (Fig. 9). It is noticed that maximal
BOD removal from the wastewaters is 81.54%
(w/w) at optimal feed flow rate of 16 1/min (Fig. 9).
With increase in feed flow rate beyond 16 I/min, the
methane gas yield and concentration and the
removal of COD and BOD from wastewaters
decrease as well (Figs. 8 and 9). Feed flow rate of
16 1/min is the optimum for maximal yield of
methane gas and maximal bioremoval of COD and
BOD from black liquor in the process of biome-
thanation in a three-phase fluidized-bed bioreactor.
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Fig. 9. Effect of feed flow rate.

In the three-phase fluidized-bed bioreactor, there
exists a pressure drop between inlet and outlet of the
feed. Increase in mechanical forces (increase in flow
rates) can disturb the elaborate shape of enzyme
molecule of the bacteria to such a degree that dena-
turation of the protein occurs and it deactivates the
bacterial growth [36—37]. Therefore, the maximal
yields of methane gas and removal of pollution load
decrease with increase in feed flow rate beyond 16
I/min as well. The characteristic mechanical fragi-
lity of bacteria may impose limit on the fluid forces,
which can be tolerated in fluidized-bed reactor. Since
the surface tension of the interface between methane
gas and water is high, it causes denaturation of
proteins adsorbed at the methane-water interface
[36—37]. In addition extensional flow, cavities, metal
contamination and surface denaturation at cavities
may influence bacterial growth [36—37] causing a
decrease in population of viable bacterial cells as
well as in methane yield and pollution load,
respectively’

CONCLUSION

Generation of methane (CH4) gas from black
liquor in fluidized-bed bioreactor using activated
sewage sludge mixed bacteria is an effective bio-
methanation process. The optimal HRT is 8 h and
optimal initial pH of feed is found to be 7.5 res-
pectively. The optimal flow rate of feed in fluidized-
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bed bioreactor is 16 I/min with organic loading rate
(OLR) of 45.158 kg COD-m “h™' respectively.
Optimal temperature of feed is 40°C. The maximal
biogas yield rate is 0.748 m’/kg COD- m>-h™' with
CH, yield rate of 0.530 m’kg COD'm>-h™" res-
pectively at optimal biomethanation parameters. The
maximal concentration of methane (CH4) gas is
found as 64.82% (v/v) at optimal biomethanation
parameters in the fluidized-bed bioreactor. The
maximal COD and BOD removals from black liquor
are 79.65% (w/w) and 81.54% (w/w) at optimal
anaerobic bio-methanation parameters respectively.
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BUOMETAHU3ALMSA HA YEPHA JIYTA B BUOPEAKTOP C ®JIVUU3UPAH CJIOM

Ck. M. Xocauu"*, M. Jlac’

1
Llenmuvp 3a cvepemennu uzcneosanus, FOnyc Hnoicenepen u mexnonosuuen koaeoic, Badaxesuna,
691010 Konam, Hnous
2
Jlenapmamenm no unsxcenepua xumus, Yuueepcumem na Kanxyma, 92 A. I1. C. woce, 700009 Koaxama, Unous

INoctenmna Ha 14 HoemBpu 2007 r.; Ilpepaborena Ha 17 anpm 2009 r.

(Pestome)

W3BbpIIIeHH ca OIHUTH 110 ONTUMH3HPAHETO Ha MapaMeTPUTE 32 MaKCUMAITHO NPOIyLpaHe Ha METaH ¥ HaMaJlsiBaHe
Ha xumuueckus norpedeH kucnopon (XIIK) m Ha Ouonormyeckn norpebuust kucinopon (BIIKs) Ha yepna siyra npu
O6romMeranuzanunTa B TpudaseH 6uopeaxTop ¢ Guynausupan cioi. Onrumannoro spemenpedusasane (HRT) e 8§ gaca,
a ontumanHaTa croifHoct Ha pH — 7.5. Onrumannara temnepaTypa Ha 3axpasBaiys noTok € 40°C, a onTUManHusg My
nebut — 16 L/min npu HatoBapsane ¢ opranmusa marepus (OLR) cwotBetHO oT 45.158 kg XITK-m >h™'.
MaxkcuManHOTO ChObpKaHHE Ha MeTaH B Omorasa ¢ 64.82 00.% . MakcumanHuaT nebut Ha gobmuBaHus O6moras e 0.723
m’/kg XIIK'm>h™' ¢ no6us Ha meran or 0.530 m’’kg COD'm **h™' npu onTMMaTHHTE ONpeaeNeHH MapaMeTpH.
Maxkcumanaoto normkerne Ha XIIK u BIIKs Ha m3non3Banara depHa yiyra ca cboTBeTHO 79.65% (Teri.) m 81.54%
(TeruL.) mpH MaKCHMAITHO HATOBApBaHe ¢ opraHmana Matepust ot 11.686 kg COD'm >h™".
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The reaction of isatin with o-phenylenediamine afforded 6H-indolo[2,3-b]quinoxaline. While the reaction of isatin
with semicarbazide hydrochloride afforded 2-(2-oxoindolin-3-ylidene)hydrazine carboxamide, which cyclizes to 2H-
[1,2,4]triazino[5,6-b]indol-3(5H)-one. The 1,2,4-triazino[5,6-b]indolo derivatives were synthesized starting from the
latter compound. 6H-Indolo[2,3-b]quinoxaline reacted with chloroacetone to afford 1-(6H-indolo[2,3-b]quinoxalin-6-
yl)propan-2-one, which coupled readily with benzenediazonium chloride to yield the aryl hydrazone derivative from
which, the indolo[2,3-b]quinoxalinyl thieno[3,4-d]pyridazine and the indolo[2,3-b]quinoxalinyl pyridazine derivatives
could be prepared. The indolo[2,3-b]quinoxalinyl pyridine derivative was prepared from the enaminone 4-(N,N-
dimethylamino)-3-(6H-indolo[2,3-b]quinoxalin-6-yl)-2-butanone. Chemical and spectroscopic evidences for the new

compounds are described.

Key words: enaminone, isatin, indolo[2,3-b]quinoxaline, o-phenylenediamine, triazino[5,6-b]indole.

INTRODUCTION

Polynuclear condensed heterocyclic compounds
or polynuclear compounds having another noncon-
densed heterocycle in their molecules are noted for
the significant biological activity. Their cancero-
static and virostatic effects are based especially on
intercalation into the double helix of DNA or inhi-
bition of topoisomerase [1, 2]. Therefore, indole and
quinoxaline derivatives display diverse pharmaco-
logical activities [3—5]. Quinoxaline derivatives
have been synthesized by many research groups [4,
6—8]. In continuation of our work [9—11] the present
study focuses on the synthesis of new indoloquin-
oxaline (1) and indolotriazine (3) derivatives. The
results of the investigation on the reactivity of 1 and
3 towards nitrogen and carbon electrophiles are
reported.

RESULTS AND DISCUSSION

The reaction of isatin with o-phenylenediamine
in a solution of sodium bicarbonate afforded in good
yield the indoloquinoxaline 1 (Scheme 1). The
structure of the isolated product was confirmed on
the basis of elemental analysis and spectral data.

However treatment of isatin with semicarbazide
hydrochloride yielded the hydrazonocarboxamide
derivative 2, which cyclized to the triazino[5,6-
blindole 3 by boiling in acetic acid (Scheme 1).

The condensation of compound 3 with malono-
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nitrile in dimethylformamide (DMF) solution con-
taining triethylamine yielded the triazinoindolyl
malononitrile derivative 4. The latter reacted with
urea and/or thiourea in sodium ethoxide to afford
the triazinoindolyl pyrimidine derivatives 5a, b
(Scheme 1).

Compound 6 could be easily prepared via
reacting 1 with chloroacetone in refluxing toluene
and in the presence of equivalent amount of tri-
ethylamine. The '"H NMR spectrum of compound 6
displayed two singlets, one at 6 = 2.15 ppm for the
CHj; protons of the acetyl group, and the second at
0 =4.70 ppm assigned for the methylene protons.

Coupling 6 with benzenediazonium chloride in
ethanolic sodium acetate solution produces the cor-
responding aryl hydrazone 7 in good yield. Conden-
sation of 7 with phenylhydrazine afforded diphenyl-
hydrazone derivative 8 that has already been
obtained by an alternative method, via coupling the
phenylhydrazone derivative 10 with benzenediazo-
nium chloride. Compound 10 could be prepared via
condensing 6 with phenylhydrazine in refluxing
acetic acid. Reaction of compound 6 with benzyli-
denemalononitrile yielded the addition product 9
(Scheme 1). Compound 7 condensed readily with
malononitrile to yield the indolo[2,3-b]quinoxalinyl
pyridazine derivative 13 (Scheme 2). Compound 13
reacted with sulphur in refluxing DMF in the pre-
sence of piperidine to yield the indolo[2,3-b]quin-
oxalinyl thieno pyridazine derivative 14. Compound
7 also condensed with dimethylformamide dime-
thylacetal (DMFDMA) in refluxing toluene to
afford the indolo[2,3-b]quinoxalinyl pyridazine

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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derivative 16 (Scheme 2).
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Scheme 1.

Treatment of 16 with malononitrile afforded the
ylidenomalononitrile derivative 17. Further on, the
pyrimidine derivatives 18a, b were obtained by
refluxing 17 in sodium ethoxide with urea or
thiourea respectively (Scheme 2).

Treatment of 6 with DMFDMA in dry xylene at
reflux temperature afforded the enaminone 19 in a
good yield (Scheme 3). The structure of the isolated
product revealed a singlet at & = 2.30 ppm indicating
the presence of six protons of N(CHj),.

The reaction of 19 with malononitrile in
refluxing ethanol and in the presence of piperidine
yielded a product that could be formulated as 23.
The formation of the latter is assumed to proceed
via initial addition of the active methylene reagent
across the double bond in 19 producing the inter-
mediate Michael’s adduct 20 that then cyclizes into
21, which undergoes Dimroth’s type of rearrange-
ment and aromatizes via loss of a water molecule

and dimethylamine to yield the final isolated
product 23 (Scheme 3). The '"H NMR spectrum of
compound 23 showed a resonance at oy = 1.99 ppm
corresponding to methyl protons and a signal at oy =
8.433 ppm assigned to pyridinyl 4-H. Alternatively,
initial condensation of 19 with malononitrile could
yield the initial condensation product 24 that is
further hydrolysed into 25 and subsequently cyclizes
to 26. The product failed to react with sulphur to
yield a condensed thiophene, as it is characteristic of
azines with vicinal methyl and carbonitrile sub-
stituents [12], so structure 26 was ruled out and the
product was assigned to be 23. Compound 23 reacts
with hydrazine hydrate in refluxing ethanolic
solution to give the pyrazolo pyridyl indolo quin-
oxaline derivative 27 (Scheme 3).

EXPERIMENTAL

All melting points are uncorrected. The IR
spectra (KBr) were recorded on a Pye Unicam SP-
100 spectrophotometer. '"H NMR spectra (DMSO-
ds, as a solvent) were obtained on a Varian Gemini
200 MHz spectrometer, using TMS as internal
standard. Chemical shifts in 6 (ppm) values; Mass
spectra: AEI MS 30 mass spectrometer operating at
70 eV; microanalytical data were obtained from
Microanalytical Data Unit at Cairo University.

6H-Indolo[2,3-b]quinoxaline (1). Isatin (1.71 g,
11.6 mmol) was dissolved in refluxing aqueous
sodium bicarbonate solution (2.38 g, 28.3 mmol in
160 ml water). o-Phenylenediamine (1.44 g, 13.29
mmol) was added and the mixture was refluxed for
20 min. After cooling down to the room temperature
the solution was acidified with acetic acid and left to
stay overnight. The precipitate was filtered, washed
with water and dried in air.

Yield 90%; yellow crystals from ethanol; m.p.
283°C; IR (KBr) v (cm'): 1615 (C=N), 3448 (NH),
3065 (CH aromatic); '"H NMR (DMSO-dg) &: 11.98
(s, 1H, NH), 7.31-8.33 (m, 8H, 2C¢H,); MS: m/z =
219 [M]; Anal. Caled. for C;4HoN3: C, 76.69; H,
4.14; N, 19.16%. Found: C, 76.81; H, 4.03; N,
19.28%.

2-(2-Oxoindolin-3-ylidene) hydrazinecarboxami-
de (2). Isatin (0.74 g, 5 mmol) was dissolved in a
refluxing solution of sodium bicarbonate (1.03 g,
12.3 mmol) in water (150 ml). Semicarbazide
hydrochloride (0.70 g, 6.3 mmol) was added to this
solution and the mixture was left to stay at room
temperature for two days. The mixture was filtered
and the filtrate was acidified with acetic acid. After
two days, the precipitated solid was filtered, washed
with water and dried.
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Yield 95%; yellow crystals from water; m.p.
262°C; IRS (KBr) v (cm'): 1700, 1690 (C=0),
1612 (C=N), 3310, 3330, 3468 (NH, NH,); '"H NMR
(DMSO-dg) 8: 9.5 (br, 2H, NH,), 10.58, 12.0 (2br s,
2H, 2NH), 6.91-7.59 (m, 4H, C¢H,); MS: m/z = 204
[M']; Anal. Caled. for CoHgN,O,: C, 52.94; H, 3.95;
N, 27.44%. Found: C, 52.89, H, 3.99; N, 27.51%.

2H-[1,2,4] Triazino[5,6-b]indol-3(5H)-one  (3).
Compound 2 (1.22 g, 6 mmol) was refluxed in
acetic acid (100 ml) for 2 h. After cooling, the solid
was filtered, washed with water and dried.

Yield 93%; yellow crystals from acetic acid;
m.p. 280°C; IRS (KBr) v (cm™"): 3336 (NH), 1698
(C=0), 1634 (C=N); 'H NMR (DMSO-ds) 8&:
7.37-8.01 (m, 4H, C¢Hy), 11.79, 13.47 (2br s, 2H,
2NH); MS: m/z = 186 [M']; Anal. Calcd. for
CoHgN4O: C, 58.06; H, 3.25; N, 30.09%. Found: C,
58.11; H, 3.28; N, 30.28%.

General procedure for the synthesis of compounds
4) and (17)

To each solution of 3 (1.9 g, 10 mmol) or 16 (3.9
g, 10 mmol) in DMF (40 ml), containing triethyl-
amine (1 ml), malononitrile (0.66 g, 1 mmol) was
added. The reaction mixture was heated under reflux
for 3 h. The solid product formed upon dilution with
water, containing a few drops of HCI, was collected
by filtration.

2-(2H-[1,2,4] Triazino[5,6-b]indol-3(5H)-ylidene)
malononitrile (4). Yield 90%; yellow crystals from
dioxane; m.p. 292°C; IRS (KBr) v (cm): 3330
(NH), 2220, 2225 (2CN), 1630 (C=C), 1650 (C=N),
'"H NMR (DMSO-dg) &: 7.21-7.55 (m, 4H, C¢H,),
12.3, 13.0 (2br s, 2H, 2NH); MS: m/z = 234 [M'];
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Anal. Calcd. for C;H¢Ng: C, 61.54; H, 2.58; N,
35.88%. Found: C, 61.46; H, 2.49; N, 35.98%.

1-Phenyl-3-(6H-indolo[2,3-b]quinoxalin-6-yl)-4-
(vlidene-2-malononitrile)pyridazine (17). Yield 78%
pale yellow crystals from dioxane; m.p. 320°C; IRS
(KBr) v (em™'): 2220, 2225 (2CN), 1620 (C=N),
1600 (C=C); '"H NMR (DMSO-dy) &: 7.91, 6.80 (2d,
2H, pyridazinyl 6-H, 5-H), 7.30-7.88 (m, 13H,
2C¢H,, CeHs); MS: m/z = 437 [M']; Anal. Calcd. for
CyHsN7: C, 74.13; H, 3.46; N, 22.41%. Found: C,
73.18; H, 3.44; N, 22.58%.

General procedure for the synthesis of compounds
(5a, b) and (18a, b)

Urea (0.6 g, 10 mmol) or thiourea (0.8 g, 10
mmol) was added to each solution of 4 (2.3 g, 10
mmol) or 17 (4.4 g, 10 mmol) in sodium ethoxide
(10 mmol) [prepared by adding sodium metal (0.23
g, 10 mmol) to absolute ethanol (40 ml)] and the
mixture was heated under reflux on a steam bath for
4—6 h. The solid product formed upon pouring onto
ice water containing a few drops of HCI (until pH 6)
was collected by filtration.

5-(2H-[1,2,4] Triazino[5,6-b]indolo-3(5H)-ylide-
ne)-4,6-diaminopyrimidine-2-one (5a). Yield 85%;
orange crystals from dioxane; m.p. > 360°C; IRS
(KBr) v (cm™"): 3430, 3330, 3310 (NH, NH,), 1650
(C=N), 1630 (C=C), 1690 (CO); 'H NMR (DMSO-
de) &: 7.24-7.50 (m, 4H, Ce¢Hy), 12.3, 13.0 (2br s,
2H, 2NH), 2.5, 3.4 (2s, 4H, 2NH,), MS: m/z = 294
[M']; Anal. Caled. for C;3sH;(NsO: C, 53.06; H,
3.42; N, 38.0%. Found: C, 53.10; H, 3.40; N,
38.25%.
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5-(2H-[1,2,4] Triazino[5,6-b]indolo-3(5H)-ylide-
ne)-4,6-diaminopyrimidine-2-thione ~ (5b).  Yield
85%; yellow solid from DMF; m.p. > 360°C; IRS
(KBr) v (cm'): 1200 (C=S), 3440, 3330, 3310 (NH,
NH,), 1650 (C=N), 1630 (C=C); '"H NMR (DMSO-
de) 8: 7.23-7.45 (m, 4H, C¢Hy), 12.3, 13.0 (2br s,
2H, 2NH), 2.45, 3.38 (2s, 4H, 2NH,); MS: m/z =
310 [M']; Anal. Calcd. for C3H;oNgS: C, 50.31; H,
3.25; N, 36.11; S, 10.33%. Found: C, 50.33; H,
3.30; N, 36.28; S, 10.38%.

5-[3-(6H-Indolo[2,3-b] quinoxalin-6-yl)-4-ylide-
ne-1-phenylpyridazine]-4,6-diaminopyrimidine-2-
one (18a). Yield 68%; yellow crystals from
ethanol/dioxane; m.p. > 360°C; IRS (KBr) v (cm'):
1690 (CO), 3430, 3310 (NH,), 1650 (C=N), 1635
(C=C); 'H NMR (DMSO-de) &: 7.91, 6.8 (2d, 2H,
pyridazinyl 6-H, 5-H), 2.45, 3.38 (2s, 4H, 2NH,),
7.31-7.89 (m, 13H, C¢Hs, 2C¢Hy); MS: m/z = 497
[M']; Anal. Calecd. for CosHoNoO: C, 67.59; H,
3.85; N, 25.34%. Found: C, 67.68; H, 3.84; N,
25.38%.

5-[3-(6H-Indolo[2,3-b]quinoxalin-6-yl)-4-ylide-
ne-1-phenylpyridazine]-4,6-diaminopyrimidine-2-
thione (18b). Yield 65%; pale yellow solid from
ethanol/dioxane; m.p. > 360°C; IRS (KBr) v (cm™):
1200 (C=S), 3430, 3310 (NH,), 1650 (C=N), 1635
(C=C); 'H NMR (DMSO-de) &: 7.92, 6.8 (2d, 2H,
pyridazinyl 6-H, 5-H), 2.40, 3.39 (2s, 4H, 2NH,),
7.32-7.86 (m, 13H, C¢Hs, 2C¢Hy); MS: m/z = 513
[M']; Anal. Calcd. for CosH9NoS: C, 65.48; H, 3.73;
N, 24.55; S, 6.24%. Found: C, 65.51; H, 3.75; N,
24.61; S, 6.28%.

1-(6H-Indolo[2,3-b}quinoxalin-6-yl[propan-2-one
(6). A solution of 1 (2.2 g, 10 mmol) in dry toluene

(30 ml) was treated with chloroacetone (0.93 g, 10
mmol) in the presence of triethylamine (1 ml). The
reaction mixture was refluxed for 7 h. The solvent
was evaporated under vacuum and the solid product,
so formed, was collected by filtration.

Yield 85%; pale yellow crystals from benzene;
m.p. 295°C; IRS (KBr) v (cm™'): 2960, 2840 (CHs,
CH,), 1680 (CO); 'H NMR (DMSO-dg) &: 2.15 (s,
3H, CHj), 4.70 (s, 2H, CH,), 7.4-8.35 (m, 8H,
2C¢H,); MS: m/z = 275 [M']; Anal. Caled. for
Ci7H;3N;0: C, 74.17; H, 4.76; N, 15.26%. Found:
C,74.20; H,4.77; N, 15.47%.

1-(6H-Indolo[2,3-b] quinoxalin-6-yl)-1-(2-phenyl-
hydrazono)propan-2-one (7). A cold solution of
benzenediazonium chloride (10 mmol) [prepared by
the addition of sodium nitrite (0.7 g in 5 ml water)
to a cold solution (0.5°C) of aniline (0.93 g, 10
mmol) containing the appropriate amount of hydro-
chloric acid], was added to a solution of 6 (2.75 g,
10 mmol) in ethanol (50 ml) containing sodium
acetate (3 g). The reaction mixture was stirred at
room temperature for 2 h, and left to stay overnight
in the refrigerator. The solid product, so formed,
was collected by filtration.

Yield 83%; orange crystals from ethanol; m.p.
330°C; IRS (KBr) v (cm™): 3215 (NH), 1680 (CO);
'H NMR (DMSO-d¢) &: 2.19 (s, 3H, COCHj;),
7.3=7.80 (m, 13 H, C¢Hs, 2 C¢Hy), 9.80 (s 1H, NH);
MS: m/z = 379 [M']; Anal. Calcd. for C,3H;7N;50:
C, 72.81; H, 4.52; N, 18.46%. Found: C, 72.80; H,
4.55; N, 18.77%.

6-[1,2-Bis(2-phenylhydazono)propyl]-6H-indolo-
[2,3-b]quinoxaline (8). Method (A). A mixture of
compound 7 (0.38 g, 1 mmol) and phenylhydrazine
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(0.11 g, 1 mmol) and acetic acid (1 ml) was heated
at 120°C for 10 min. The reaction mixture was
triturated with ethanol, the solid product, so formed,
was collected by filtration.

Method (B). The same experimental procedure as
it is described for the synthesis of compound 7 was
adopted using 10 instead of compound 6.

Yield 78%; dark red crystals from ethanol; m.p.
320°C; IRS (KBr) v (cm'): 3430 (NH), 2980, 2850
(CH;); 'H NMR (DMSO-de) &: 2.65 (s, 3H, CH3),
7.2-8.25 (m, 18H, 2C¢Hs, 2C¢Hy), 8.12, 8.15 (2br s,
2H, 2NH); MS: m/z = 469 [M']; Anal. Calcd. for
CyoHy3N7: C, 74.18; H, 4.94; N, 20.88%. Found: C,
74.30; H, 4.92; N, 21.22%.

3-Amino-5-hydroxy-6-(6H-indolo[2,3-b] quinoxa-
lin-6-yl)biphenyl-2-carbonitrile (9). Benzylidene
malononitrile (1.5 g, 10 mmol) was added to a
solution of 6 (2.8 g, 10 mmol) in dioxane (30 ml) in
the presence of few drops of piperidine. The reac-
tion mixture was heated under reflux for 6 h. The
amount of solvent was reduced under vacuum, the
mixture was diluted with water and acidified with
dilute hydrochloric acid. The solid product obtained
was collected by filtration.

Yield 70%; brown solid from ethanol; m.p.
325°C; IRS (KBr) v (cm'): 3400 (OH), 3420, 3330
(NH,), 2210 (CN); 'H NMR (DMSO-dg) &: 8.72 (br
s, 2H, NH,), 9.68 (s, 1H, OH), 7.3-8.10 (m, 14H,
2C¢H4, CeHs, C¢H); MS: m/z = 427 [M']; Anal
Calcd. for CyH7NsO: C, 75.86; H, 4.01; N,
16.38%. Found: C, 75.84; H, 4.10; N, 16.59%.

1-(6H-Indolo[2,3-b] quinoxalin-6-yl)-2-phenyl-
hydrazonopropane (10). The same experimental
procedure as it was described for the synthesis of 8
(Method A) was adopted using compound 6 instead
of 7.

Yield 92%; orange crystals from ethyl alcohol;
m.p. 315°C; IRS (KBr) v (cm™'): 3240 (NH); 'H
NMR (DMSO-d¢) 6: 2.62 (s, 3H, CH3), 4.45 (s, 2H,
CH,), 7.33-8.10 (m, 13H, C¢Hs, 2C¢H,), 8.20 (br s,
1H, NH); MS: m/z = 365 [M']; Anal. Calcd. for
CxHoNs: C, 75.59; H, 5.24; N, 19.16%. Found: C,
75.56; H, 5.25; N, 19.68%.

5-Cyano-3-(6H-indolo[2,3-b]quinoxalin-6-yl)-4-
methyl-6-oxo-1-phenylpyridazine (13). Malononi-
trile (0.66 g, 10 mmol) was added to compound 7
(3.79 g, 10 mmol) in the presence of acetic acid (1
ml) and anhydrous ammonium acetate (1 g). The
reaction mixture was heated at 120°C for 15 min,
then triturated with ethanol. The solid product, so
formed, was collected by filtration.

Yield 85%; dark yellow solid from ethanol; m.p.
345°C; IRS (KBr) v (cm'): 2230 (CN), 1680 (CO);
'"H NMR (DMSO-dg) &: 2.5 (s, 3H, CHs), 7.5-8.4
(m, 13 H, C¢Hs, 2C¢H,); MS: m/z = 428 [M']; Anal.
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Calcd. for CyHiNgO: C, 72.89; H, 3.76; N,
19.61%. Found: C, 72.92; H, 3.80; N, 19.95%.

4-Amino-7-(6H-indolo[2,3-b]quinoxalin-6-yl)-3-
oxo-2-phenylthieno[3,4-d]pyridazine (14). Elemen-
tal sulphur (0.32 g, 10 mmol) was added to a solu-
tion of compound 13 (4.28 g, 10 mmol) in DMF (30
ml) in the presence of piperidine (0.5 ml). The
reaction mixture was heated for 6 h. The solvent
was reduced to half of its volume, poured onto water
and neutralized with HCI, the solid product, so
formed, was collected by filtration.

Yield 73%; yellow crystals from ethanol; m.p. >
360°C; IRS (KBr) v (cm™): 3420, 3310 (NH,), 1685
(CO); 'H NMR (DMSO-dg) &: 5.75 (s, 1H, thienyl
5-H), 7.03-8.20 (m, 15 H, 2C¢H4, C¢Hs, NH,); MS:
m/z = 460 [M']; Anal. Calcd. for CosH;¢N¢SO: C,
67.81; H, 3.50; N, 18.25; S, 6.96%. Found: C,
67.67; H, 3.55; N, 18.58; S, 7.15%.

3-(6H-Indolo[2,3-b] quinoxalin-6-yl)-4-oxo-1-
phenylpyridazine (16). A mixture of compound 7
(4.5 g, 12 mmol) and DMFDMA (1.19 g, 10 mmol)
in toluene (30 ml) was heated for 18 h. The solvent
was evaporated under vacuum and the solid product,
so formed, was collected by filtration.

Yield 80%; pale yellow crystals from ethanol,
m.p. 340°C; IRS (KBr) v (cm™"): 1700 (CO); 'H
NMR (DMSO-d¢) 6: 7.10-8.30 (m, 13H, 2C¢H,,
Ce¢Hs), 6.98, 9.09 (2d, 2H, pyridazine 5-H, 6-H);
MS: m/z = 389 [M']; Anal. Calcd. for C,4H;sN;sO:
C, 74.02; H, 3.88; N, 17.98%. Found: C, 74.13; H,
3.86; N, 18.30%.

4-(N,N-Dimethylamino)-3-(6H-indolo[2,3-b] quin-
oxalin-6-yl)-2-butanone (19). A mixture of 6 (2.8 g,
10 mmol) and DMFDMA (1.4 g, 12 mmol) in
xylene (30 ml) was refluxed for 14 h. The reaction
mixture was evaporated in vacuum to afford the
enaminone 19.

Yield 92%; yellow crystals from dioxane; m.p.
300°C; IRS (KBr) v (cm™'): 1690 (CO), 1600 (C=C,
olefinic); '"H NMR (DMSO — dg) 8: 6.0 (s, 1H, CH),
2.30 (s, 6H, NMe,), 2.15 (s, 3H, CHj3), 7.31-8.0 (m,
8H, 2C¢H,); MS: m/z = 330 [M']; Anal. Calcd. for
CyH1gN4O: C, 72.71; H, 5.49; N, 16.96%. Found:
C, 72.75; H, 5.52; N, 17.41%.

3-Cyano-5-(6H-indolo[2,3-b] quinoxalin-6-yl)-6-
methyl-2-oxo-1H-pyridine (23). A mixture of com-
pound 19 (3.3 g, 10 mmol) and malononitrile (0.66
g, 10 mmol) in absolute ethanol (50 ml) and a few
drops of piperidine was stirred for 1 h. The solvent
was evaporated under reduced pressure. The solid
product, so formed, was collected by filtration.

Yield 90%; dark yellow solid from dimethyl
formamide/ethanol; m.p. 317°C; IRS (KBr) v
(ecm™): 3400 (NH), 2220 (CN), 1660 (CO); 'H
NMR (DMSO-dg) 6: 1.99 (s, 3H, CH3), 8.43 (s, 1H,
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HOBU ITPOLIEAYPU 3A CUHTE3 HA TPUA3MHO[S,6-b]JMHAOJI 1
NHJ0JIO[2,3-b]XMHOKCAJIMHOBU ITPOU3BOAHU

H. U. A6nen-Caiien

Xumuuecku oenapmamenm, Jeguuecku (axyimem no uskycmeda, Hayku u 00pazoearue,
Yuusepcumem Aun Llamc, Xeruononuc, IIK 11757, Kaitipo, A. P. Ecunem

Ioctpnuna Ha 14 HoemBpu 2008 r.; Ilpepabotena Ha 14 anpun 2009 r.
(Pesrome)

IIpu peakmusta Ha W3aTHH C o-(peHWICHANAMHUH € moxydeH 6H-mamono[2,3-b]xuHokcanun. [Ipu peakmusara Ha
M3aTHH CBhC CEeMHUKapOa3uI XHUAPOXJIOPUI € TOIy4eH 2-(2-OKCOMHIONHH-3-WIWACH)XUAPA3uH KapOoKcaMull, KOHUTO
mukmusupa 1o 2H-[1,2,4]tpuazuno[5,6-bluanon-3(5H)-on. OT MOCIETHOTO ChEAWHEHHWE ca cuHTesupanu 1,2,4-
TpuasuHo[5,6-b]uHnono npousBoguu. 6H-WHmono[2,3-b]XuHOKcannH [pH peakius ¢ XJIopoauneToH gaBa 1-(6H-
uHI010[2,3-b]XHHOKCATHH-6-1IT)IPONaH-2-0H, KOMTO JIECHO CE CABOSABA C OCH3ECHAMA30HHEB XJOPHI [0 apui-
XHJIPa30HOBO TPOU3BOAHO, OT KOETO C€ TMojay4yaBaT WH0J0[2,3-b]xuHoKcanmuHmiTieHo[3,4-d|nupugasus  u
UHJ10J10[2,3-b X MHOKCATMHWIITMPUIa3UHOBY TIPOM3BOAHU. [Ipon3BogHM Ha MHZIOO0[2,3-b]XWHOKCATMHWIUPUINH Ca
cuaresupann 0T  4-(N,N-mumerunamuHo)-3-(6 H-unnono[2,3-b]xuHokcanun-6-mn)-2-0yranon. IlpeacraBenn ca
XMMHUYHH U CIIEKTPAJIHU JI0Ka3aTeNICTBA 32 HOBUTE CHhEANHEHUSI.
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Various organic compounds used as diluents, modifiers and extractants in lactic acid extraction have been tested to
determine their toxicity towards Lactobacillus casei cells. The toxicity on molecular and phase level has been
investigated. In general, the tested hydrocarbons were non-toxic on molecular level and showed variable toxicity on
phase level. Among the tested alcohols octanol and oleyl alcohol were non-toxic, whereas decanol and dodecanol were
toxic on the molecular level. All the alcohols showed high phase toxicity. The tested extractants were very toxic both on
molecular (except for tridodecylamine) and on phase level. Two extraction systems composed of trioctylamine/oleyl
alcohol and tridodecylamine/oleyl alcohol have also been studied. Both systems were non-toxic on molecular level and
showed medium toxicity on phase level. They can be used successfully for in situ extractive fermentation of lactic acid.

Key words: solvent toxicity, in-situ extraction, lactic acid, Lactobacillus casei.

INTRODUCTION

The product separation or in situ product
removal is the limiting stage in the manufacturing of
various organic compounds, produced via microbial
transformations, because of low concentration and
water solubility of the product. The product
recovery step is very expensive and energy con-
suming. The fermentative lactic acid production is a
typical example of an end-product inhibited process.
Besides, the rate decreasing due to inhibition,
accumulation of the acid leads to decrease in pH
value of the system, often out of the optimum range
for fermentation. In case of such fermentations
processes where the continuous removal of the
product is obligatory, successful organization of the
process is very complicated. Different approaches,
such as solvent extraction [1, 2], electro-dialysis [3,
4], membrane separation [5, 6], ion-exchange [7, 8]
or aqueous two-phase systems [9] have been used
for overcoming the arising problems. Each one of
above mentioned methods possesses its own advant-
ages and draw-backs.

Solvent extraction, especially extraction with
long-chain tertiary aliphatic amines, has been
recognized as a promising alternative to conven-
tional calcium-salt precipitation method for separa-
tion and purification of the lactic acid. The major
problem in this case is the toxicity of the commonly
used organic solvents. The mechanism of toxicity
caused by the organic solvents is still not clear, but
it is generally accepted that the interaction of the

* To whom all correspondence should be sent:
E-mail: yanpe@bas.bg
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solvents with membrane lipids leads to disturbance
of essential membrane functions, inactivation or
denaturation of membrane-bound enzymes, break-
down of transport mechanisms and at high concen-
trations to solvolysis of the cells [10-12]. The
solvents interact with the cells by two routes: direct
contact of the cells with the water immiscible
organic phase and by solvent molecules dissolved in
fermentation broth. The former mechanism is named
“phase” toxicity and the latter — “molecular” toxicity.

Chen and Lee [5] have investigated the toxicity
of three diluents, three modifiers and 5 solvent
mixtures towards Lactobacillus delbrueckii strain.
They have concluded that kerosene and oleyl
alcohol are nontoxic and have chosen the system
composed of 20% Alamine 336, 40% kerosene and
40% oleyl alcohol for in sifu extraction of lactic
acid.

Seevaratnam et al. [13] have reported that
Aliquat 336, Amberlite LA-2, Adogen 464 and
trioctyl amine (TOA) are highly toxic towards
Lactobacillus delbrueckii cells even at 0.1% con-
centration. What is more, Aliquat 336 and Adogen
464 formed third phase during extraction, when
dissolved in paraffin oil in order to improve their
physical properties.

Tong et al. [14] have studied 10 extractants and
solvents in regard to their toxicity to Lactobacillus
rhamnosus cells and have used a mixture of
TOMAC (trioctylmethylammoniumchloride, 0.2
kmol/m®) in oleyl alcohol, in spite of the high
toxicity of TOMAC.

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Demirci et al. [15] have made a screening of 12
solvents and 8 carrier compounds in different com-
binations, with respect to their toxicity on Lacto-
bacillus casei strain. Hexadecane:tributyl phosphate,
n-dodecane:tri-n-octylamine, and kerosene:tri-n-oc-
tylphosphine oxide demonstrated the least microbial
toxicity among the tested blends with excess solvent
media. Whereas hexanes:Alamine 304 and xylenes:
Alamine 304 were non-toxic in solvent saturated
media.

Choudhury at al. [16] have also investigated the
toxicity of TOA in three different solvents (methyl-
isobutyl ketone (MIBK), octanol, paraffin) on Lacto-
bacillus delbrueckii strain. While TOA was found to
be highly toxic on the molecular and on the phase
level, the paraffin liquid was totally non-toxic.

The data presented in the literature varied and
they are often contradictory. It seems that the toxi-
city of organic solvents and extractants is closely
related to the type of used microorganism.

The aim of the present study was to investigate
the solvent toxicity towards Lactobacillus casei
strain of various organic solvents and extractants,
frequently used for extraction of lactic acid from
fermentation broth.

EXPERIMENTAL
Materials and Methods

Extractants. Tributylphosphate (TBP) — Merck;
Tridodecylamine (TdDA) — Fluka; Dioctylamine
(DOA) — Fluka; Tri-n-octylamine (TOA) — Acros
Organics; Alamine 336 (a mixture of tri-n-octyl-
amine and tri-n-decylamine) — Henkel and Aliquat
336 (tri(CgsCjo)methylammonium chloride) — Acros
Organics.

Modifiers. 1-Octanol — Fluka; 1-decanol — Merck;
I-dodecanol — Merck; oleyl alcohol — Acros
Organics.

Diluents. n-Octane — Fluka; n-Decane — Merck;
Dodecane — Prolabo; kerosene — technical grade,
distillation fraction from 175-190°C with p* ~
0.778 kg/dm’.

All chemicals, except for kerosene, were p.a.
purity grade. Kerosene was distillated from a
technical grade, taking the 198—212°C fraction.
Before further use, the organic chemicals were
washed threefold with distilled water under vigorous
mixing for 10 min in order to eliminate any water-
soluble impurities. At the same time, the organic
chemicals were saturated with water.

Microorganism. Lactobacillus  casei
(NBMCC-1013) was used in the present study.

strain

Media. The strain was maintained on a semi-
synthetic medium containing (g/1): yeast extract 10;
peptone 10; sodium acetate 5; MgSO4.7H,O 0.1;
MnS0,4.4H,0 0.05; agar 20; distilled water to 11.

The culture was inoculated into semi-synthetic
medium containing (g/1): yeast extract 5.5; peptone
12.5; KH,PO, 0.25; K,HPO, 0.25; sodium acetate
10.0; MgS0,4.7H,0 0.1; MnSO44H,0 0.05;
FeS0,4.7H,0 0.05; distilled water to 11. The pH value
was adjusted to 6.8. The culture media were steri-
lized at 121°C for 20 min. The bacterial cells were
transferred from agar slants into the medium and
were incubated for 24 h at 38°C in a rotatory shaker
New Brunswick Scientific Co., Ink., Edison, NY,
USA, (100—120 rpm). In a conventional fermenta-
tion process, 10 ml of the inoculum were added to
100 ml of the culture medium. The fermentation
was carried out in flasks without any pH correction
for 48 h.

Molecular level toxicity experiments. Ten milli-
litres of washed chemicals were mixed with 100 ml
of distilled water and were shaken for 15 min in a
shacking machine. After phase separation, the
solvent saturated water was used for culture medium
preparation. After fermentation without any pH
control, samples were taken at 24 h and 48 h
intervals and were analyzed for produced lactic acid
and bacterial growth. The results were compared
with those of control sample, where the medium
was prepared with distilled water.

Phase level toxicity experiments. For these
experiments water saturated organic solvents were
sterilized and 25 ml of each one of them were added
to 100 ml of culture media. The fermentation process
was carried out as it was described above and the
results were compared to the control sample.

Analysis

Counting of microbial cells. After appropriate
dilution of the sample the number of the cells in one
ml was counted with the help of a Biirker camera.

Lactic acid analyses. An HPLC system composed
of Perkin-Elmer Series 10 Pump, LC-25RI detector,
Shimadzu C-R6A Chromatopac integrator and
Aminex HPX-87H column was used. The mobile
phase was 0.01 N H,SO,4 at 0.6 ml/min flow rate.
Pure (98%) crystalline L-(+)-lactic acid (Sigma) was
used as the standard.

RESULTS AND DISCUSSION

In order to divide the used organic compounds
into groups according to their toxicity, the classi-
fication proposed by Martak et al. [17] was used:
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- Non-toxic solvents when practically no toxic
effect was observed and the production rate was at
most 25% lower than in the control cultivation
sample.

- Solvents with medium toxicity when the
production rate was higher than 25% of that in
control cultivation sample.

- Toxic solvents, when no biological activity was
observed in their presence or the production rate
was less than 25% of that in control cultivation
sample.

Molecular level toxicity

Diluents. All the investigated hydrocarbons are
non-toxic on molecular level. Both culture growth
and lactic acid production are at least 80% of the
control sample at 24 h and 48 h of fermentation. The
results are represented in Figure 1.
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Lactic acid - 24 h
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Lactic acid - 48 h
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Fig. 1. Influence of some diluents on the cell growth and
lactic acid production of Lactobacillus casei - molecular
level.
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Fig. 2. Influence of some modifiers on the cell growth
and lactic acid production of Lactobacillus casei -
molecular level.

Dodecane and kerosene had the same behavior at
two points of comparison, whereas the production of
lactic acid in case of octane increased at 48 h and
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decreased in the presence of decane.

Modifiers. The toxicity of the investigated
alcohols differs considerably. The octanol and oleyl
alcohol are non-toxic and their results are close to
the control sample ones. The bacterial growth (11%
and 10% at 24 h; 24% and 23% at 48 h) and the
lactic acid production (32% and 23% at 24 h and
23% and 7% at 48 h) for decanol and dodecanol
were very low. The results obtained are shown in
Figure 2.

Extractants. Among all extractants used, only
tridodecylamine is not-toxic on molecular level

(Fig. 3).
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Fig. 3. Influence of some extractants on the cell growth
and lactic acid production of Lactobacillus casei -
molecular level.

What is more the number of the cells is greater
than in the control sample (135% at 24 h and 175%
at 48 h). It is necessary to mention that the bacterial
cells look differently. They look not like small
sticks, but like circles. If a sample of these cells is
inoculated in normal fermentation medium they
restore their initial shape, as well as the growth rate
and productivity. This phenomenon has to be
additionally investigated. For all other extractants
the number of the cells does not exceed 60% and the
lactic acid produced — 15%.

Phase level toxicity

Diluents. The results obtained (Fig. 4) demon-
strate considerable phase toxicity of the investigated
hydrocarbons, regardless of the high number of the
cells. In case of octane and decane the number of the
cells is 2 to 4 time higher than in the control sample.
Again the cells look like small circles and do not
have their usual shape. The increased number of the
cells does not result in increase of the lactic acid
production. The lactic acid production in the
presence of octane and decane (compared to the
control sample) is 11% and 21% at 24 h and 42%
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and 33% at 48 h respectively. The dodecane is non-
toxic on the phase level, whereas the kerosene
fraction is very toxic — (25% and 33% biomass, 14%
and 13% lactic acid).

500
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Lactic acid - 24 h
400 4 RER Biomass - 48 h
XY Lactic acid - 48 h

300

200

% from the control

100 +———{

Octane Decane Dodecane Kerosen

Fig. 4. Phase level toxicity of some diluents on
Lactobacillus casei cells.

Modifiers. Similarly to the hydrocarbons, the
corresponding alcohols (octanol and decanol)
showed high phase toxicity. In the case of octanol,
on the 24 h, the biomass is only 2% of the control
sample, increasing slightly to 8% at 48 h — (Fig. 5).
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Fig. 5. Phase level toxicity of some modifiers on
Lactobacillus casei cells.

The results for lactic acid production are
analogous — 5% at 24 h and 7% at 48 h. For decanol
we obtained - 6% and 7% biomass at the 24 h and
48 h and 7% lactic acid for both points of analysis.
The results for the dodecanol are very different
comparing the biomass growth and lactic acid
production. Whereas at the 24 h the biomass is only
about 35% of the control sample, at the 48 h the
biomass is equal to that of the control sample. At the
same time the production of the lactic acid is low —
12% and 19%. Probably in this case the acid
production has started at the late stage of
fermentation, because the cells were viable and with

normal shape. In the case of oleyl alcohol the phase
toxicity is low. In spite of the fact that the biomass
is only about 50% at the 24 h and 48 h, at the end of
the fermentation, the produced lactic acid is 160%
compared to the control sample.

Extractants. All the studied extractants showed
high phase level toxicity. The number of the cells
did not exceed 45% of the control sample and
produced lactic acid — 11% (Fig. 6).
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Fig. 6. Phase level toxicity of some extractants on

Lactobacillus casei cells.

The lactic acid was analyzed only in water phase
and we had no information for the quantity of the
extracted acid. This will be done on the next stage
of the investigations. In any case, if there is some
extracted acid the results will be better. At the same
time the cells have normal shape and it is possible
that the presence of organic phase prolonged the lag
phase. The results obtained at two points of
comparison do not give enough information about
the cell growth in the presence of organic reagents.
Additional investigations are necessary and the
fermentation process should be monitored at shorter
time intervals during entire process.

Systems extractant/modifier. On the basis of the
results obtained it has been decided to check two
systems, composed of TOA/oleyl alcohol and
TdDA/oleyl alcohol at volume ratio 30/70.

On the molecular level both systems showed no
toxicity. The results at 24 h are very close to those
of the control sample and decreased to about 70%
for the biomass and 60% for lactic acid at 48 h (Fig.
7a). The results with TdDA/oleyl alcohol system are
similar to those with pure TdDA, whereas the sys-
tem TOA/oleyl alcohol is less toxic than the pure
TOA.

On the phase level of toxicity the chosen systems
are better, compared to the pure extractants. The cell
growth in the system TOA/oleyl alcohol is about
70% of the control sample and in the system
TdDA/oleyl alcohol it is even higher than that in the
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control sample (Fig. 7b). The produced lactic acid is
about 25% for both systems, ignoring the quantity
of acid extracted by the amine.
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TOA/Oleyl alcohol

TdDA/Oleyl alcohol

Fig. 7. Molecular (a) and phase level (b) toxicity of the
systems TOA/oleyl alcohol and TdDA/oleyl alcohol on
the Lactobacillus casei cells.

CONCLUSIONS

Among all the tested diluents and modifiers only
decanol and dodecanol were toxic on molecular
level, as well as all the extractants, except for trido-
decylamine. All other chemicals were non-toxic on
molecular level.

Regarding phase level toxicity, only dodecane,
dodecanol and oleyl alcohol showed low toxicity,
while all the extractants were highly toxic.
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The results obtained with systems extractant/
diluent demonstrated that the use of non-toxic
diluents decreases the toxicity of the system in
comparison to pure extractants.

Further investigations are necessary to determine
whether lower lactic acid production is due to the
prolonged lag-phase in bacterial growth, as well as
on the influence of ratio extractant to diluent on the
lactic acid production.
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TOKCHUYHOCT HA HAKOU PA3STBOPUTEJIN U EKCTPAT'EHTU
KBbM KJIETKU HA LACTOBACILLUS CASEI

H. A. Mapunoga, /I. C. Sakos*

Hnemumym no unoceneprna xumus, bBvaecapcka akadoemus na Haykume,
ya. ,,Axao. I'. Fonueg”, 0. 103, 1113 Cogpus

Tocrprmna ua 30 oktomBpu 2008 r., IIpepadorena Ha 23 anpwt 2009 r.
(Pesrome)

PasnmuyHu OpraHWYHU CHCIWHCHHS, W3IOJ3BAHM KAaTO Pa3TBOPHUTENH, MOIUGUKATOPH ¥ CKCTPAreHTH IIpU
EKCTpaKIUsATa Ha MIICYHA KHCEIMHA Ca H3CJICIBaHHU, 3a Ja CE OINPENCSIIM TOKCHYHOCTTA MM CIPSAMO KIICTKH Ha
Lactobacillus casei. N3cnenBana 6e TOKCHIHOCTTa Ha MOJIEKYITHO U (ha30BO HUBO. M3cienBaHnuTe BBIIEBOAOPOAN Ca
HETOKCHYHMA HAa MOJICKYJIHO HHBO M IOKa3BaT pa3iM4YHA TOKCHYHOCT Ha (ha30BO HUBO. M3Mexny H3CIeIBAHUTE
QJIKOXOJIM OKTAHOJIBT U OJICUJIOBHST aJIKOXOJI Ca HETOKCHYHH, a IEKaHOIBT U JOJEKAHOIBT Ca TOKCHYHU Ha MOJIEKYJTHO
HUBO. BCHYKH alkOXOJIM IOKa3BaT BHCOKAa TOKCHYHOCT Ha ()a30BO HHBO. M3caemBaHHTE EKCTPAareHTH Ca CHIIHO
TOKCHYHHU KaKTO Ha MOJIEKYJIHO (C M3KJIIOYEHHE Ha TPUIOJCLUUIAMHUHA), Taka U Ha ()a30BO HUBO. [IBe eKCTPAaKLMOHHU
CHUCTEMH, CHCTABEHH OT TPHOKTHIAMHUH/OJICHIOB aJIKOXOJN M TPHUIOJACIIUIAMHUH/OJICHIOB aJKOXO0J ChINO Osxa
uscnenBanu. Y nBeTe CHCTEMH ca HETOKCHMYHU Ha MOJIKYJIHO HMBO M Ca CPEJAHO TOKCHYHM Ha ()a3oBO HHUBO. Te
YCIICIIIHO MOT'aT JIa Ce U3IOJI3BAT 3a i1 Sifu eKCTPAKTUBHA (DepMEHTAIlMs Ha MJICYHA KHCEIMHA.
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The inhibition efficiency of fluorescein in controlling corrosion of carbon steel, immersed in well water, has been
evaluated by mass loss method both in the absence and presence of zinc ion. The formulation consisting of 60 ppm of
Fluorescein (FN) and 50 ppm of Zn" offers 98% inhibition efficiency to carbon steel immersed in well water. A
synergistic effect exists between FN and Zn®'. The inhibition efficiency (IE) of the FN-Zn?" system decreases with
increases in immersion period. Addition of N-cetyl-N,N,N-trimethyl ammonium bromide (CTAB) sodium dodecyl
sulphate (SDS), sodium sulphite (Na,SO;) does not change the excellent inhibition efficiency of the FN-Zn*" system.
Polarization study suggests that the FN-Zn®" functions as an anodic inhibitor system. AC impedance spectra reveal the
presence of a protective film on the metal surface. FTIR spectra indicate that the protective film consists of Fe*'-FN

complex and Zn(OH),.

Key words: carbon steel, corrosion inhibition, fluorescein, dyes and synergistic effect.

INTRODUCTION

Several compounds such as nitrate [1, 2] phos-
phates [3, 4] silicates [5] sodium salicylate [6]
sodium cinnamate [7] molybdate [8, 9] phosphoric
acids [10, 12] polyacrylamide [13] and caffeine [14,
15] have been used as corrosion inhibitors. Talati
and Gandhi [16, 18] have studied the effect of some
dyes as corrosion inhibitors for B26S aluminium in
hydrochloric acid. The inhibition efficiency (IE) of
triphenylmethane dyes such as Victoria Blue, Fast
Green, Light Green, Malachite Green, Fuchsine
base, Fuchsine acid, Crystal Violet and Methyl
Violet 6B in controlling corrosion of aluminium in
phosphonic acid has been studied by Talati and
Daraji using mass loss and polarization studies [19].
Though several dyes have been used as corrosion
inhibitors, the mechanistic aspects of corrosion inhi-
bition have not been studied in detail. This prompted
us to investigate (i) the inhibition efficiency of
fluorescein in controlling the corrosion of carbon
steel immersed in well water in the absence and
presence of zinc ion (ii) the influence of pH and
immersion period (iii) to analyze the protective film
formed on the metal surface by FTIR spectroscopy
(iv) to propose a suitable mechanism of corrosion
inhibition based on the results of electrochemical

* To whom all correspondence should be sent:
E-mail: susairajendran@gmail.com
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studies such as polarization and AC impedance and
FTIR spectra.

EXPERIMENTAL
Preparation of the specimens

Carbon steel specimens (0.0267% S, 0.06% P,
0.4% Mn, 0.1% C and the rest iron) of the dimen-
sions 10x4.0x0.2 cm were polished to mirror finish
and degreased with trichloroethylene and used for
mass loss method and surface examination studies.

Mass loss method. Relevant data on the well
water, used in this study, are given in Table 1.

Table 1. Parameters of well water.

Parameter Value
pH 8.38
Conductivity 3110x10* S'm™
TDS 2013 ppm
Chloride 665 ppm
Sulphate 14 ppm
Total hardness 1100 ppm

Carbon steel specimens, in triplicate were im-
mersed in 100 ml of well water and various concen-
trations of fluorescein in the presence and absence
of Zn*" (as ZnS0,.7H,0) for a period of one day.
The corrosion products were cleaned with Clarke's
solution [20]. The weight of the specimens before
and after immersion was determined using Shimadzu

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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balance AY62. The corrosion inhibition efficiency
was calculated based on Eqn (1):

IE =100 [1-Wy/ W], % (1)

Where W, is the corrosion rate in the absence of
the inhibitor and W, is the corrosion rate in the
presence of inhibitor.

Surface examination study

FTIR spectra. The carbon steel specimens were
immersed in various test solutions for one day. The
specimens were taken out of the test solutions and
dried. The film formed on the metal surface was
carefully removed and thoroughly mixed with KBr
so as to make it uniform throughout. The FTIR
spectra were recorded on a Perkin-Elmer 1600 spec-
trophotometer.

Potentiodynamic polarization study. Polarization
study was carried out by H and CH Electrochemical
Impedance Analyzer Model CHI 660A using a three
electrode cell assembly. Carbon steel was used as
working electrode with platinum as counter elec-
trode and saturated calomel electrode (SCE) as
reference electrode. The corrosion parameters such
as corrosion potential (£co;) corrosion current (1.ox)
and Tafel’s slopes (anodic slope b, and cathodic
slope b.) were calculated.

AC Impedance spectra. AC impedance spectra
were recorded by the same instrument used for
polarization study using the same type of three
electrode cell assembly. The real part (Z') and
imaginary part (Z") of the cell impedance were
measured in ohms at various frequencies. The
charge transfer resistance (R;) and double layer
capacitance (Cy) values were calculated.

Decolourization process. The optical density of
FN solution before and after decolourization was
measured by the instrument Photoelectric Calori-
meter-112. The carbon steel was immersed in 100
ml of the formulation consisting of 60 ppm of FN
and 50 ppm of Zn>* for one day. After one day im-
mersion, the carbon steels were removed and the
solution was subjected to electrochemical deco-
lourization process. The platinized titanium elec-
trode was used as the anode and the graphite was
used as the cathode. The electrolysis was carried out
in an undivided cell with a stirring bar.

RESULTS AND DISCUSSION
Analysis of results from mass loss study

The calculated inhibition efficiencies (/E) of
fluorescein in controlling the corrosion of carbon
steel immersed in well water both in the absence and
presence of zinc ion have been tabulated in Table 2.

The calculated values indicate the ability of fluo-
rescein to be a good corrosion inhibitor. The inhibi-
tion efficiency is found to be enhanced in the
presence of zinc ion.

Table 2. Corrosion rates (CR) of carbon steel in well
water in the absence and presence of inhibitors and the
inhibition efficiencies obtained by mass loss method.
Inhibitor system: Fluorescein (FN)+Zn** Immersion
period: one day.

Zn*"/FN, ppm 0 10 25 50

0 - 3 7 15
20 13 35 70 96
60 16 38 75 98
100 22 45 82 98
140 25 50 83 98
180 30 65 90 98

CR(mdd)

0 59.09 59.09 59.09  59.09
20 51.40 38.41 17.23 2.36
60 50.32 36.64 14.77 1.18
100 46.09 36.64 1477 1179
140 4432 29.54 10.04  1.178
180 4136 20.68 591 1.175

Influence of immersion period on inhibition
efficiency. The IE of FN (60 ppm)-Zn** (50 ppm)
(Table 3) system is found to decrease as the immer-
sion period increases. This indicates that the pro-
tective film, formed on the metal surface, is unable
to withstand the continuous attack of corrosive ions
such as CI” ion (665 ppm) present in well water for
long time. There is a competition between the
formations of FeCl, (and also FeCl;) and Fe-FN
complex on the anodic sites of the metal surface.
The formation of FeCl, is favoured, compared to the
formation of Fe-FN complex [21, 22].

Table 3. Influence of immersion period on the inhibition
efficiency of FN (60 ppm)+Zn®* (50 ppm) system.

Immersion period, day 1 3 5 7

System: well water CR, mdd 59.09 21.52 149 17
System: well water + FN (60 1.18 129 149 3.06
ppm) + Zn** (50 ppm) CR,
mdd
1E% 98 94 90 82

Influence of N-cetyl N,N,N-trimethyl ammonium
bromide (CTAB) on the inhibition efficiency of FN
(60 ppm) + Zn’* (50 ppm) system. The influence of
CTAB on the inhibition efficiency of FN (60 ppm)
+ Zn*" (50 ppm) system is given in Table 4. It is
interesting to find that the /E of the FN-Zn®>" system
is not changed upon the addition of CTAB. CTAB is
a biocide. It can control the corrosion caused by
bacteria. The present study reveals that the for-
mulation consisting of FN, Zn*" and CTAB has
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excellent corrosion inhibition efficiency. It is
expected that this formulation will have also
excellent biocidal efficiency. Hence, this formu-
lation may be used in cooling water system.

Influence of sodium dodecyl sulphate (SDS) on
the inhibition efficiency of FN (60 ppm) - Zn’" (50
ppm) system. The influence of SDS on the inhibition
efficiency of FN (60 ppm) - Zn** (50 ppm) system is
given in Table 4. The IE of FN-Zn”" system is not
changed by the addition of SDS. It can control the
corrosion caused by bacteria. The present study
reveals that the formulation consisting of FN, Zn*"
and SDS has excellent corrosion inhibition effi-
ciency. It is expected that this formulation will also
have excellent biocidal efficiency.

Influence of sodium sulphite (Na,SO;3;) on the
inhibition efficiency of FN (60 ppm)-Zn’* (50 ppm)
system. The influence of Na,SO; on the inhibition
efficiency of FN-Zn®" system is given in Table 4.
Addition of Na,SO; has no influence on the inhi-
bition efficiency of FN (60 ppm) + Zn*" (50 ppm)
system.

Table 4. Influence of N-Cetyl-N,N,N-trimethyl ammo-
nium bromide (CTAB) on the inhibition efficiency of FN
(60 ppm) + Zn** (50 ppm) system. Inhibitor system: FN
(60 ppm) + Zn*" (50 ppm) + CTAB; FN (60 ppm) + Zn**
(50 ppm) + SDS; FN (60 ppm) + Zn*" (50 ppm) +
Na,SO;. Immersion period: one day.

FN, Zn’, CTAB/SDS/Na,SO;, CR, IE,
ppm ppm ppm mdd %
0 0 0 59.09 --
60 50 50 1.18 98
60 50 100 1.179 98
60 50 150 1.178 98
60 50 200 1.176 98
60 50 250 1.175 98

Table S. Influence of various pH on the inhibition effi-
ciency of FN + Zn*" system. Inhibitor system: FN (60
ppm) + Zn*" (50 ppm) + Na,SO;. Immersion period: one
day.

pH 6 8 11
System: well water; CR, mdd 17.27  59.09 3.64
System: well water + FN (60 ppm) 16.55 1.18  0.546
+Zn*" (50 ppm); CR, mdd
1E% 72 98 85

Influence of pH on inhibition efficiency. The IE
of the FN-Zn”" system has been studied at different
pH of the solutions and it is calculated. /E values
have been tabulated in Table 5. At pH 6 the /E is
found to be 72%. This decrease in /E is due to the
fact that the protective film formed on the metal
surface is broken by the attack of H" ions. At pH 8
the /E is 98%. Further increase in pH of the solution
lowers [E substantially. The experimental results
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suggest that the amount of Zn*" available to trans-
port FN towards the metal surface decreases at high
pH. This may be due to the fact that zinc ions in the
bulk of the solution might have been precipitated as
zinc hydroxide.

Analysis of polarization curves

The potentiodynamic polarization curves of
carbon steel immersed in well water in the absence
and presence of inhibitors are shown in Fig. la, b
and c. The corrosion parameters are given in Table 6.

27
3.0 1
3.3 4
3.6 1
3.9 1
424
E 4.5 1
<48
854+
=5.4 -

5.7 T T T T T
020 -030 -040 050 -060 -0.70 -0.80

E, Volt vs SCE

Fig. 1. Polarization curves of carbon steel immersed in
test solution. a. well water; b. well water + FN (60 ppm);
c. well water + FN (60 ppm) + Zn>* (50 ppm).

When carbon steel is immersed in well water the
corrosion potential is =550 mV vs SCE (Saturated
Calomel Electrode). The corrosion current is
5.2480x10™* A/cm’. When FN (60 ppm) and Zn**
(50 ppm) are added to the above system the
corrosion potential shifts to the anodic side (=522
mV vs SCE). This suggests that this formulation
controls the anodic reaction predominantly. In the
presence of this inhibitor system, the corrosion
current decreases from 5.2480x10* A/cm® down to
4.365x107° A/ecm’. This suggests the inhibitive
nature of this inhibitor system.

Table 6. Corrosion parameters of carbon steel immersed

in well water in the absence and presence of inhibitors.
Inhibitor: FN (60 ppm) + Zn>* (50 ppm).

FN, Zn™, Ecor b, b Leor,

ppm ppm mVvsSCE mV mV Alent’
0 0 -550 115 125 5.2480x10°*
60 0 =509 100 186 5.1095x10°°
60 50 —522 71 114 4.365x107°

Analysis of AC impedance spectra

The AC impedance spectra of carbon steel of our
study are shown in Fig. 2a, b and c.
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Fig. 2. AC Impedance spectra of carbon steel immersed
in test solution: a - well water; b - well water + FN (60
ppm); ¢ - well water + FN (60 ppm) + Zn>* (50 ppm).

The impedance parameters have been tabulated
in Table 7. When carbon steel is immersed in well
water the charge transfer resistance R; is 59.6
ohm-cm®. The double layer capacitance Cy 1is
4.8854x10"° pF/cm®. When the formulation con-
sisting of FN and Zn*" is added the R, value
increases to 66.66 ohm-cm® and the Cg value
decreases to 4.367x10” pF/cm®. This increase in
charge transfer resistance value (R, and the
decrease in the double layer capacitance value (Cy))
confirm the formation of a protective film on the
surface of the metal. This accounts for the better
inhibition efficiency of the FN-Zn*" system.

Table 7. AC Impedance parameters of carbon steel
immersed in well water in the absence and presence of
inhibitors. Inhibitors: FN (60 ppm) + Zn>* (50 ppm).

FN Zn2+, R,, Ca,
ppm ppm ohm-cm? uF/cm?
0 0 59.6 4.8854x1078
60 0 60.63 4.8236x10°°
60 50 66.66 4367x107°

Analysis of FTIR spectra

The FTIR spectrum (KBr) of pure fluorescein is
shown in Fig. 3a. The FTIR spectrum (KBr) of the
film formed on the surface of the carbon steel after
immersion in solution containing 60 ppm of FN and
50 ppm of Zn®" is shown in Fig. 3b. The OH
stretching frequency shifts from 3428 cm ™' to 3463.
The C=0O stretching frequency shifts from 1592
cm ' to 1625. The C-O-C asymmetric bending
vibration frequency shifts from 1091 to 1078 cm ™.
It was inferred that fluorescein has co-ordinated
with Fe’* through oxygen atom of OH group
carboxyl oxygen and aromatic II electron resulting
in the formation of Fe*"-FN complex on the anodic
sites of the metal surface. The band at 1338 cm ™' is

due to Zn(OH), formed on the cathodic sites of the
metal surface [22—24]. Thus FTIR spectral study
leads to the conclusion that the protective film
consists of Fe*-FN complex and Zn(OH),.
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Fig. 3. FTIR spectra (KBr) of pure FN (a) and of film
formed on the surface of the metal immersed in test
solution FN (60 ppm) + Zn2+ (50 ppm) (b).

Decolourization process

Platinized titanium anode and graphite cathode
were immersed in the solution to be decolourized.
Current was passed for 10 min without addition of
NaCl. The potential was 6 volts and current density
was 0.25 A/em’. There was no decolourization,
when 2 g of NaCl was added (2% solution) partial
decolurization took place after passing a current for
10 min. However, very interestingly when 5 g of
NaCl was added (5% solution) the solution was
decolourized completely, within a few seconds.
Hence this formulation, namely 5% solution of
NaCl, platinized titanium anode, graphite cathode,
passing a current density of 0.25 A/cm’ and a
potential of 6 volts, for a few seconds may be used
to decolourize the test solution of FN.

The supporting electrolyte plays an important
role in the oxidation process [23]. When NaCl
solution is electrolysed, the active species produced
is CI" [24, 25]. The latter oxidized the coloured
material into colourless product.

. Colourless
cl Product
= or Coloured
Compound

Scheme 1. Electrochemically regenerated C1'.

The optical density value for the coloured solu-
tion before decolourization was 0.50 and after
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decolourization was 0.03. Hence, the efficiency of
decolourization is 94%.

The main objection in case of using dyes as
corrosion inhibitors in cooling water system is the
colour of the dye. The present study has revealed a
method of decolourizing the coloured inhibitor
solutions.

Mechanism of corrosion inhibition

Following these discussions, a mechanism can be
proposed for the corrosion inhibition of carbon steel
immersed in well water by FN (60 ppm)-Zn®" (50
ppm) system.

- When the formulation consists of 60 ppm of FN
and 50 ppm of Zn”>" in well water there is formation
of FN-Zn*" complex in solution.

- When carbon steel is immersed in this solution
FN-Zn** complex diffuses from the bulk of the
solution towards the metal surface.

- FN-Zn*" complex is converted into FN-Fe*
complex on the anodic sites of the metal surface
with the release of zinc ion:

Zn**~FN + Fe’" — Fe*—FN + Zn*'

- The released Zn*" combines with OH to form
Zn(OH), on the cathodic sites of the metal surface:

Zn** +20H — Zn(OH), |

- Thus the protective film consists of FN-Fe*"
complex and Zn(OH),.

- In nearly neutral aqueous solution the anodic
reaction is the formation of Fe’*. This anodic
reaction is controlled by the formation of FN-Fe*
complex on the anodic site of the metal surface. The
cathodic reaction is the generation of OH", which is
controlled by the formation of Zn(OH), on the
cathodic sites of the metal surface.

Fe —Fe* +2¢ (Anodic reaction)
2H,0 + O, + 4¢" — 40H™ (Cathodic reaction)

- This accounts for the synergistic effect of the
FN-Zn*" system.

CONCLUSIONS

To summarize, fluorescein acts as a corrosion
inhibitor for carbon steel in well water. Its efficiency
is increased due to the transporting ability of zinc
ion through the formation of the FN-Zn*" complex.
A suitable mechanism has been proposed for the
corrosion inhibition based on the results of electro-
chemical studies such as polarization and AC
impedance and FTIR spectra. Perusal of the spectral
analysis suggests that the protective film consists of
Fe*"-FN complex on the anodic sites and Zn(OH),
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on the cathodic sites on the metal surface, which
confirms that FN-Zn" system functions as a anodic
inhibitor system.
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®JIYOPECLIEMH KATO MHXUBUTOP HA KOPO3MS HA BBIJIEPOJIHA CTOMAHA
BBB BOJIHU KJIAJIEHLIN

JIx. Catusibama', C. Pamxenmpan'*, k. A. Censu’, JIk. JUkescyHnapy”

! Tenapmamenm no xumus, I'TH konexc no uskycmea, Junoueyn 624005, Tamunady, Hnous
? Lenmup 3a uscnedsane na koposusma, Jenapmamenm no Qusuiecku ayxu,
Cepsum Konedxc 3a obpazosanue na scenume, Toeavimanau 621313, Tamunnady, Hnous
? Tenapmamenm no xumus, Ynusepcumem Bunasea, Aapynadaii Beedy Texnonoeuuen uncmumym,
OMP, Iaiianyp 603104, Unousa
4 Henapmamenm no xumus, C. B. H. Koneowc, Maoypaii, Huous

IMoctenuna Ha 10 sayapu 2009 r.; IlpepaGotena Ha 23 anpui 2009 r.
(Pesrome)

OmnpeneneHo e UHXUOUTOPHOTO JecTBUE Ha (IIyopeclienH 3a KOHTPOJIUpaHe Ha KOPO3HATa Ha BBITIEpPOIHA CTOMaHa
MOTOTIEHA B BOJCH KJIQAEHEI] upe3 3arybaTa Ha Maca B OTCHCTBHE W IPUCHCTBHE HAa HMUHKOBHM HoHHM. Pementypara
BiTOuBaa 60 ppm dayopecuent (FN) u 50 ppm Zn®" 1aa 98% edHKacCHOCT 3a BbIIIEPOIHA CTOMAHA MOTOIECHA BbB
BoJicH KianeHein. Hamepen e cunepruyen edekr mexay FN u Zn*. NuxubutopHOTO IEHCTBHE HA CUCTEMaTa FN-Zn*"
HaMajsiBa C yBeJIMYaBaHe Ha mepuona Ha mortamsiHe. JloOaesiHeto Ha N-meTwi-N,N,N-TpuMeTHIaMOHHEB OpOMH/T
(CTAB), narpueB noneumicyndar (SDS), natpues cyndur (Na,SO3) He IPOMEHSAT OTIMYHOTO HHXHUOUTOPHO JIeHCTBHE
Ha cuctemara FN-Zn?", PesynTarsT oT nosspu3aliMoOHHO U3CIEABaHE MPEArNoara, 4ye cuctemara FN-Zn*" neiicTea kato
aHOJIHA WHXUOMpaIa cuctema. MIMIeJaHCHU CIIEKTPH MOKa3BaT MPHUCHCTBHE HA 3alUTCH (UM BBPXY MOBBPXHOCTTA
Ha MeTana. MU cieKTpy mokasBar, ue 3amuTHIs GuiM ceccheton ot kommneke Fe*-FN u Zn(OH),.
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4-(2-Benzothiazolylazo)-2-amino-3-hydroxypyridine and its derivatives 4-(4-methyl-2-benzothiazolylazo), 4-(6-
chloro-2-benzothiazolylazo) and 4-(6-bromo-2-benzothiazolyl-azo)-2-amino-3-hydroxypyridines have been synthe-
sized. All these dyes are very sensitive chromogenic reagents for the determination of copper, cadmium, zinc, cobalt
and nickel. The reagents react with the metal ions to form purple-coloured complexes (Ap.x 540—570 nm) in aqueous
acetone solution within the pH range 2.8 to 4.6. Copper can be selectively determined at pH 2.8 and most of the metal
ions do not interfere except for nickel and cobalt. Cadmium, zinc, cobalt and nickel can be determined at pH 4—5. Their
mutual interference can be eliminated using suitable masking reagents. A further advantage of this method is that an
extraction procedure is not required and therefore the analytical procedure is very simple.

Key words: 2-aminobenzothiazole, azodyes, 2-amino-3-hydroxypyridine, spectrophotometry, analytical reagents, metal

ions.

INTRODUCTION

In search of new sensitive and selective organic
reagents, a thorough study of some heterocyclic azo
dyes has been made. Among the heterocyclic
reagents pyridylazo, thiazolylazo and benzothiazol-
ylazo dyes are extensively used for the spectropho-
tometric determination of metal ions [1—22]. In this
work 4-(2-benzothiazolylazo)-2-amino-3-hydroxy-
pyridine (BTAAHP), 4-(4-methyl-2-benzothiazolyl-
azo)-2-amino-3-hydroxy-pyridine (MBTAAHP), 4-
(6-chloro-2-benzothiazolylazo)-2-amino-3-hydroxy-
pyridine (CBTAAHP) and 4-(6-bromo-2-benzothia-
zolylazo)-2-amino-3-hydroxypyridine, (BBTAAHP)
were prepared and a spectrophotometric method was
developed for the determination of copper, zinc,
cadmium, cobalt and nickel. The authors have
already reported the synthesis of 4-(2-benzothia-
zolylazo)-2-amino-3-hydroxypyridine (BTAAHP)
and the spectrophotometric determination of copper
by this reagent [1].

All the reagents react instantaneously with Cu
(II), Zn (II), Cd (II) and Co (II) to form reddish
purple complexes. However, the formation of Ni (1)
complexes requires 30 minutes time. These com-
plexes are stable for an hour. Metal ions like Fe*',
Hg”, Pb*" do not interfere.

* To whom all correspondence should be sent:
E-mail: shanthil806@yahoo.co.in

380

MATERIALS AND METHODS
Apparatus

Shimadzu UV double-beam spectrophotometer
was used for the spectrophotometric measurements.
pH adjustments were carried out with Digisun
electronic pH meter model 7007. 2000 Perkin Elmer
FTIR was used for IRS measurements and Thermo
DFS double focusing magnetic sector mass spec-
trometer was applied for mass spectral measure-
ments. Graphite furnace atomic absorption spec-
trometer was used for the determination of the
analytes in water samples

Chemicals

2-Aminobenzothiazole and 2-amino-4-methyl-
benzothiazoles were prepared by cyclization of the
corresponding a-phenyl thioureas [23] with thionyl
chloride as described previously [24]. 2-amino-6-
chloro- and 2-amino-6-bromobenzo-thiazoles were
prepared from the corresponding a-phenyl thioureas,
using sulphuric acid and hydrobromic acid as
cyclization agents [25]. 2-amino-3-hydroxypyridine
was purchased from Acros Organics (New Jersey,
USA). 0.2 M sodium acetate and 0.2 M acetic acid
were used for pH adjustments. BTAAHP,
MBTAAHP, CBTAAHP and BBTAAHP solutions
of concentration 10™* M were prepared by dis-
solving a suitable quantity of the substance in AR
acetone and these solutions were stable for several
months, if stored in amber coloured bottles. All
other solutions, including standard solutions of

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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metal ions, were prepared from purified reagents in
redistilled water.

EXPERIMENTAL

Synthesis of BTAAHP. Synthesis and analysis of
BTAAHP were already reported by the authors [1].

Synthesis of MBTAAHP. 1.64 g of 2-amino-4-
methylbenzothiazole was dissolved in concentrated
sulphuric acid (14 mL) and diluted with 24 mL of
water. The amine was diazotized using nitrosyl
sulphuric acid (prepared by adding 0.72 g of sodium
nitrite to 5 mL of concentrated sulphuric acid at
70—90°C) at 0—5°C [7]. The diazotized mixture was
kept for 2 hours at 0—5°C and then added to a
solution containing 1.1 g of 2-amino-3-hydroxy-
pyridine in 400 mL of 7% NaOH. The pH of the
mixture was adjusted to 5 with ammonia and acetic
acid, it was kept overnight and filtered. Brownish-
red solid of MBTAAHP was dried and recrystal-
lized from chloroform. The reagent was further
purified by column chromatography using silica gel
and 10% acetone in chloroform as eluent.

4-(6-chloro-2-benzothiazolylazo)-2-amino-3-hy-
droxypyridine (CBTAAHP) (and 4-(6-bromo-2-ben-
zothiazolylazo)-2-amino-3-hydroxypyridine (BBT-
AAHP) were prepared as it was described above
starting with 2-amino-6-chlorobenzothiazole (1.84 g)
and 2-amino-6-bromobenzothiazole (2.29 g). The
structure of the obtained substances is shown in Fig. 1.

R

R; HO NH,

BTAAHP [R = H, R, = H],
MBTAAHP [R = CH;, R, = H]
CBTAAHP [R =H, R, = Cl],
BBTAAHP [R = H, R, = Br].

Fig. 1. Structure of the dye.

Analysis of MBTAAHP. C3H;{NsOS requires
54.74% C, 3.86% H and 24.56% N; found 54.8% C,
3.78% H and 24.5% N; reddish-brown powder (m.p.
242°C decomposes). Mass spectrum: M ion peak at
285. IR spectrum (KBr pellets): 3472, 3431 cm™'
(str) (N-H), 3301 ecm™' (str) (O-H), 1473 cm™' (str)
(N=N).

Analysis of CBTAAHP. C;HgNsOSCI calculated
47.13% C, 2.62% H and 22.91% N; found 47.1% C,
2.6% H and 22.89% N; reddish-brown powder (m.p.
248°C decomposes). Mass spectrum: M ion peak is
at 305.5. IR spectrum (KBr pellets): 3461 cm ',
3432 cm ' (str) (N=H), 3332 cm ™' (str) (O-H), 1471

cm ' (str) (N=N).

Analysis of BBTAAHP: C,HgNsOSBr calculated
41.14% C, 2.28% H and 20.0% N; found 41.2% C,
2.26% H and 20.0% N; reddish-brown powder (m.p.
252°C decomposes). Mass spectrum: M ion peak is
at 350 m/z. IR spectrum (Nujol): 3478 cm™', 3448
cm ' (str) (N-H), 3348 cm ' (str) (O—H), 1490 cm™'
(str) (N=N). Spectral data for these dyes are repre-
sented in Table.1.

Table 1. Spectral data for the azo dyes.

Parameters BTAAHP MBTAAHP CBTAAHP BBTAAHP
Color in Reddish- Reddish- Reddish- Reddish-
acetone orange orange orange orange
Amax 470 nm 470 nm 470 nm 470 nm
Emaxs 5.52x10*  3.85x10*  4.26x10*  2.42x10*
L-mol "-em™
(in acetone)
Emaxs 44x10*  3.55x10*  3.88x10* 2.39x10*
L-mol cm™!
(pH 2.8)
Emaxs 3.16x10*  3.68x10* 2.97x10*  2.0x10*
L-mol "em™
(at pH 4.45)
Emaxs 3.78x10*  3.63x10*  2.0x10*  2.5x10*
L-mol "-em™
(pH 4.63)

Preparation of metal standard solutions. Stock
solutions (107> M) of copper, zinc, cadmium, cobalt
were prepared from their corresponding analytical
grade acetate salts; that of nickel was prepared from
its sulphate salt.

General procedure for determination of metal
ions. 5 mL of the standard dye solutions of concen-
tration 5x10™* M were diluted to 100 mL with
acetone. From these solutions, 5 mL were used for
the determination of metal ions. Absorption mea-
surements were made at 540—580 nm, depending
upon the kind of metal ions at a pH value, where the
absorption was maximal. The reagent blank was
prepared by pipetting 5 mL of the dilute dye solu-
tion (0.02 mg-L™") to 5 mL of buffer solution and 10
mL of acetone, making up to 25 mL with water.

RESULTS AND DISCUSSION

Effect of pH

The absorbance of various metal chelates of
BTAAHP, MBTAAHP, CBTAAHP and BBTA-
AHP at different pH values was measured. The pH
of maximal absorption was selected for the pH
range for the determination of the metal ions, as
listed in Table 2.

The copper complexes of all the dyes were
determined at pH 2.8 at Ay = 540 nm, the select-
ivity of the reagents is excellent and metal ions like
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zinc, cadmium, iron, lead, mercury, do not interfere
except for nickel and cobalt.

Metal ions like Cu?', Zn**, Cd*",Co*'and Ni**
show strong interference with one another within
the pH range 4 to 5. Therefore, determination of any
one of these metal ions requires either complete
separation or masking of the other four metal ions.

Characteristics of the complexes

BTAAHP, MBTAAHP, CBTAAHP, and
BBTAAHP form 1:1 (ligand to metal) complexes
with copper, zinc, cadmium, cobalt and nickel. Cali-
bration graphs were drawn by the general procedure.
Beer’s law was obeyed in the concentration range
0.03—0.3 mg-L™".

The reagents react instantaneously with copper,
zinc, cadmium and cobalt at the pH values listed in
Table 2 to form reddish-purple coloured complexes.
The reagents require 30 minutes to form a stable
nickel complex. All these complexes were stable in
aqueous acetone solution for an hour. The empirical
formulae of the complexes were determined by
Job’s and mole ratio methods. The optical char-
acteristics such as optimum range for the determi-
nation of metals, molar absorptivity, Sandell’s
sensitivity (S) are shown in Table 2.

The empirical formulae of the complexes were
determined by Job’s and mole ratio methods. The
optical characteristics such as optimal range for the
determination of metals, molar absorptivity and
Sandell’s sensitivity (S) are shown in Table 2.

To test the validity of the method, the experi-
mental data were interpreted statistically by the li-
near regression method. The high correlation coeffi-
cient (r) (about 0.98) is evidence for the linear de-
pendence of the absorbance on metal ion concentra-
tion. Correlation coefficients (r), slopes and inter-
cepts for the various metal ion complexes are listed
in Table 2.

Effect of diverse ions

The selectivity of BTAAHP, MBTAAHP, CBT-
AAHP, and BBTAAHP for copper, zinc, cadmium,
cobalt and nickel is excellent. The effect of foreign

ions with respect to MBTAAHP is represented in
Table 3.

Copper determination in industrial effluents

Effluent samples were collected from battery
producing industries and electroplating industries.
These effluents contain mainly copper, cadmium,
zinc and lead in trace amounts. Suitable amounts of
the effluent solutions were completely evaporated
and 10 mL of concentrated nitric acid were added to
these solutions. The mixtures were heated until
decomposition of all nitrates. The obtained residues
were extracted with diluted acetic acid made up to
25 mL with redistilled water. The determination of
copper ions was carried out as it is described in the
general procedure using BTAAHP as analytical
reagent. The results obtained by the proposed method
agreed with those of the AAS method (Table 4).

Table 2. Spectral data for the metal complexes at various pH conditions.

Beer-Lambert’s

Linear regression equation

Metal complex pH Amaxs Smaxj; 1 04—1 rangci,1 Sensitivigy Correlation

am L-mol “cm mgL (ngrem™) coefficient r Intercept Slope
Cu-BTAAHP 2.8 540 44 0.316-1.0 1.71x107° 0.9794 —0.068 0.1278
Zn-BTAAHP 4.63 545 2.9750 1.8-0.53 2.2x107° 0.9952 0.005 0.1956
Cd-BTAAHP 4.63 545 2.2750 0.074-1.0 4.94x107° 0.9991 0.0003 0.3523
Co-BTAAHP 445 555 3.0 0.25-0.57 2x107° 0.9964 —0.006 0.2255
Ni-BTAAHP 4.63 550 3.78 1.27-0.26 1.6x107° 0.9780 0.018 0.1699
Cu-MBTAAHP 2.8 540 2.9513 0.23-0.47 2.14x107° 0.9824 —-0.002 0.1588
Zn-MBTAAHP 4.63 550 3.0945 0.24-0.48 2.1x1073 0.9998 —0.001 0.2327
Cd-MBTAAHP 4.63 550 2.5605 0.25-0.6 4.4x107° 0.9999 —0.001 0.4829
Co-MBTAAHP 4.45 570 3.6891 0.12—-0.28 1.6x107° 0.9788 0.025 0.1962
Ni-MBTAAHP 4.63 560 4.6756 0.13-0.35 1.62x107° 0.9998 —-0.001 0.1275
Cu-CBTAAHP 2.8 540 4.259 0.06—0.27 1.72x107° 0.9954 0.002 0.5515
Zn-CBTAAHP 4.63 540 1.98 0.01-0.29 3.3x107° 0.9947 0.002 0.2811
Cd-CBTAAHP 4.63 550 1.52 0.165-0.58 7.39x1073 0.9922 —-0.001 0.5069
Co-CBTAAHP 445 560 3.51 0.081-0.201 1.7x1073 0.9599 0.0155 0.1996
Ni-CBTAAHP 4.63 550 3.810 0.109-0.22 1.54x107° 0.9800 —-0.001 0.1266
Cu-BBTAAHP 2.8 540 2.3275 0.038-0.195 2.7x107 0.9982 —-0.002 0.0883
Zn-BBTAAHP 4.63 540 2.3275 0.08—0.363 2.8x107° 0.9946 —0.003 0.5548
Cd-BBTAAHP 4.63 540 1.7456 0.82-1.16 6.44x107 0.9738 —0.003 1.561
Co-BBTAAHP 4.45 560 2.4568 0.019-0.071 2.4x107° 0.9426 0.014 0.5572
Ni-BBTAAHP 4.63 550 3.3624 0.02—0.085 1.76x107° 0.9746 0.005 0.1611
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Table 3. Effect of interferents on the spectrophotometric determination of metal ions with MBTAAHP.

Copper added Nickel added Cobalt added Zinc added Cadmium added
Substance Amount  (3.12mgL™") (227 mg'L™) (1.7mgL™ (1.36 mg'L™") (1.97 mg'L™)
addec},l Cufound, Error, Nifound Error, Co found, Error, Znfound, Error, Cd found, Error,
mgL mgL' mgL' mgL' mgL' mgL' mgL' mgL' mglL' mgLl' mgL"
KCl 296 3.12 0.0 2.27 0.0 1.73 0.03 1.36 0.0 1.97 0.0
K,S0, 696 2.84 —-0.28 1.98 —-0.29 1.48 —0.22 1.25 —0.11 1.73 —-0.24
KNO; 399 3.12 0.0 2.27 0.0 1.70 0.0 1.36 0.0 1.97 0.0
Thiourea 320 2.76 —-0.36 2.0 —-0.27 1.48 -0.22 1.29 —-0.07 1.81 —-0.16
NaF 168 34 0.28 1.74 -0.53 1.76 0.06 1.26 0.1 1.88 —-0.09
Na-K Tartrate 250 2.5 —0.62 1.45 —0.82 0.7 —-1.00 0.68 —0.68 1.22 —-0.75
Dimethyl- 2387 3.0 0.12 0.1 -2.17 1.0 -0.7 1.23 —-0.13 1.61 -0.36
glyoxime
H,0,(6%) 0.1mL  3.02 0.1 1.9 —-0.37 0.0 -1.7 1.10 —-0.26 1.83 —-0.14
EDTA (0.1 M) 0.05 mL 0 -3.12 0 -2.27 0 -1.7 0 -1.36 0 -1.97
NaH,PO, 400 33 0.19 2.01 —-0.26 1.64 —0.06 0.65 -0.71 1.9 —-0.07
Hg** 0.54 3.06 —-0.06 2.0 —-0.27 1.68 —-0.02 1.20 —-0.16 1.79 —0.18
Pb>* 0.41 2.98 —-0.14 2.18 —-0.09 1.6 —-0.1 1.3 —-0.06 1.92 —-0.05
Fe** 2.84 3.01 —-0.11 2.01 -0.26 1.54 —-0.16 1.12 -0.24 1.89 —-0.08
cd* 0.97 3.12 0.0 3.24 0.97 2.6 0.9 2.34 0.98 - -
Zn** 1.47 3.12 0.0 3.74 -1.47 3.17 1.47 - - 3.44 1.47
Co*" 1.94 5.28 2.16 4.21 1.94 - - 33 1.94 3.91 1.94
Ni%* 1.82 6.39 3.27 - - 3.5 1.8 3.18 1.82 3.79 1.82
cu* 1.56 - - 3.83 1.56 3.26 1.56 2.92 1.56 3.53 1.56

Table 4. Determination of Cu(II) and Zn(Il) in industrial effluents with BTAAHP.

Copper determination Copper determination  Error, Zinc determination by Zinc determination Error,
Sample by proposed method, by AAS, proposed method, by AAS,
mgL™! mgL™! mg L™’ mgL™! mgL™! mgL™!
1 0.0204 0.02 —0.004 0.062 0.07 0.008
2 0.0224 0.02 —0.0024 0.0098 0.01 0.0002
3 0.0315 0.03 —0.015 0.008 0.01 0.002
4 0.367 0.35 -0.017 6.6 6.8 0.2

Zinc determination in industrial effluents

Copper, zinc and cadmium form complexes with
BTAAHP. As the effluent solutions contain all the
three ions, the determination of each one of them
requires masking of the other two. The determi-
nation of zinc was carried out in a suitable aliquot of
the effluent solution as it is described in the general
procedure using BTAAHP as analytical reagent and
masking copper and cadmium with 1 mL of 2%
Na,S,0;. The results are represented in Table 4.

CONCLUSION

BTAAHP, MBTAAHP, CBTAAHP and BBTA-
AHP are sensitive spectrophotometric reagents for
the determination of metal ions - copper, zinc, cad-
mium, cobalt and nickel due to their high absorpti-
vity and the reasonable stability of their complexes.
Determination of copper by these reagents at pH 2.8
is relatively free from interference; hence copper
can be determined in the presence of metal ions like
zinc and cadmium. Determination of zinc, cadmium,
cobalt and nickel can be done above pH 4-5. Zinc
can be determined in the presence of copper and
cadmium by masking them with 1 ml of 2%

Na,S,0; solution. The method was successfully
applied tor the determination of copper and zinc in
industrial effluents.
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CHUHTE3 U CIIEKTPO®OTOMETPNYHUN U3CIEABAHUA HA HAKOU BEH30THUA30OJINJIA30-
BATPUJIA — OIIPEAEJIIHA HA MEJ], HIUHK, KAJIAMNWU, KOBAJIT 1 HUKEJI

K. HlanTtanakmmu*, C. JI. benaranu

Jenapmamenm 3a nayynu uzciedganus Ha okoaHama cpeda, Yuueepcumem na Maiicyp,
Maiicyp 570006, Kapnamaxa, Huous

Iocrenmna Ha 5 stHyapu 2009 r.; IIpepaboTeHa Ha 6 mait 2009 .
(Pesrome)

Cuntesupanu ca 4-(2-0¢H30THA30JIMIIa30)-2-aMUHO-3-XUIPOKCUIIUPUANH ¥ TMPOU3BOAHHUTE My 4-(4-MeTHi-2-
OCH30THAa30111a30), 4-(6-XJI0p0-2-0eH30THA30/IMIa30) U 4-(6-0poMO-2-0eH30THA30JIMIIA30 )-2-aMUHO-3 -XUAPOKCHITUPHU-
nuHA. Benuky Te3n Oarpuiia ca MHOTO YYBCTBUTEIHHM XPOMETCHHM PEarcHTH 3a OMPENeNIsTHE Ha Mell, KaJMHUH, IUHK,
KOOaNT M HUKell. PeareHTUTE B3MAMOJICHCTBAT C METATHUTE HOHU ¢ 00pa3yBaHe HA IyPITyPHO OIBETEH KOMIUIEKC (Amax
540—-570 nm) BBB BOZIeH pa3TBOp Ha anetoH ¢ pH B obmactra 2.8—4.6. Menra Moxe aa Objie onpeaencHa CeICKTHBHO
mpu pH 2.8 u moBeveTo OT MeTaTHHTE HOHU HE TpeYaT OCBEH 3a HHUKed M kKobant. Kagmwuii, MUHK, KOOANT U HUKEI
MoraT fa 0paaT omnpexaeneHd npu pH 4-5. TaxHOTO B3aMMHO TpedeHEe MOXKE Ja ObJe eMMMUHHPAHO C W3IIOJI3BAaHE Ha
TTOIXOMSIN MAaCKUpaIu peareHTH. JIOMBbIHUTENHO MPEeIUMCTBO HAa METOJa € 4Ye MpoleAypaTa Ha eKCTPaKIHs He e
Heo0XoArMa | TpOoIleyparTa 3a aHajIn3 € MHOTO OIIPOCTEHA.
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Degradation mechanism of diazo dyes by photo-Fenton-like process:
Influence of various reaction parameters on the degradation kinetics
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The degradation of diazo dyes Brilliant Yellow (BY) and Bismark Brown (BB) was investigated by the photo-
Fenton-like process Fe*'/ammonium persulphate (APS)/UV in acidic pH medium. The influence of various reaction
parameters like pH, concentration of Fe’" ions/APS, structure of the dye and effect of radical scavenger on the
degradation kinetics is reported. The rate constant (k), catalytic efficiency (k) and process efficiency (@) are evaluated
at different concentrations of Fe*" ions. It was found out that the BB degrades at a faster rate than BY. The degradation
process was followed by GC-MS technique. The results show that the initial step in the degradation of BB involves
direct oxidation of azo chromophore, while in the case of BY the initial step is oxidation of azo group followed by the
oxidation of ethylenic chromophore. Based on the obtained intermediates, probable degradation mechanism has been
proposed. The results show that photo-Fenton-like process could be a useful and efficient technology for the

mineralization of diazo dyes at lower concentrations of iron in acidic medium.

Key words: photo-Fenton-like process, ammonium persulphate, diazo dyes, GC-MS analysis.

INTRODUCTION

The textile industry produces large quantities of
effluents that contain significant concentrations of
organic matter. The coloured waste water is directly
discharged into the rivers and other water ways.
Traditional methods like adsorption on activated
carbon, liquid-liquid extraction, ion-exchange, air or
stream stripping, etc., are ineffective on refractory
and non-volatile pollutants and have another dis-
advantage as they simply transfer the pollutants
from one phase to another. Hypochlorite oxidations
and UV/H,0, or UV/O; processes are found to be
efficient methods for decolourisation, but they are
not desirable due to the high cost of equipment and
the secondary pollution arising from the residual
chlorine, which further complicates the process.
Photo-Fenton process is considered as a promising
method for the treatment of wastewater containing
dyes [1-5]. It is based on the reaction of Fe*" ions
and H,0O, under UV illumination for the generation
of hydroxyl radicals in situ. Hydroxyl radicals are
strongly potent oxidizing agent that can mineralize
all organic contaminants to CO, and H,O. However,
the removal of sludge, containing iron ions, at the
end of wastewater treatment is costly and requires
large amount of chemicals and manpower [6].
Although H,0, is extensively used as an oxidant in

* To whom all correspondence should be sent:
E-mail: gomatidevi_naik@yahoo.co.in

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

the classical photo-Fenton process, little attempt is
made for the use of peroxy disulphate as oxidant. In
view of this, the present research work highlights
the utility of peroxy disulphate, which is termed as
photo-Fenton-like process for the degradation of
diazo dyes Brilliant Yellow (BY) and Bismark
Brown (BB) at low iron concentration. Azo dyes are
not biodegradable by aerobic treatment process [7].
Under anaerobic conditions, they can be decolorized
by the reduction of azo bond [8] and the resulting
fragment is aromatic amines, which are potentially
carcinogenic [9]. Therefore, its mineralization by
photo-Fenton-like process is simple, cost effective
and important,

MATERIALS AND METHODS
Materials

BY, BB, ammonium persulphate (APS), methyl
alcohol, ferrous oxalate, sodium hydroxide and
sulphuric acid were supplied from S D Fine Chemi-
cals, Bombay, India and were used as received. The
molecular formulae of BB and BY are C,3H,,Cl,Ng
{(4,4-(1,3-phenylene-bis(azo))bis-1,3-benzenedia-
mine dihydrochloride} and C,cH sN,;Na,OgS, {2,21—
(1,2-ethenediyl)-bis[5-[(4-hydroxyphenyl)azo } -ben-
zene sulphonic acid disodium salt} respectively. The
structures of the dyes are given in the Schemes 1
and 2.
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Scheme 1. Probable degradation pathway for BB.
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Scheme 2. Probable degradation pathway for BY.

Experimental setup

Artificial light source of 125 W medium pressure
mercury vapour lamp with a photon flux of 7.75

386

mW/cm® (as determined by ferrioxalate action-
metry) is used whose wavelength of emission is
around 350-400 nm. In a typical experiment, 10
ppm dye solution is placed in a glass reactor whose
surface area is 176 cm” and the required concen-
tration of Fe*" ions and APS are added. The light is
directly focused on the solution at a distance of 29
cm in the presence of atmospheric oxygen as it is
shown in Fig. 1.

A  S——
/LN
B (: - 29cm
N —
b © ©
(=] =

Fig. 1. Schematic illustration of experimental setup
used for UV irradiation.
A - Medium pressure mercury vapour lamp; B - glass
reactor; C - magnetic bit; D - magnetic stirrer;
E - dye solution.

The pH value of the solution is adjusted either by
adding dilute NaOH or H,SO,.

Analytical methods

Sample solutions (5 ml) were taken out of the
reactor at definite time intervals and centrifuged.
The centrifugates were analyzed by UV-visible
spectroscopic technique using Shimadzu UV-1700
Pharmaspec UV-visible spectrophotometer. The
centrifugates were extracted into mnon-aqueous
medium and 1 pL. was subjected to GC-MS analysis
(using GC-MS-QP-5000 Shimadzu) and Thermo
Electron Trace GC Ultra, coupled to a DSQ mass
spectrometer, equipped with an Alltech ECONO-
CAP-EC-5 capillary column (30 m, 0.25 mm i.d.,
0.25 mm film thickness) was used. Pure helium was
used as the carrier gas at a flow rate of 1.2 ml/min.
The injector/transfer line/trap temperatures were
kept at 220/250/200°C respectively. Electron impact
ionization was carried out at 70 eV.

RESULTS AND DISCUSSION

Photo-Fenton reaction of Fe&t with S,05

Ferrous ions react with persulphate anion
resulting in the formation of sulphate anion and
sulphate radical are oxidized to ferric ions [10].
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Fe*" + S,04° — Fe*" + SO/ + S0, (1)

Ferric ion can also react with persulphate ion
generating two sulphate radicals, being reduced to
ferrous ion:

Fe'" + S,04" — 2S04 "+ Fe** )

The sulphate radicals, produced in the above
reactions, can react with water molecules to
generate the highly oxidative hydroxyl radicals:

SO, ' +H,0 —» SO~ +OH +H"  (3)

This cyclic process leads to a continuous
generation of free radicals, which activates the de-
gradation mechanism. To compare the efficiency of
photo-Fenton-like process with the real Fenton
process, the experiments were conducted in the
dark. Only 12 and 4% of BB and BY respectively
were degraded in the dark with Fe*” ions as the ca-
talyst and APS as an oxidant. The complete mine-
ralization could be achieved in 60 and 90 minutes
by photo-Fenton-like process under UV illumination
for BB and BY respectively. This is due to the fact
that Fe*" ions can be oxidized to Fe’" in the presence
of APS even in the dark. But the reverse reduction
process of Fe’" ion is slow and rate determining step
in the dark, which limits the efficiency of the
process. Under UV light, the reverse photoreduction
of Fe’* ions takes place at a faster rate as it is shown
in Equation (4) [5]. The photoreduced Fe* ions can
participate actively in the cyclic Fenton reactions
generating excess oxidative free radicals enhancing
the degradation rate.

Fe*" + hv < Fe** 4

Direct photolysis of the oxidants additionally
contributes to the overall enhancement of the
process.

Effect of pH

The pH of the solution plays a significant role for
the effective mineralization of pollutants by the
Fenton’s reagent. Kang et al. reported that photo-
Fenton process is efficient and can degrade
pollutants effectively only under acidic conditions
[11], since higher pH values are reported to be
unsatisfactory [12]. The degradation of the dye was
carried out in the pH range 1.0—-9.0 by maintaining
constant concentration of Fe’™ ions and APS. At
lower pH 1.0, the degradation rate is reduced due to
the presence of excess H' ions in the solution, which
can act as hydroxyl radicals scavenger according to
Eqn. (5) [13].

H +OH +e¢ — H,0O %)

When the pH of the medium is increased from
1.0 to 3.0 complete mineralization of both dyes was
achieved. This is due to the fact that at pH 3, half of
the iron species exist as Fe*" ions and the other half
as complex ion Fe[OH]*"(H,0)s. Both are dominant
photo active species that possess highest light ab-
sorption coefficient and give high yield of hydroxyl
radicals along with Fe*" ions in the wavelength
range of 280—370 nm [14]. The change in this
optimum pH leads to the decrease in the concen-
tration of Fe[OH]*" complexes and it can also result
in the precipitation of ferrous ion as oxy-hydroxides.
The various photoactive species of iron, formed
under different pH conditions, are Fe[H,0]s"" (pH
1-2), Fe[OH][H,0]5*" (pH 2-3) and Fe[OH],[H,0],"
(pH 3-4) [15]. Beyond this optimum pH (pH = 3),
the degradation rate decreases. This inefficiency at
higher pH values may be due to the instability of
Fe*"/Fe’" ions, since they precipitate as iron oxy-
hydroxide, which reduces the concentration of
hydroxyl radicals in the solution thus affecting the
degradation rate.

Effect of Fe*" dosage

The influence of Fe*" ion on the degradation ki-
netics is investigated by maintaining the other reac-
tion parameters constant. When the concentration of
Fe’" ions is increased from 5 to 15 ppm, due to the
excess generation of hydroxyl radicals the rate
constant of the degradation increases for both dyes
(Tables 1 and 2). With further increase in the con-
centration (30 ppm) the degradation rate decreases.
This is because excess of Fe*™ ions, produced by the
photo reduction of Fe’* ions in the solution, compete
for the hydroxyl radicals along with the dye mole-
cules and act as hydroxyl radical scavenger [13].

Fe*"+ OH — Fe'" + OH™ (6)

The above process reduces the concentration of
hydroxyl radicals in the solution and hence the
degradation rate also decreases. Moreover, it is
better to optimize the photo-Fenton’s process at
lower iron concentration in order to avoid the sludge
production resulting from the iron complexes.

The efficiency of the catalyst is calculated by the
term catalytic efficiency (k.), which is a kinetic
parameter, calculated using Eqn. (7):

k' -k,
c: [F62+]n (7)

Where k. is the catalytic efficiency, &' is the rate
constant of the reaction in the presence of catalyst,
ko is the rate constant of the reaction in the absence
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of catalyst, n is the order of the reaction (n = 1) and
[Fe*] is the concentration of the catalyst used.

Table 1. Rate constant, catalytic efficiency and process
efficiency at different concentrations of Fe** ions for the
degradation of BB.

[Fe*'], Rate constant Catalytic Process
ppm (k) efficiency (k.), efficiency
from ppm "min”' (D),
—log(C/Cy) vs. (x1071%)
timj plO.t,il ppm Einstein™
(x107) min
5 1.1 1.05 16.5
10 1.7 1.67 243
15 0.96 0.94 17.4
20 0.7 0.68 13.3
30 0.52 0.51 9.8
0 (ko) 0.26 -

Table 2. Rate constant, catalytic efficiency and process
efficiency at different concentrations of Fe** ions for the
degradation of BY.

[Fe*], Rate constant Catalytic Process
ppm k) efficiency (k.), efficiency
from —log ppm ' min”’ (D),
(CICy) vs. (x107%
time plot, ppm Einstein™
min”'
5 0.64 0.58 8.4
10 1.12 1.09 16.2
15 0.78 0.76 8.8
20 0.48 0.46 52
30 0.36 0.35 3.6
0 (ko) 0.26 -

The effectiveness of the process is calculated by
process efficiency (®). @ is defined as the change in
concentration divided by the amount of energy in
terms of intensity and exposure of surface area per
unit of time.

p=0"C 8
t.LS ®
C, is the initial concentration of the dye and C is
the concentration at moment ¢ and (Cy—C) denotes
the concentration of the dye degraded in ppm. 7 is
the irradiation intensity [/ = Einstein/m*s = 8.36 x 1
(nm) x Power (Watt)] (where 1 is 370 nm and
Power is 125 W). S denotes the solution irradiated
plane surface area in cm’ and t represents the
irradiation time interval in minutes. The values
obtained for k, k. and @ suggests that the present
experimental conditions, used for the degradation,
are efficient at lower concentration of iron. The rate
constant calculated for the degradation of BB under
optimized conditions is 1.5 times higher than that of
BY degradation. This is due to the presence of four
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bulky aromatic rings and the ethylenic chromo-
phore, which takes longer time interval for complete
mineralization.

Effect of oxidizing agent

The present study investigates the application of
peroxy disulphate (S,0¢”), which is a symmetrical
peroxide and it can be a potential oxidant in the light
induced reaction processes. Persulphate can also
generate free radicals like sulphate and hydroxyl
radicals, which enable free radical mechanism
similar to hydroxyl radical pathways generated in
the classical Fenton’s chemistry. Sulphate radical is
one of the strongest oxidizing species in aqueous
media with an oxidation potential of 2.6 V. It is
inferior only to the hydroxyl free radical, whose
oxidation potential is 2.8 V. When the concentration
of APS was increased from 10 to 20 ppm, the
degradation rate increased (Fig. 2).

1.8—. . —a— BB
L6 \ —0—BY
1,4—- (]

1.2—-

-1

1 o)

1.0 / \

084 o \
0.6

0.4- \
0.2-

0.0 T T T T T T T T T

10 20 30 40 50
Concentration of APS (ppm)

k x 10 min

Fig. 2. Dependence of rate constant on concentration of
APS (ppm) for both BB and BY.

This is due to the generation of excess sulphate
radicals, which in turn can produce higher number
of hydroxyl radicals during reaction with water
molecules (Eqn. (3)). Upon further increase in the
concentration of APS the degradation rate decreases.
The excess hydroxyl radicals generated might
undergo recombination reaction or may take part in
the unwanted reaction pathways:

OH. + OH. — H202 (9)

Further APS generates protons, along with the
hydroxyl radicals, as it is shown in the Eqn. (3).
Since the reaction was carried out in acidic pH
medium, the generated protons further lower the pH
of the reaction medium, which exerts negative effect
on the degradation rate (Eqn. 6). Hence, the rate
constant decreases at higher concentration of APS.
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Effect of hydroxyl radical scavenger

The role of hydroxyl radicals in the degradation
mechanism of the photo-Fenton process is con-
firmed by carrying out the experiment in the
presence of hydroxyl radical scavenger like methyl
alcohol. Methyl alcohol is known to deactivate
hydroxyl radical and its derivatives [10]. Methanol
reacts with hydroxyl radical and to a smaller extent
with hydrogen radical, whose second order rate
constants are 9.7x10° mol "sec”’ and 2.6x10°
mol "sec”!, respectively (Eqns. (10), (11)).

CH3OH + .OH — CH30. + HzO
CH3OH + .H — CH30. + H2

(10)
an

When the concentration of methyl alcohol is
increased from 0.05 to 0.125 M, the rate constant
decreases gradually and then it remains constant
(Fig. 3). This is due to the inability of methyl
alcohol to deactivate sulphate radicals. The sulphate
radical produced in the case of APS shows the
following possible reaction mechanisms in the
process of mineralization: (i) Abstraction of hydro-
gen atom from the saturated carbon. (ii) The former
is capable of adding to the unsaturated compounds.
(iii) It can remove an electron from anions and
neutral molecules [10, 16]. This provides evidence
for the role of hydroxyl radical in the photo-
degradation process.

GC-MS analysis

Degradation of BB. The BB solution containing
Fe*" ions and APS on UV irradiation for 15 minutes
showed two m/z peaks at 229 and 125 corres-
ponding to the formation of 2-amino-4,4'-dihydro-
xyazobenzene (1) and 4-aminocatechol (2). This
suggests that the degradation of BB proceeds
through the cleavage of one azo group and the
hydroxylation of a terminal amine group (-NH,).
The solution after 30 minutes of irradiation shows
two m/z peaks of 110 and 142 due to the formation
of hydroquinone (3) and 1,2,4-benzenetriol (4). The
attack of hydroxyl radical on the site of C—N bond
and substitution of -NH, by —OH group in the
intermediate (1) leads to the formation of (3) and
(4). The intermediate (2) can also result in (4) upon
the replacement of -NH, group by —OH. After 45
minutes of illumination, the mass spectra showed
m/z peaks at 108 and 78 of high intensity due to the
formation of p-benzoquinone (5) and benzene (6).
The subsequent dehydroxylation of intermediates
(3) and (4) can result in the formation of benzene
(6). The oxidation of intermediates (3) results in
compound (5). The other peaks of lower intensity
101, 94, 74, 56 and 43 were not accounted. After 60

minutes, no characteristic m/z peak of any func-
tional group appeared, which confirms the complete
mineralization.

1.8+

—=—BB
—0—BY

k x 10” min™
=
1

O

O

O

0.4

T T T T T T T T T
0.00 0.05 0.10 0.15 0.20
Concentration of MeOH (M)

Fig. 3. Dependence of rate constant on concentration of
MeOH (Molar) for both BB and BY.

Degradation of BY. The BY solution containing
Fe*" ions and APS on UV irradiation for 30 minutes
showed m/z peaks at 244 and 110, corresponding to
the formation of 2.4,2' 4'-tetrahydroxy stilbene (7)
and hydroquinone (8). This indicates that the initial
mechanism in the degradation of BY involves the
cleavage of two azo groups since the C-N bond is
more susceptible to free radicals attack, compared to
the C-C bond. The sulphonate group moiety might
be eliminated as sulphuric acid. After 60 minutes of
irradiation, m/z peaks at 154, 138 and 94 appear
which correspond to the formation of 2,4-dihydroxy
benzoic acid (9), 2,4-dihydroxy bezaldehyde (10)
and phenol (11). This suggests that the degradation
at the later stages involves the oxidation of ethylenic
chromophore to aldehyde and carboxylic acid
respectively. The dehydroxylation of intermediate
(8) results in compound (11). After 75 minutes of
irradiation mass spectra showed intense m/z peak at
78 corresponding to the formation of benzene (12).
The loss of substituent groups in the intermediates
(9), (10) and (11) might result in the formation of
benzene as it is shown in Scheme 2. At 90 minutes
of UV irradiation, no characteristic peaks are
observed in mass spectra confirming the complete
mineralization of BY.

CONCLUSION

The degradation of two diazo dyes BB and BY
was carried out using photo-Fenton-like process
under acidic pH 3 and optimum conditions of the
experiment. The rate constant, catalytic efficiency
and process efficiency for both degradation
processes have been calculated. The decrease in the
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rate constant in the presence of methanol confirmed
the role of hydroxyl radicals in the degradation
mechanism. The degradation was followed by GC-
MS technique. The results show that the initial step
in the degradation of BB involves direct oxidation
of azo chromophore, while in the case of BY, the
oxidation of the azo group is followed by oxidation
of ethylenic chromophore. A probable degradation
mechanism has been proposed based on the
obtained intermediates.
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MEXAHU3BM HA ®OTOXMMUYHO PA3JIAI'AHE HA JIUA3OBAI'PUJIA
10 PEAKLIMA HA ®EHTHH: BJIMSHUE HA PA3JIMYHU PEAKIITMOHHU ITAPAMETPU
BBHPXY KMHETUKATA HA PA3JIATAHE

JI.T. Hden, K. C. A. Pamxy, K. E. Papxamexkap, C. I'. Kymap

Henapmamenm no xumus, Konesc [-p b. P. Ambedxap Beeou, Ynusepcumem na baneanop, baneanop 560001, Hnousa

IMoctbnuia Ha 19 sHyapu 2009 r.; IlpepaGotena Ha 7 mait 2009 .

(Pesrome)

M3cnensano e GOTOXMMHUYHO paziaraHe Ha auazobarpuia bpuisatHo xbato (BY) u bucmapkoso xadsso (BB) mo
peakimsita Ha PentsH Fe’'/amonnes nepcyngar (APS) B kucena cpena. IIpeacraBeHo € BIMSHHETO HAa PasliuuHU
peaKIMoHHE mapametpu kato pH, kowrentpaumst Ha Fe’'/APS, CTPYKTypa Ha OarpmioTro u e(exra OT yJaBsHE Ha
panukanuTe BBPXY KMHETHKara Ha pasnaraHe. OmnpenelieHM ca CKOpPOCTHaTa KoHCTaHTa (k), KaTaJUTHYHATa
edextuHOCT (k) M edeKTHBHOCTTA Ha mpomeca (P) mpu pasTHuHK KoHueHTparmu Ha Fe’' iomn. Hamepewo e, ue
BucmapkoBo kadseo (BB) ce pasmara ¢ mo-ronsiMa ckopoct ot Bpuisitho xbato (BY). [IporecsT Ha pasnaraHe e
M3CTENBaH C ra3oBa Xpomarorpadus M MacCIeKTpaleH aHanu3. Pe3ynraTure MOKa3BaT, 4e HAYaHHUS CTAaui B
pasnarasero Ha (BB) BriIrOUBa mpsiko OKUCIEHHE OT a30Xxpomodopa nokaTo npu BY HayamHHUAT CTaiuii € OKUCIICHHUE
Ha a30-rpymara IOCIEeIBaHO OT OKHUCIEHHE Ha eTwieHoBHs Xxpomodop. I[IpemiokeH e BeposTCH MEXaHW3BM Ha
pasnaraHe Ha OCHOBATa Ha MOJYYCHHTE MEXIUHHHU MPO3yKTU. Pesynrarute mokas3pat, ye (pOTOXUMUYHUSI MPOLEC MO
peakuusita Ha DEeHTHH MOXe Aa Obje Mmoyie3Ha U eUKacHA TEXHOJIOTHS 32 MHHEpAIM3allis Ha Jua3o0arpuiia mpu

HHCKH KOHICHTPAIUHU Ha XEJIA30 B KUCEJIa Cpeaa.
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Analysis of oxycellulose obtained by partial oxidation with different reagents
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The object of the present work was to study the possibilities for activating of dressings of cellulose and synthetic
fibre by a partial oxidation with sodium hypochlorite, hydrogen peroxide and sodium periodate and to investigate the
effect of the reaction parameters on the quantitative content of aldehyde groups in the obtained product.

Textile dressings of cellulose and synthetic fiber were treated with oxidizing solutions of sodium hypochlorite,
hydrogen peroxide and sodium periodate with an aim to modify the material and form aldehyde groups in the cellulose
molecule. The highest values of the copper number and content of aldehyde groups indexes were obtained for pure
cellulose treated with sodium periodate solutions. The obtained textile materials could be used as carriers for
immobilization of proteolytic enzymes to achieve a biologically active dressing.

Key words: cellulose, copper number, aldehyde groups, oxidation, dressings.

INTRODUCTION

Cellulose, probably the most abundant biopo-
lymer in the world, is present in all higher plants
and exists in its purest form in cotton fiber. The
materials of natural cellulose fibre still have a major
application in medicine as conventional linters and
textile dressings that provide for a passive pro-
tection of wounds and have a number of advantages:
mechanical strength, high absorption capacity,
accessibility with respect to sources and price, good
physiological endurance and others. The disad-
vantages that are known: adhering to the wound sur-
face and injuring of the newly formed epithelium
when changing the dressings, lack of therapeutic
effect for stimulation of the wound healing process,
lack of hemostatic and antibacterial action, can be
eliminated by structural or chemical modification of
the cellulose materials.

The modification of the cellulose materials
allows the obtaining of new products from natural
cellulose materials. An example of a structural
modification is the microcrystalline cellulose widely
applied in the food and pharmaceutical industries.
Variety of products with different properties and
application can be obtained by chemical modi-
fication of the cellulose — nitro derivatives, cellulose
esters, acetates, xanthogenates and others. The di-
ethylaminoethylcellulose (DEAE-cellulose) and the
carboxymethylcellulose (CMC) are widely used in
the laboratory practice as ion-exchange substances.

* To whom all correspondence should be sent:
E-mail: svetla.diankova@jikht.bg

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

In the case of dressings, a certain percentage of
functional groups can be introduced by chemical
modification, without disruption of the fibre
structure and with preservation of the basic struc-
tural-mechanical properties and characteristics of
the material. The activated textile materials are fit to
be used as carriers of different biologically active
components - enzymes, stimulators of the regene-
ration and epithelization or antibacterial agents [3,
11]. In such a way, the conventional dressings
acquire new properties and as a result of this they
effectively improve the wound microenvironment
and create favourable healing conditions [12]. The
immobilization of proteolytic enzymes, (trypsin,
chymotrypsin, collagenases, lysozyme, plasmin,
papain, bromeline, microbial proteases and others)
on the dressing material has a favourable effect for
debridement of the wounds [2, 4]. There are differ-
rent methods for immobilization of the enzymes on
cellulose or its derivatives: adsorption on cellulose
derivatives with ion-exchange properties (e.g.
DEAE-cellulose); formation of chelate complexes
with cellulose or cellulose derivatives, activated by
metal ions; covalent connection [1]. The activating
of the carrier prior to the covalent bonding
immobilization can be realized in different ways:
interaction of the cellulose with cyanogen bromide,
through glutaraldehyde and aminoethylcellulose; by
using of triazine method; by azide method with
carboxymethylcellulose, and others.

In view of its chemical structure the cellulose
represents f-1,4-D-glucan. The native cellulose is a
typical linear homopolysaccharide consisting [-
(1>4) linked D-glucose units n (Fig. 1). In the
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native fibres n is from 10 000 to 14 000 and in the
purified cellulose it is from 1000 to 3000. The poly-
anhydroglucose chain is sensitive to certain influ-
ences and it is partially interrupted in the process of
purification. A multitude of hydrogen bond con-
nections between the separate polymer chains in the
cellulose fibrils determines the high stability, tensile
strength and low solubility of the cellulose.

OH OH
OH OH
HO Q HO Q
o o o
0 HO 9 HO!
Ho OH o n OH

Fig. 1. Chemical structure of cellulose.

The cellulose content in the cotton fibres is
90—-98%. After purifying, defatting, bleaching and
deviling the raw material a product with all the basic
properties of cellulose is obtained, the most
important property, with an application in medicine,
being its great hygroscopic capacity. The cotton can
absorb water and liquids exceeding several times its
own weight that justifies its usage as a dressing
material and styptic for small wounds. The cotton-
based dressings drain the wound, absorb toxins,
protect the wound surface from infection and
prevent the unnecessary loss of moisture, and after
chemical modification and activation, they can serve
as carriers of biologically active substances. The
choice of the method of activation depends on the
structure and the texture of the material, thickness
and number of the filament doublings, textile
density and other factors.

The partial oxidation of the hydroxyl groups is
one of the most widely used methods for activation
of cellulose materials. In the process of oxidation
aldehyde, ketone and carboxyl groups can be
formed, depending on the nature of the oxidizer and
the parameters of the process. The sodium hypo-
chlorite, for example, is a non-specific oxidizer and
the relative content of the obtained aldehyde, ketone
and carboxyl groups depends on pH of the reaction
medium [6]. The chloric acid oxidizes the aldehyde
groups to carboxyl, with no impact on the hydroxyl
groups, while the selective oxidation using nitrogen
(IV) oxyde gives carboxyl group at C6. The
oxidizing effect of the hydrogen peroxide on
cellulose is comparatively weaker, but still induces a
transformation of part of the cellulose molecules
into oxycellulose [10]. The alkaline salts of the
periodic acid oxidize specifically the cellulose
through a disruption of the glucopyranose ring at
C2-C3 position forming two aldehyde groups per
monomer unit [2]. A highly reactive product —
dialdehyde cellulose is obtained. However, the

392

introducing of a higher percentage of aldehyde
groups in C2-C3 position increases the propensity to
hydrolysis in an alkaline medium and decreases the
degree of polymerization of the cellulose molecules

(Fig. 2).

CH,OH CH,0H

) i ) 0mem
OH H 104! }/
-0 H --0 H
N
H OH n H H n
cellulose dialdehydecellulose

Fig. 2. Obtaining of dialdehyde cellulose.

Activated textile and other cellulose materials,
containing aldehyde groups, have been used as
carriers for covalent immobilization of biologically
active components, incl. enzymes [3]. It has been
assumed that the forming of covalent bond occurs
between the aldehyde groups and the amino groups
of the polypeptide chain.

The object of the present work was to study the
possibilities for activating of dressings of cellulose
and synthetic fibre, by oxidation with sodium hypo-
chlorite, hydrogen peroxide or sodium periodate and
to investigate the effect of the reaction parameters
on the content of reactive aldehyde groups in the
obtained product.

EXPERIMENTAL

Materials

Experiments with three types of textiles were
carried out: gauze compresses and knitted bandage,
containing pure cotton fibres and unwoven textile of
viscose/polyester. All reagents and chemicals used
were of p.a. quality (Merck).

Activation of the textile carriers

The textile materials were preliminary treated
with a 14% NaOH solution. Sodium periodate,
sodium hypochlorite in slightly acidic or alkaline
solutions, and hydrogen peroxyde (Table 1) were
used as activating agents.

Analyses of the activated textile

Spectrophotometric determination of copper
number. Method according to Chai X. et al. [5].
Copper number is commonly defined as the number
of grams of metallic copper (as Cu,O) resulting
from the reduction of CuSO4 by 100 g of the
cellulose fibres. The method is based on the reaction
between reducing groups (mainly CHO) in the
cellulose molecule and copper ions (Cu®").



Table 1. Options of treatment of textile materials.
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No Activating agent Parameters
Concentration pH Temperature, °C Time, h

I Sodium hypochlorite solution 2 mg Cl/ml 9.0 20 24
Sodium hypochlorite solution 5 mg Cl/ml 9.0 20 24
Sodium hypochlorite solution 11 mg Cl/ml 9.0 20 24
I Sodium hypochlorite solution 2 mg Cl/ml 5.5 20 24
Sodium hypochlorite solution 3 mg Cl/ml 5.5 20 24
Sodium hypochlorite solution 5 mg Cl/ml 5.5 20 24
I Hydrogen peroxyde solution 4.0% 9.5 90 24
Hydrogen peroxyde solution 8.0% 9.5 90 24
Hydrogen peroxyde solution 12.0% 9.5 90 24
v Sodium periodate solution 0.5% 3.0 20 7
Sodium periodate solution 0.5% 3.0 20 24
Sodium periodate solution 0.5% 3.0 20 42

Content of aldehyde groups in the oxidized cel-
lulose — lodometric method (according to TAPPI,
7430). The method is based on the oxidation of
aldehyde groups to carboxyl groups by iodine in
alkaline media. In order to achieve a specificity of
the reaction it is necessary to use a buffer solution
with pH 9.3 t0 9.5.

RESULTS AND DISCUSSION

The preliminary treatment of the textile materials
with 14% sodium hydroxide solution results in
hydrating and swelling of the cellulose fibres, which
helps the oxidizing interaction of the material with
the activating agent. Solutions of sodium hypo-
chlorite, hydrogen peroxide and sodium periodate
were used as activated agents. The technological
parameters of the process and the oxidizer con-
centrations were varied in 4 sample series (Table 1).

The rate of oxidation of the experimental series
activated textile and the content of the introduced
aldehyde groups were analyzed in two ways:
through spectrophotometric determination of copper
number and by iodometric titration of the free
aldehyde groups.

There are different methods for determining of
carbonyl groups and parts of them are based on
chemical reactions: oxidation, reduction and con-
densation. The oxidation by solutions of chlorous
acid and iodine allows determining only the
aldehyde groups in oxycellulose. The ketone groups
do not react under these conditions. Under the
reaction conditions mentioned in the Experimental
section, the iodometric method is specific for
aldehyde groups and it can be used for quantitative
determination in oxycellose products.

In Tables 2-5 the experimentally established data
of copper number and aldehyde groups content are
shown for each separate type of textile material,
after treating by the respective oxidizer.

It is known, that the copper number for the
purified cotton is below 0.4—0.5. From the results in
Tables 2 and 3 it is seen, that after a partial
oxidation by sodium hypochlorite in acidic media,
this index increases up to 18.93. The applied oxi-
dizers (sodium hypochlorite and hydrogen peroxide)
transform part of the hydroxyl groups in the
cellulose fibres into carbonyl groups (aldehydes or
ketones). In contrast to the sodium hypochlorite and
the hydrogen peroxide, the sodium periodate is a
strongly specific oxidizer for the cellulose that
disrupts the glucopyranose ring at C2-C3 position
and forms two aldehyde groups per monomer unit
(Fig. 2). Because of this reason, the values for
copper number in this series are higher and reach up
to 24.74. The reaction intensity and the degree of
oxidation depend on the type of the reagent and the
parameters of the process.

Higher values of copper number are accounted
for gauze compresses and knitted bandages, which
are made of cellulose fibres. The results, obtained
for unwoven textile, which contains a mixture of
regenerated cellulose (viscose) and synthetic fibres,
are much lower. In spite of the identical chemical
composition, there are differences in the physical
structure (degree of polymerization, location and
orientation of the macromolecules) and in the
physical-mechanical properties of the textile fibres
from natural and regenerated cellulose. These dif-
ferences appear also on the electronic microscope
photos (Fig. 4).

In unwoven textile, the percentage of the cellu-
lose component is much lower than that in the other
investigated textile materials. These are the reasons
that can explain the considerably weaker interaction
of this material with all applied oxidizers.

The results in Table 2 and Table 3 show that the
reaction of cellulose with sodium hypochlorite is
strongly influenced by the pH. At the same con-
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centration of free chlorine — 5.0 mg/ml, the copper
number of the samples of cotton gauze increases
from 3.53 (pH 9.0) to 18.93 (pH 5.5), i.e. the
content of reducing groups in oxycellulose, obtained
by oxidation in slightly acidic medium, is higher.

b

Fig. 4. Structure of textile fibers SEM: a - cotton;
b - viscose.

Similar conclusions have been reached by Nevell
and Singh who have also established that the
reaction of hypochlorite oxidation of cellulose is
influenced to the greatest extent by pH, than by the
duration of the process [8].

The results from the analysis of the samples,
treated by solutions of hydrogen peroxide in
alkaline media are presented in Table 4. The copper
number is much lower compared to the samples
oxidized by sodium hypochlorite. The hydrogen
peroxide is a non-specific oxidizer that attacks a lot
of organic compounds and it is widely applied in the
textile industry as a bleaching agent. Levin and
Ettinger have studied the reaction between H,0, and
purified cotton fibres [7]. They have observed the
action of the hydrogen peroxide in relation to pH
and have established that in alkaline solutions a
perhydroxyl radical is formed that oxidizes part of
the hydroxyl groups at position C2 or C3. The
obtained oxycellulose contains aldehyde and ketone
groups, which are in B-position with respect to the
glycoside bond.

Table 2. Copper number (g/100 g) and aldehyde groups (mmol/100 g) with different kinds of textile materials —

oxidizer sodium hypochlorite, pH 9.0.

NaClO (pH 9.0) Gauze compress Knitted bandage Unwoven textile
concentration
Cu number CHO Cu number CHO Cu number CHO
g/100 g mmol/100 g g/100 g mmol/100 g g/100 g mmol/100 g
2 mg Cl /ml 2.78 £0.24 2.83+0.07 0.47 £ 0.034 1.44 £ 0.09 0.209 +0.019 0.05+0
5 mg Cl/ml 3.53£0.46 3.62£0.12 1.44+£0.072 2.10£0.26 0.83 £ 0.027 0.11+0
11 mg Cl /ml 5.67+0.53 5.86£0.18 4.14 £ 0.065 424 +£0.21 1.09 +0.033 0.12+0.01

Table 3. Copper number (g/100 g) and aldehyde groups (mmol/100 g) with different kinds of textile materials —

oxidizer sodium hypochlorite, pH 5.5.

NaClO (pH 5.5) Gauze compress Knitted bandage Unwoven textile
concentration
Cu number CHO Cu number CHO Cu number CHO
g/100 g mmol/100 g g/100 g mmol/100 g g/100 g mmol/100g
2 mg Cl /ml 3.309 +£0.53 4.52+0.08 3.020 +0.032 3.97+0.11 0.170 £ 0.02 0.06 +0.01
3 mg Cl/ml 11.910 +0.72 8.97 +£0.22 9.980 + 0.045 8.48 £0.18 0.960 +0.012 0.09 +£0.01
5 mg Cl /ml 18.930+0.36  16.14+0.13 17.050 +0.48 15.14+£0.12 1.20 £0.042 0.17+0.01

Table 4. Copper number (g/100 g) and aldehyde groups (mmol/100 g) with different kinds of textile materials —

oxidizer hydrogen peroxyde, pH 9.5.

H,0, (pH 9.5) Gauze compress Knitted bandage Unwoven textile
concentration
Cu number CHO Cu number CHO Cu number CHO
g/100 g mmol/100 g g/100 g mmol/100 g g/100 g mmol/100 g
4.0% 0.779 £ 0.046 1.0 £0.07 0.810 £ 0.067 0.86 £0.03 0.091 £0.03 0
8.0% 1.588+£0.019 1.28 £0.03 1.705 £ 0.057 1.24 £0.06 0.611+0.019 0
12.0% 1.068 +0.038 1.66 £ 0.17 0.98 +0.028 1.62+0.07 0.207 £ 0.024 0.14+0.01
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Table 5. Copper number (g/100 g) and aldehyde groups (mmol/100 g) with different kinds of textile materials —

oxidizer sodium periodate.

NalO, Gauze compress Knitted bandage Unwoven textile
H 3.0
g)me 13 Cu number CHO Cu number CHO Cu number CHO
’ /100 g mmol/100 g g/100 g mmol/100 g g/100 g mmol/100 g
7 10.11 +£0.30 36.20 £ 1.07 9.20+0.23 33.82+0.9 0.53 £0.021 1.16 £0.01
24 16.54 £ 0.11 4382 +0.44 1541 +0.29 40.39+£0.3 0.96 +£0.015 1.45+£0.02
42 24.74 +0.30 51.31+0.18 23.84 +£0.51 49.17+1.24 1.7 +0.031 2.34£0.01

In the process of oxidation, the content of the
ketone groups increases more rapidly, compared to
the aldehyde and carboxyl groups, and the product
of cotton oxidation at pH 9.5 is ketocellulose.
According to Lewin and Ettinger the forming of
ketone groups occurs predominantly at C3 atom of
the anhydroglucoside monomer. The rate of
oxidative interaction between the cellulose and the
hydrogen peroxide is lower than 10%, while for the
sodium hypochlorite it reaches up to 40%.

The weaker interaction, as well as the forming of
predominantly ketone groups, explains the lower
values for copper number in the third group of
samples.

The copper number is highest for cellulose
oxidized by sodium periodate (Table 5), which can
be explained by the mechanism of the oxidation
reaction and forming of two aldehyde groups per
monomer unit (Fig. 3).

H,OH

H faci
+Ho, __ft

fast

Fig. 3. Mechanism of the reaction of cellulose with

sodium periodate.

It is assumed that concentrations of sodium
periodate above 0.1 M lead to a much higher degree
of cellulose oxidation, to a decrease of the stability
of the glycoside connections and respectively to a
deterioration of the structural and sorption charac-
teristics of the tissue. For that reason we used
sodium periodate with concentration 0.025 M with
the purpose to achieve a partial oxidation of
cellulose and to form reactive aldehyde groups
without destructive changes. The copper number
increases upon increasing the duration of the

process at one and the same concentration of sodium
periodate and pH.

The results, obtained for the content of aldehyde
groups in the samples, correlate with the values for
copper number. The aldehyde groups introduced in-
to cellulose molecule have a capacity to interact
with free groups of enzymes and other biologically
active substances, thus achieving an immobilization
of the biological component on the textile carrier.

According to literature data, the presence of reac-
tive aldehyde groups with content from 0.06 to 3.1
mg/g textile allows the achievement of a covalent
immobilization of collagenase on cellulose carrier.
Immobilization of trypsin or alkaline protease has
been carried out by similar methods [2—4].

CONCLUSION

Textile materials of cellulose and synthetic fibres
can be activated by oxidation with solutions of
sodium hypochlorite, hydrogen peroxide and sodium
periodate, thus introducing reactive aldehyde groups
into them. From the investigated textile materials,
highest content of aldehyde groups was established
for the samples, containing pure cellulose and those
treated by sodium periodate. The obtained activated
textile materials are appropriate as carriers for
immobilization of proteolytic enzymes with the aim
to achieve a biologically active wound dressing.
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OXAPAKTEPU3NPAHE HA OKCHULIEJIYJIO3A TIOJIYUEHA CJIEJL YACTUYHO OKNCJIEHUE
C PA3JIMYHU PEATEHTU

Cs. M. [lsukoBa*, M. JI. JloneBa
Hncmumym no kpuobuonozus u xpanumenuu mexuoaozuu, oyia. ,, Yepru epvx“ Ne 53, 1407 Cogus

[Moctbnuina Ha 24 ¢espyapu 2009 r.; IIpepaborena na 21 anpun 2009 r.
(Pesrome)

LenTa Ha HacTosmaTa paboTa O na ce IMpoydyaT BB3MOXKHOCTHTE 32 aKTHBHPaHE Ha NMPEBbP30YHH MATEpPHAIN OT
LIEJTYJIO3HN ¥ CHHTETHYHH BJIAKHA, Ype3 YACTHYHO OKUCIICHNE C HATPHEB XUIOXIJIOPHUT, BOJOPOAEH IIEPOKCH]] I HATPHEB
nepiofaT M Ja ce H3CNEABa BIMSIHUETO HAa MapaMeTPUTE Ha PEaKUuATa BBPXY KOJIMYECTBEHOTO CHIbP)KAHHE Ha
PEaKIMOHHOCIIOCOOH! aIAEXUAHU IPYNHU B MOTY4YEHHS IPOIYKT.

TekcTHUIHM TPEeBbP30YHM MAaTEpPHAIM OT ILENYJIO3HM W CHHTCTUYHM BJIaKHA OsXa TPETHPaHM C pa3TBOPH Ha
OKHCJINTEJIH: HATPHEB XMUIIOXJIOPUT, BOJOPOJICH NEPOKCUJL U HATPUEB MEpHoJarT, ¢ 11e1 MoJudUIpaHe Ha MaTepraia u
(dopMupaHe pPEaKIMOHHOCIOCOOHM alJexXuJHH TIpylyd B Ieylo3Harta Mojiekyna. Hal-BHCOKM CTOWHOCTH Ha
NOKa3aTeJIuTe MEJHO YHCIO M ChIbp)KAHWE Ha alJIEXWJHU TPynu Oe OTYeTeHO Npu NpoOuTe, ChIAbPIKAIIM YUCTa
Liesy03a 1 o0paboTeHn ¢ pa3TBOpM Ha HaTpueB nepitopar. IlonyueHWTe aKTHBHpaHM TEKCTWJIHH MaTepHanu Omxa
MOTJIM Jia C€ M3IMOJ3BAaT KaTo HOCHUTENM 3a MMOOMJIM3alus Ha NPOTEONIUTHYHM EH3UMH C IIeJ NOoJIydYaBaHe Ha
OMOJIOTHYHO aKTHBHO MPEBBP30THO CPEACTBO.
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Synthesis and characterization of carbon foam by low pressure foaming process
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Carbon foams with anisotropic texture and good mechanical strength were obtained, using coal tar pitch modified by
thermal oxidation treatment with H,SO,4. The investigations on the relation between precursor properties and structure
of obtained foam show that the composition and softening point of the pitch precursor significantly affect the foaming
process and foam structure. The mechanical strength of carbon foam is found to be related not only to the foam cell
structure, but also to the composition of the foaming precursors.

The compositions of the modified and synthetic pitches allow foam formation at relatively low pressure and fast
heating of the precursor during foaming process without any stabilization treatment.

Key words: carbon foam, coal tar pitch, optical microscopy, SEM, mechanical properties.

INTRODUCTION

Carbon foam is a sponge-like carbon material,
representing cellular ligament microstructure, and it
is distinguished by certain features, such as light
weight, high temperature tolerance in inert atom-
sphere, high strength, large external surface area and
adjustable thermal and electrical conductivity. As
new materials carbon foams have essential advant-
ages, such as low cost, enhanced structural proper-
ties, fire resistance, radar cross-section, corrosion
susceptibility.

These unique properties, which mainly depend
on the precursors’ features and synthesis conditions,
make carbon foams ultra-high performance engi-
neering materials, and determine their many
potential applications in numerous industries [1, 2]:
shipbuilding — living space modules, above deck
structures, bulkheads; aerospace — aerospace struc-
tures, optical benches and lightweight mirrors,
rocket nozzles and motors, thermal protection
systems, composite tooling, heat transfer systems,
radar adsorbing and antennae systems; energy — fuel
cells, battery electrodes, nuclear shields, rods for
nuclear reactors; automotive catalytic converters,
brakes, bumpers; defense-related — insensitive muni-
tions, shields and body lightweight armor; medical —
bone surgery material, tooth implants; architecture —
insulation, fire-proof blocks, shields and coatings,

safe rooms, heating and cooling units; abrasives —
for polishing of glass and metals, for paint removal,
in cosmetics; filters for hazardous conditions;
electronics — processor radiators, radio frequency
shields. Carbon foam is used as a core to build
fireproof radio frequency sheltered composite struc-
tures with superior lightning protection [2].

Klett et al. [3] have synthesized carbon foam
sample with specific thermal conductivity about 6
times greater than that of Cu and approximately 5
times greater than that of Al — it is possible to use it
in CPU coolers and heat sinks.

Due to their distinctive physical and high-
temperature properties, carbon foams appear to be
ideal materials for advanced thermal protection
systems. Carbon foams, as well as other carbon and
graphite materials, have high emissivity, low coef-
ficient of thermal expansion, and they are self-
supporting in low and high temperature regimes [1].
In the absence of oxygen these materials can be
heated up to about 3000°C without melting or
softening and they have high thermal shock
resistance and dimensional stability [2]. These
characteristics permit utilization of both thermal
insulating and conducting properties, respectively,
within a thermal management system [3—6]. Thus
specific carbon foam is a component of the thermal
protection used on the solid rocket booster of the
Space Shuttle [2].
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Carbon foams are excellent materials for acoustic
absorbing applications in the shipbuilding, aero-
space, and automotive industries. Carbon foam
absorbs almost 100% of sound waves, depending on
their frequency [2]. Pore structure of carbonized
foams had a darkroom effect on microwave absorb-
ability, which made the carbon foams a promising
radar absorber [7, 8]. They are used for advanced
radar antenna construction, due to their specific
physical (very important - stable towards vibrations)
and electrical properties. Carbon foam can be manu-
factured with desired electrical resistance, dielectric
constant, and radar reflection coefficient. The
material can be produced with physical dimensions
suitable for antenna assembly [2, 7].

Carbon foam, due to its unique combination of
high compressive strength and considerable impact
absorption capacity, is an attractive material for
enhanced performance bumper systems. At the same
time, carbon foam is a good material for the
construction of advanced electrodes because of its
large surface area, high electrical conductivity, and
chemically inertness. Additionally, carbon foam can
be readily coated with a number of active materials
to form either anode or cathode [2, 9].

Carbon foam is relatively inert even at high
temperatures and radiation — it is an ideal candidate
for use as a filter for filtration of aggressive solvents
and molten metals [2], as well as nuclear shields and
rods for nuclear reactors [1, 2, 10]. The inertness
and mechanical strength of carbon foam makes it
also suitable for bone surgery material, prosthetics,
tooth implants [1, 2, 11, 12]. Some researchers and
engineers consider carbon foam to be one of the
next-generation material systems and components —
maybe soon carbon foam is going to replace some
of the conventional materials such as wood,
ceramics, plastics, glass, rubber, metals [2, 13].

Initially, carbon foam was fabricated by carbo-
nization of polymeric foam [14-21]. The develop-
ment of carbon foam on the basis of coal tar pitch
[22-24], petroleum pitch [22, 23, 25], synthetic
pitch from organics [3, 4, 23, 26-31] or biomass —
melanine [9], cork [32], olive stones [33], and raw
coal [22, 34-36] — provides an economical way for
the production of lightweight carbon material. The
effect of the precursor on structure and properties of
the obtained foam is of great importance and it is
under extensive investigations [3, 21]. The proper-
ties of synthetic pitch can be adjusted to obtain
suitable foaming precursor, which can be foamed
directly without any pretreatment. The commercial
coal tar pitch needs to be pretreated before foaming.
The major problem is that its plastic properties
usually do not meet the foaming process require-
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ments for precursors. The well known pretreatments
are air blow and thermal treatment in order to
control the viscosity and degree of anisotropy of the
foaming precursors [37-39].

When starting material is mesophase pitch, the
final product is carbon foam with cellular graphitic
ligament microstructure, similar to that in high-tech
carbon fibers [1, 3, 26, 27, 40-44], ensuring iso-
tropic material properties — high stiffness and high
thermal conductivity graphitic foams [43, 45].

Therefore for preparation of high-strength struc-
tural carbon foam the desired foaming precursor
should be isotropic in nature. On the contrary for the
highly thermal and electrical conductive carbon
foam, an anisotropic pitch precursor is required [45—
55]. Pitch based carbon foam can be either mecha-
nically strong foam or highly conductive.

The aim of the present investigations is to adjust
by appropriate modification the composition and the
properties of commercial coal tar pitch. The subject
of this paper is developing of carbon foams from
modified coal tar pitches using relatively simple and
low pressure process without any stabilization step.
The foaming process of pitch-based carbon foam,
the pretreatment of the precursors, and the proper-
ties of resultant foams are discussed in this paper.

EXPERIMENTAL
Foaming precursors and pretreatment

Most petroleum and coal-derived pitches need to
be pretreated (under various conditions — with
different chemical reagents and temperature
regimes) before foaming. The plastic properties of
these precursors usually do not meet the foaming
process requirements. The pretreatments usually
involve the polymerization/condensation of pitch by
thermal treatment in order to control the viscosity of
the foaming precursors.

The precursors used in this work include pitches
obtained after thermal oxidation treatment with
H,SO, (at 120°C) of commercial coal tar pitch.
Details of the thermal oxidation treatment process
are available elsewhere [37].

Precursor characterization

An exhaustive extraction is carried out
consecutively by Soxhlet apparatus with petroleum
ether to extract maltenes and with toluene to extract
asphaltenes. After distilling off the solvent the
extracts were dried in vacuum and separated as it is
shown elsewhere [37].

The elemental analysis was performed on Carlo
Erba 1106-type equipment for C, H and N content.
Sulphur content was determined by Eshka’s method
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[56]. Oxygen was determined by the difference.

Softening point of pitches are determined by the
Ring and Ball’s method using stainless steel balls of
diameter 20 mm. For each measurement an average
of three readings is taken. The variation is found to
be within £4°C.

Foaming method

Foaming was carried out in a stainless steel
pressure vessel by heating the pitch precursor up to
500°C in a N, atmosphere at pressure up to 1 MPa.
The resultant “green” foams were calcinated at
1000°C in N, atmosphere to increase the mechanical
strength and to remove further the volatiles.

Foam characterization

Bulk porosity. Both apparent and true densities
were measured to determine the bulk porosity of the
sample. The apparent density was determined based
on the values of the weight and the volume — the
latter was calculated using sample dimensions. The
true density was measured using a helium gas
displacement pycnometer type 1305 Micromeritics”.
The porosity was calculated using an expression:

P(%) = 100x((p = pa)/(p0) (1

where P is the porosity, p; and p, are the true and
apparent densities of the sample respectively.
Ultrasonic velocity and dynamic elastic modulus.
In samples with pores in the Inm —100 pm range,
the acoustic wavelengths for frequencies up to about
20 MHz are considerably larger than the pore
diameters [57]. Since scattering of ultrasonic waves
on pores as defects does not occur at the above
frequencies, carbon foams studied may be treated as
homogeneous materials in this frequency range and
the following equation can be applied to the
determination of dynamic elastic moduli [57]:

E=pV (2)

where v is the velocity of the stress wave propa-
gation through a homogeneous material, £ — the
dynamic elastic modulus and p — the density of the
material.

The dynamic elastic moduli for three mutually
perpendicular directions (along the three coordinate
axes of a sample) were determined using an ultra-
sonic velocity measurements. The velocity of longi-
tudinal ultrasonic wave of 100 kHz frequency was
measured along every one of the three basic axes of
monolithic cube-formed sample using an ultrasonic
tester (Tester CT1, Unipan-Ultrasonic, Poland)
based on the pulse transmission method. The ultra-
sonic tester serves to determine the time interval of
transition of ultrasonic wave throughout a sample.

Velocity was derived from the transition time inter-
val (7) and length of path, i.e., thickness of a sample,
measured with a slide caliper. Elastic anisotropy
was cal-culated from a relationship Viax/Vinin , Where
Vmax 18 the maximal value among the three velocity
values determined for the three mutually
perpendicular directions of a cube-formed sample.

Optical parameters. Optical texture and reflect-
ance values of carbon foams were determined with a
reflected light microscope Axioskop MPM 200
(Opton-Zeiss, Germany), using monochromatic
linearly polarized light with A = 546 nm, in air.
Maximum reflectance (R,.) values were auto-
matically measured during rotation of the micro-
scopic stage in several points (15-25), each in
various locations on the sample.

RESULTS AND DISCUSSION
Foaming procedure

A lot of factors influence the foaming process,
but temperature and pressure are the most critical
aspects of the process [3, 13, 27, 29, 54, 55].
Pressure and pressure drop time influence pore
structure, density and compressive strength of the
carbonized foams. More interconnected open-
cellular porous structure is formed for shorter
pressure drop times [29].

In this paper the softening point and composition
of the pitch precursors, which are connected with
the viscosity and volume swelling, are used as
important factors influencing the foaming process.

Conventional foaming procedure includes
foaming step, oxidation-stabilization step, carboni-
zation step and graphitization step [26]. In order to
reduce time and energy consumption, we decided to
obtain carbon foam by technology, similar to that of
Mehta et al. [26], but without stabilization step.
Instead of this final stabilization step, a special
method for thermal oxidative modification of pitch
precursor was developed and carried out as
preliminary step.

Foaming precursors and pretreatment

Commercially available pitches are not suitable
for producing carbon foam directly. The key
problem is that the viscosity is too low to preserve
the foam cell shape. Therefore, the pitch properties
of these materials were adjusted to meet the foaming
requirements. For this aim initial pitch was
subjected to thermal oxidative modification with
H,S0,. Data in Table 1 show increase of the oxygen
content in modified pitches. According to data in
Table 1, the thermal oxidation treatment with H,SO,
lead to the formation of oxygen-containing struc-
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tures. Simultaneously condensation reactions with
formation of higher molecular weight substances are
occurring and the softening point of the pitch
increases.

Table 1. Selected properties of studied pitches.

Sample C, H, N, S, 0, C/H
wt.% wt% wt.% wt%  diff.

P 90.60 5.25 0.90 0.50 2.75 1.44

M H,SO, 8390 4.24 0.82 2.62 8.42 1.64

M*HZSO4 9120 383 080 212 205 201

P - initial pitch; M H,50, - coal-tar pitch, modified by oxidation treat-
ment with H,SO,; M* H,50, - modified pitch heated up to 350°C.

Heat treatment of pitch up to 350°C in N,
induces polymerization and condensation reactions
through de-hydrogenation of polyaromatic mole-
cules. This treatment results in the formation of
larger condensed and more planar molecules in
pitch. Thus the viscosity and softening temperature
of treated pitch are increased. Table 2 lists the
properties of pitch sample before and after thermal
treatment at 350°C under N, atmosphere.

Table 2. Solubility class separation of the pitches deter-
mined by sequential Soxhlet extraction.

Sample PES, PEI-TS TI QI Softening
% % % %  point, °C
P 38.00 34.69 27.31 - 72
M H,50, 3372 45.04 17.74 3.50 140
3240 4530 13.11 210

M* H2SO4 9.19

P - initial pitch; M H,50, - coal-tar pitch, modified by oxidation treat-
ment with H,SO,; M* H,50, < modified pitch heated up to 350°C; PES

- petroleum ether soluble; PEI-TS - petroleum ether insoluble-toluene
soluble; TI - toluene insoluble; QI - quinoline insoluble fraction.

Thermal treatment significantly increases the
softening temperature and the content of quinoline
insoluble (QI), which implies the increase of
molecular weight and the degree of polymerization
and condensation of the pitch. As a result of
occurring of condensation reactions with oxygen
containing structures, a considerable decrease of
oxygen content in heated pitch is observed (Table
1). An increase of softening temperature reflects an
increase in viscosity of the pitches. In addition,
thermal treatment increases the thermal stability of
the pitch, and thus decreases the weight loss in the
foaming stage. This is relevant to the formation of
bubbles, because the amount of bubbling agent is
related to the weight loss, caused by the evolving
volatiles in foaming stage. Therefore, the size of
foam cells could also be controlled by the amount of
volatiles. The properties and composition of
modified coal tar pitches can be controlled by the
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temperature of thermal oxidation treatment and
amount of added acid. In this way, by adjusting the
conditions of treatment (temperature and amount of
added acid) of tars from agricultural wastes, the
properties of the synthetic pitch could be controlled.

Carbon foam properties

Main properties. Table 3 shows the general
properties of carbon foam, derived from modified
pitch heated up to 350°C. The bulk density of the
obtained foam is about 0.5 g/cm’. The prepared
carbon foam has over 90% open cell structure with
porosity >69% according to helium pycnometry.

Mechanical strength. Table 3 also summarizes
the compressive strength of the carbon foam
obtained. The strength of pitch-based foam depends
not only on the foam structure, but also on the
properties of the precursor. Data in Table 2 and
Table 3 show that carbon foam, obtained from
modified pitch, containing QI and relatively low
amount of PES, has good compressive strength. The
results confirm that the composition of the modified
pitch allows proceeding of polymerization and
polycondensaion reactions with formation of larger
condenced molecules during foaming process.

The cellular structure (thickness of cell-wall, ¢,
and the length of the cell edge, /) affects the foam
strength. For a regular foam, ¢ and / are corelated
with the relative density p /p , where p is the bulk
density; p . is the true density of foam [58]. It is
difficult to measure ¢ and / of the foam, but the
relative density is easy to be determined. Although
obtained carbon foams do not have perfect and
regular cell structure, as a first approximation,
relative density is still used to describe the foam
cellular structure.

Table 3. General properties of the carbon foam.

Foam Bulk Porosity Open- Relative Compressive
precursor density cell, density strength,
g/em’ % % MPa
Modified 0.52 73.4 92.1 0.27 11.9
pitch
heated up
to 350°C

The data show that obtained carbon foam is
distinguished by high relative density, and high
compressive strength, respectively. High relative
density implies presence of thicker cell walls and
shorter cell edges, which promote higher compres-
sive strength [4].

Carbon foam texture. Figure 1 shows the optical
texture of the carbon foam under polarized light in
the optical microscope. Microscopical observations
showed that the carbonization product is a distinctly
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porous material, where mesopores (visible under
optical microscopy) have various, irregular shapes
and strongly diversified diameters from less than 1
um to more than several hundreds pm.

The internal structure of the sample is similar to
cokes from coal-tar or petroleum pitch, or from very
good coking coals. They look like coarse mosaics,
domain or flow type according to classification of
optical textures of cokes [59]. Maximum reflectance
values of the samples are also similar to cokes. The
presence of QI in pitch precursor prevents the
coalescence of the mesophase spheres during the
thermal treatment, hence optical textures of carbon
foam are generally anisotropic.

Highly anisotropic textures are dominant. The
possible reason for this is the higher content of QI.
Lower anisotropic textures transform into higher
anisotropic gradually, but some sharp borders
between them also exist.

S oA A B 2 Lo -2
Figure 1. Optical texture of carbon foam derived from

pitch, modified with H,SO, (magnification 80x, in air).

SEM observation of carbon foam structure.
Figure 2 shows the SEM image of the obtained
carbon foam. The foam cell is mainly open with size
around 300-350 pum and some cell membranes. The
SEM image clearly shows that there are cracks in
the samples. These cracks mainly occur between the
layers aligned parallel to the cell surfaces, especially
in the junction area of the foam cells. However, no
major cracks are found on the cell membranes of
obtained foams. Carbon foam has small anisotropic
domain due to the high content of QI, which
prevents the coalescence of the mesophase spheres
during thermal treatment.

Ultrasoinic velocity, dynamic elastic modulus
and elastic anisotropy. The ultrasonic velocity
(Table 4) has considerably high values in (a), (b)
and (c) directions. High stiffness corresponds to
considerably high values of ultrasonic velocities
[57]. This confirms suitable arrangement of the
layers in carbon foam, due to considerably high

content of QI, which leads to formation of highly
orientated structure of the well condensed
crystallites, what is indicated by the high ultrasonic
velocity.

v "’_ " -"t:._ .

-;‘-"'F»lg’ T& 1}

Figure 2. SEM image of carbon foam derived from pitch,
modified with H,SO,.

" (10 X30 S

Table 4. Values of ultrasonic velocity of obtained carbon
foams.

Physical parameter Pitch treated with

H,SO,

Ultrasonic velocity: direction a, vy, (m/s) 1948
Ultrasonic velocity: direction b, vy,;q (m/s) 1931
Ultrasonic velocity: direction ¢, vy, (m/s) 1846
Elastic modulus: direction a, E\,,, (GPa) 1.98
Elastic modulus: direction b, E,,,;4 (GPa) 1.95
Elastic modulus: direction c, E,,;, (GPa) 1.78
Elastic anisotropy, Viax/Vimin 1.06

CONCLUSIONS

Thermal oxidation modification of commercial
coal tar pitch with H,SOy, is appropriate treatment to
adjust its plastic properties before the foaming
process. The properties of modified coal tar pitches
can be controlled by thermal oxidation treatment
conditions - temperature and amount of added acid.
The obtained pitch is suitable foaming precursor and
it can generate anisotropic carbon foam with good
mechanical strength. The low content of PES and
high content of QI in the pitch, treated with H,SO,,
lead to formation of small crystallites, and respect-
ively carbon foam with high porosity and consider-
ably high strength.

It is important to note that the composition of the
obtained modified pitches allows foam formation at
relatively low pressure and fast heating of the
precursor during foaming process, and without any
stabilization treatment.
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CHUHTE3 U OXAPAKTEPU3UPAHE HA BBIJIEPOJJHA ITSIHA IIOCPEJICTBOM
INEHOOBPA3YBAHE I1PU HUCKO HAJISITAHE C U3ITOJI3BBAHETO HA TTEK
MOANDPULINPAH CBHC H,SO4 KATO ITPEKYPCOP

b. L[I/IHuapCKI/Il*, b. HeTpOBal, T. ByI[I/IHOBal, H. HeTpOBl, A. HOHOBal,
M. K)KGIIII/IHCKaZ, C. Hymz, 0. Maiiescka®

I )
Hucmumym no opeanuuna xumust, bvrneapcka akademust na nayxume, ya. ,, Axao. I'. Bonueg*, 6n. 9, 1113 Cogpus
2
Llenmvp no nonumepnu u 6venepoonu mamepuanu, Iloicka akademus Ha Haykume,
. ,, Mapust Kiopu-Cxnoooecka ““ 34, PL-41819, 3ab6oice, Ilonwa

Ioctrenmna Ha 24 depyapu 2009 r.; IIpepaborena na 22 maif 2009 .
(Pesrome)

[Mony4yenu Gsixa 0Opas3iy OT BHIVICPOJHH MEHH C aHW30TPOITHA TEKCTYpa U 100pa MEXaHHWYHA SIKOCT, Ha Ga3ara Ha
KaMEHOBBIJIEH NeK, MoauduuupaH 4pe3 TepMooKuciauresnHa odpaborka cec H,SO4. M3cnensana Oe 3aBucumoctTa
MEXIy CBOWCTBATa Ha MPEKypcopa U CTPYKTypara Ha MOJydeHaTa BBIJICPOIHA MsiHA U Oelle MOKa3aHO, Ye XUMHIHUS
CBCTAB M TOYKATa HA OMCKBAHE Ha W3XOJHUS IEK OKa3BaT 3HAYUTENHO BIMSHUE BBPXY Mpolieca Ha NeHOOOpa3yBaHe U
BBPXY MMOPHbO3HATA CTPYKTypa Ha BBIJIEPOJHATA IsiHA. Y CTAHOBEHO Oe, Ye MEXaHWYHATA SIKOCT Ha BBIJICPOIHATA IIsSHA
3aBHCH HE CaMo OT OPbO3HATa CTPYKTypa Ha BBIJICPOIHATA IIsIHA, HO U OT ChCTaBa Ha MPEKypcopa.

XVMHUYHHS CHCTAB Ha MOAW(DHIIMPAHATE U CHHTETHYHUTE MIEKOBE MO3BOJIsIBA 00pa3yBaHe Ha BBIVICPOIHA IISTHA MPU
OTHOCHTEIIHO HHUCKH HASTaHHsA M Obp3 PEKUM Ha HArpsiBsHE HAa IMpEKypcopa II0 BpeMe Ha Ipoleca Ha IIeHO-
oOpa3yBaHe, KaTo ce n30sATBa eTamna Ha cTabunn3annoHHa oopaboTkara.
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Simple and fast analytical procedure for antimony determination in gunshot residues by electrothermal atomic
absorption spectrometry (ETAAS) is described. The sampling method of swab was tested by using adhesive tapes and
both cotton rod and bandaged cotton moistened with boric acid. The optimal instrumental parameters for ETAAS
measurements are defined: the maximum loss free pretreatment temperature found was 700°C and the optimum
atomization temperature was 1800°C. Experiments performed with various modifiers (Pd, Ni, ascorbic acid, boric acid)
showed that 5% (m/v) of boric acid is the most suitable modifier for Sb ensuring interference free ETAAS
measurements. Linear analytical curve is ranging from 5 ug:L™" to 40 pg'L™" (R*= 0.9998, n = 3). Limit of detection
(LOD) and limit of quantification (LOQ) calculated under optimum conditions are 0.4 pg-L™' and 1.3 pgL’,
respectively. The degree of interferences from matrix elements like Na, K, Ca, Fe, Pb, Ba, Ag, Cl, SO, and PO, was
investigated and evaluated. Recoveries in the range 70-88% were achieved.

Key words: Antimony, ET-AAS, Zeeman correction, interference, gunshot residues.

INTRODUCTION

The gunshot residues (GSR) are essential
samples in the forensic science for the identification
of suspected persons. A small part of GSR is
smeared on an index finger, back of the thumb and
on palm of the person, who has fired the gun.
Determination of GSR substances gives some
information about the person who fired or touched
the gun and about the firing distance [1, 2]. GSR
substances could include lead styphnate as an
explosive initiator, barium in nitrate form in small-
arms and antimony sulphide fuel in primers, calcium
silicide, zinc, zirconium, magnesium, titanium, trace
amount of chloride, iron, potassium, sodium, phos-
phorus and also some organic compounds such as
nitroglycerin, 2,4-dinitrotoluene and others. [3-5].
The quantities of these elements are affected by
some factors such as type of weapon, burning
process of powder, firing time and distance,
personal hygiene, environmental conditions.

The GSR detection methods are based on
analysis of the chemical residues, produced from
discharge of cartridge. Several techniques have been
used to determine the GSR; each one has advantages
and disadvantages as usual. Sampling of GSR is
very important to get accurate and reliable results. It
is mentioned in the literature that level of GSR
components is very low even after three hours of

* To whom all correspondence should be sent:
E-mail: belgin@uludag.edu.tr
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firing [6]. It is also well known that the amount of
GSR on the hands could be cleaned out by some
activities such as washing/rubbing/wiping of the
hands, placing the hands in pockets, characteristics
of perspiring of the person, etc. Therefore, sample
collection must be done in a fast and proper way on
the crime scene. Nowadays GSR samples are
collected by “swab” technique via washing of hands
by some acidic solutions or wiping some materials
like cotton moistened with diluted acid, EDTA [2, 5,
7]. In the literature adhesive film was used princi-
pally for lifting organic compounds of GSR from a
firer’s hand [5] and lifting the particles via adhesive
surface called as “tape lifting” technique [2]. Typi-
cally, this sampling could be used for all compo-
nents determination in GSR. Conventional flame
atomic absorption (FAAS) has sufficient sensitivity
for the detection of Pb encountered in hand samples
but it was inadequate for barium and antimony [4].
ICP-AES is a rapid technique with capabilities for
multi-elemental analysis, which is relatively free
from interference; however, it lacks the sensitivity
required for accurate Sb determination on GSR swab
extracts. Inductively coupled plasma mass spectro-
metry has benefits for GSR analyses due to its
accuracy, multi-element capability and low detec-
tion limits for swab sampling 0.5 ng of Sb, 0.2 ng of
Ba and 1.4 ng of Pb [8]. Few reports have been
made on this technique because of relatively high
cost of analysis. In recent years a scanning electron
microscope (SEM) and its combinations such as

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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energy dispersive X-ray analysis (SEM/EDX) was
found able to acquire information about the
distribution of elements in gunshot residue. The
main disadvantage of SEM techniques is its high
time and manpower consumption [2]. Nowadays
anodic stripping voltammetry is also used for
determination of GSR, but the determination of
barium has insufficient detection limit. Electro-
thermal atomic absorption is preferable technique
for Sb determination in GSR [9, 10]. It permits
measurement of Sb at 10 ng level [11, 12]. The
combination of ET-AAS and SEM techniques are
mostly used by forensic laboratories [3, 5, 7, 8, 13].
In the present work, we optimize the instru-
mental parameters for Sb determination by ETAAS.
The most appropriate pretreatment and atomization
temperatures are defined in the presence of boric
acid (BA) as matrix modifier. The degree of matrix
interferences due to sodium, potassium, calcium,
iron, lead, barium, silver, chloride, sulphate,
phosphate and others on the Sb absorbance signal
was investigated. Sampling and sample preparation
procedures are also optimized; the most suitable
acidic mixture is recommended. The adhesive tape
and both cotton rod and bandaged cotton moistened
with boric acid were used as a sampling from hands.

EXPERIMENTAL
Instrumentation

Varian GTA 120 model AA280Z (with Zeeman
background corrector) electrothermal atomic absorp-
tion spectrometer was used for analysis. The
absorbance values were measured with an antimony
hollow cathode lamp, which was operated at 217.6
nm with a bandpass width of 0.5 nm at 10 mA
current. Pyrolytically coated tubes were used as
atomizers. Sample injections volumes of 20 pL were
used. Mechanic shaker GFL-3015 ORG and
magnetic stirrers with heating IKA-MS 2 VORTEX
and ARE were employed for sample preparation.
Yavuz 16 compact model of Turkish gun was used
for real sampling.

Reagents

Ortho-phosphoric acid (85%, p.a. Merck),
hydrochloric acid (37%, p.a. Merck), sulphuric acid
(95-98%, p.a. Merck), nitric acid (65%, p.a. Merck),
boric acid (BA) (p.a. Merck), ascorbic acid (AA)
(p.a. Merck), sodium nitrate, potassium nitrate (p.a.
Merck / Fluka), stock standard solutions of Ag, Ca,
Ba, Sb, Pb and Fe 1000 mg-L™' (Merck, BDH Lab.
and SCP SCIENCE) were used. Doubly distilled
water (J. T. Baker) was used throughout all experi-
ments. Working Sb standard solutions were

prepared by appropriate dilution of stock standard
solution with 8% of HNOs. Solutions of 1% (w/v)
AA and 5% (w/v) BA were used as matrix modifier
solutions. Calibration curve was prepared with 5,
10, 20, 30 and 40 ng'mL " antimony standards. The
effect of different acids and acid mixtures (H,O,,
HNO;-H,0, and HNO;-H,0,-HCI) was investigated
within the acid concentration range from 2 to 10%.
A synthetic model solution was prepared containing
from 1 to 400 ug-mL’1 of Ag, Ba, Pb, Fe, Na, K, Ca,
as nitrate salts and SO,4, PO, and Cl in acid form to
simulate the sampling problems of swab on the
venue.

Sampling and sample preparation

The collection of samples from gun shots is
typically performed by swabbing technique on the
spot of event by police officers, so that sampling
must be done easily, fast and accurately. It is well
known that the efficiency of sampling is affected by
interferences coming from the field of firing condi-
tions and time, type of weapon, human activities of
firing person (sweat, saliva efc.), personal hygiene
and biometrics [5, 9, 13]. Sampling is important for
both to get accurate, repeatable results and not to
damage the hands of suspected person. In early times,
nitric acid solution was used as a GSR’s collector
[2]. Sampling in the field for GSR generally is taken
by adhesive tape. Collected GSRs migrated to bulk
solution by acid or acid mixtures. On the other hand,
sampling could be done with moistened cotton
material. In early works, nitric acid was used for
collecting of GSRs from hands although it is well
known that nitric acid has corrosive effect on the
skin. Because of this reason, less corrosive and
injurious solutions and materials are examined such
as EDTA and adhesive tape [2, 5, 7]. In this work
5% of BA solution is tested as a moistening solution
of cotton. It is also known that median lethal dose
(LDsy) of BA for mammals are given rating 2.66
mg-kg ' bodies mass. BA is poisonous if taken inter-
nally and inhaled [14, 15]. BA is functional and
harmless for intact skin. It has also some antibac-
terial and antiseptic usages [16, 17]. So that swab-
bing with cotton moistened by BA could be used for
sample collection of GSR directly from hands.

Shootings were made by using a Yavuz 16
Compact model of Turkish gun. Samples were
collected from palm and backsides of both right and
left hands of the person who made the shootings via
lifting the residues particles on 5 x 5 cm adhesive
tapes kept into polyethylene tubes in field. Collected
samples were prepared by adding of 4 ml of 8%
HNO; and the solution was stirred in mechanical
shaker at 50 rpm for 30 minutes. The final solution
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was analyzed by ET-AAS under optimum working
conditions. On the other hand, swabbing procedure
also applied with cotton rods (plastic handled cotton
tipped) and bandaged cotton moistened with 1 mL
of 5% of BA. Then bulk solution of them was
prepared analogously to this with adhesive tape. In
our work we mentioned that 5 mL of 8% nitric acid
and 30 minutes shaking ensures recoveries of about
90% for the determination of Sb.

RESULTS AND DISCUSSION
Optimization of the ETAAS

Furnace temperature program. The optimal
furnace temperature program was defined through
the pretreatment and atomization curves prepared
with 10 ng'mL™" of Sb standard and summarized in
Table 1. Calibration plot obtained under optimal
instrumental conditions was calculated by linear
regression to fit the equation A = 0.0026[Sb] —
0.0012 and R* = 0.9998. Limit of detection (LOD)
(30) and limit of quantification (LOQ) (10c) were
calculated according to ITUPAC rules to be 0.4 pg-L™
and 1.3 pg-L™" in respectively.

Effect of acid and acid mixture in the absence of
matrix modifier. The effect of different acid/acid
mixtures on the antimony absorbance signal was
examined. The results obtained are depicted in Table
2. It is well known that HNO; and H,0O, have
oxidative effect, which will be helpful for the forma-
tion of Sb oxides on the tube surface before the
atomization step. In general, in the presence of HCI
acid negative effect on the Sb absorbance signal
could be expected due to the volatile compounds

Table 1. Optimal temperature program for Sb with
modifier.

formed with chloride ions. In this way parts of the
element could be partially lost before the atomi-
zation step. However, experiments performed
showed that on the contrary the interference effect
observed in the presence of HCIl as well as gaseous
compounds (Sb, SbCls, SbH3, Sb,, Sb, and SbS) and
condensed compounds (Sb, SbCl;, SbOCI, SbO,,
Sb,03, Sb,Os and Sb,S;) formed was insignificant
[18-20]. It could also be explained by entrance of
chlorides into the graphite lattice at high tempe-
ratures [19, 20]. Because of this reason, there were
not big differences in the data obtained in the
presence of HNO;, HCI and H,0,. It is also known
that acids have both extracting and modifying effect
in the heating procedure 8, 13, 18].

Effect of modifier. 1t is well known that matrix
modifier is used for thermal stabilization and for
elimination of chemical interferences coming from
the matrix. In the literature, Dash et al. [21] used
boric acid as a modifier for the determination of
trace amount of indium in high purity antimony by
ET-AAS and they obtained satisfactory results.
Therefore, in our work we used for the first time BA
as a matrix modifier for the determination of anti-
mony by ETAAS. Synthetic matrix solutions were
spiked with Sb and analyzed in the presence of 2%
and 5% of BA, 1% of AA, 10 pug Pd and Ni solu-
tions as matrix modifiers. Recoveries obtained are
presented in Table 3. When AA was used as a
matrix modifier, it had no advantage and did not
eliminate matrix interferences. In this study, we
observed that 5% boric acid used as a matrix
modifier has good recovery value compared with
AA, Pd and Ni.

Table 3. Recoveries for Sb in the presence of different
matrix modifiers (n = 3).

Step Temperature, Time, Gas flow, Matrix maximum loss Optimal Recovery in
°C ] L-min™ modifier free pretreatment atomization  presence of a
1 95 50 0.1 temperature, °C temperature, °C  GSR, %
2 120 25.0 0.3 5% BA 700 1800 80-88
3 700 30.0 0.3 2% BA 700 1800 65-70
4 1800 4.0 0.0 1% AA 700 1800 35-40
5 2300 3.0 0.3 10 pg Pd 1500 2100 25-40
6 40 20.9 0.3 10 pg Ni 1100 2000 28-45
Table 2. Effect of acid/acid mixture on the Sb atomic absorbance signal as recovery (%).
% Recovery ( compared with 10 ng'mL™" of Sb atomic absorbance signal), %
HNO; HCI H,0, HNO; + HCI HNO; + H,0, HNO; + H,0, + HCI
2 807 1052 86t4 1053 102 +3 93+8
4 84+2 102+5 99+3 1045 107 +1 96+3
6 97+1 99+3 103+4 95+3 107£2 95+4
8 100£3 98+3 104+2 105+2 106 £ 4 102+5
10 101+ 5 93+4 111+£7 104+2 1106 9+6
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Spectral interference effect could be expected in
the presence of more than 1 g-L™' of Pb, Cu and Ni
because of their close alternative wavelength
coincidence [13]. The interference effect of some
metals and inorganic ions such as Na', CI, PO,
and K', which comes from the human perspiration
and Pb, Ba, Ag, Fe, Ca and SO, which may be
contained in the structure of gun and bullet material
and the environment on the absorbance signal of Sb
was also investigated. Model solutions in the range
of 1-400 mg-L™" were prepared and spiked with 10
ng'L"' Sb. The interference effect was evaluated
through the recoveries obtained. As it is seen from
the results in Table 4 the presences of Cl, POy, Ca
and Na have no serious effect on the Sb absorbance
signal because of Zeeman’s background correction.
The absorbance signal for Sb decreased upon
increasing of Ag, Ba, Pb, Fe, K and SO, concen-
tration in the solution. Decreasing of recovery in the
range of 61-81 % in the presence of Ag could be
explained with amalgam formation [22].

Application of procedure

After every shooting with Yavuz Model of
Turkish gun, sampling was performed with adhesive
tapes, both cotton rods and bandaged cotton
moistened with 5% of BA, according to the sampling
procedure given in sampling part. Shooting and
sampling were repeated three times for every
procedure and also the hands were washed after

each shot. Results for Sb from real sampling were
obtained according to optimal instrumental condi-
tions defined and summarized in Table 5 as con-
centration in the solution and distribution of amount
on the palm and backside in mg-cm™. Recovery
tests were conducted for real sampling by putting on
the hands’ surface 1020 ng'mL™' of antimony
standard. Recoveries achieved by using adhesive
type and moistened cotton (both rod and bandaged)
are found in the range of 95-122% and 95-140%,
respectively. It could be concluded from recoveries
that the swabbing procedure with cotton soaked in
5% BA ensures accurate and reliable results.

It is very difficult to compare and confirm
results, obtained in this study with other works in
the literature because of differences in gun type,
bullet or cartridges, sampling procedure, etc. [23].
Another difficulty of such kind of studies is to find
certified reference material. In spite of these
difficulties, we tried to compare our results with the
data for 9 mm parabellum type cartridges (such like
our cartridges) with swabbing 2% of EDTA. A
swabbing nearly resembles the technique used in
this work. Results of Sb swabbing with EDTA are at
the average range 3.19-60.70 with 2.30-13.3
standard deviations by ICP-MS technique [24].
Results of this work, seen in Table 5, are
comparable with the result of Sarkis et al. [24]. It
could be said that proposing sampling solution and
bandaged cotton give also good results.

Table 4. Interference effects on the Sb atomic absorbance signal as recovery (%) without matrix modifier.

mg L™ Ag Ba Pb Fe Na K Ca SO, PO, Cl
1 88 +3 109+4  88+2 96 £2 - 101 +2 - 96 £2 -
3 - - - - 84+2 7343 110+7 811 - -
5 - - - - 81+3 712 102+5  76+3 9542 -
10 76 + 4 89+2 86+3 80+ 1 - - - 95+3 92+1
15 - - - - 83 + 69+4  114+2  79%2 95+3 -
20 - - - - 84+1 68+ 1 10742 75+1 - -
50 68 +2 57+4 79 + 4 65+3 66+2  103£2  69%3 - 91 £2
100 66+3 33+5 78 + 4 61 +4 63 +4 92+3 46+6 - 89 3
200 - 213 7142 53+8 - 89+4
400 - 86 +3

Table 5. Results on antimony content in gunshot residues (n = 3).

Adhesive band, mean + s.d

Cotton rod, mean =+ s.d

Bandaged cotton, mean + s.d

ng-rnL’1 ngvcrn’2 ng-rnL’1 ng-cm’2 ng-rnL’1 ng-cm’2
Left hand
palm 341+03 55+0.1 20.6 +1.4 33+0.2 36.6 +0.4 59+02
backside 324+0.8 52+02 19.9+04 32+0.1 30.5+£09 49+0.2
Right hand
palm 26.5+0.6 43+0.1 20.2+4.1 32+0.7 314+ 1.2 5.1+02
backside 341+1.2 54+0.2 20.4+0.9 33+0.2 37.5+0.7 6.0+0.2
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CONCLUSION

It is known that antimony is an uncommon
element and it’s a kind of diagnostics of gunshot
firing. For this reason concentrations of Sb on the
hands are very low, ET-AAS technique can be used
very sensitively for its detection. The performed
study showed that swabbing with bandaged cotton
moistened by 5% of BA could be successfully
applied as routine sampling procedure for Sb
determination in gunshot residues. BA is an efficient
modifier for ETAAS measurement of Sb in this
solution. However, improving studies are still
necessary such as sole usage of standard bandaged
cotton to increase the efficiency, accuracy and to
decrease the necessity of skilled personnel for swab
sampling.

Acknowledgement: Authors would like to thank
Bursa Criminal Police Laboratory chief for his
permission and also the personnel for their kind
help for executing of experiments in the shooting
place.
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OIIPEJEJISIHE HA AHTMMOH B BAPYTHU OCTATbBL
YPE3 EJIEKTPOTEPMHUYHA ATOMHO-ABCOPBLIMOHHA CITEKTPOMETPUA

H. ®. q)I/I,E[aHl, B. Usru> *

1 .
Kpumunanna nonuyeiicka nabopamopus 6 bypca, I’ nasno ynpaenenue na mypckama HayuoHaiHa noruyus,

bypca, Typyusa
? Jlenapmamenm no xumus, @axyimem no Hayka u uskycmeo, Yuusepcumem na Ynyeoae, 16059bypca, Typyus

[ocreruna Ha 9 mapt 2009 r.; IIpepaborena Ha 4 maii 2009 T.

(Pestome)

Onucana e jiecHa 1 Obp3a aHAIMTHYHA TPOLIEypa 3a ONpe/IeNsiHE Ha aHTUMOH B 0apyTHU OCTAaThIM 4Ype3 eJIEKTPO-
TepMU4YHa aTroMHo-abcopOumonHa cnekrpomerpusi (ETAAS). TectBan e mMeTon Ha nmpoOoB3eMaHE C M3MOJI3BAHE HA
a/IXe3VBHH JICHTH, TaMy4YHH TaMITIOHU M NIPEBBP30UYCH NMaMyK HaMOKpeHHU ¢ OopHa kucennHa. OnpeneneHu ca onTHMal-
HUTE MHCTPYMEHTAIIHU ITapameTpu 3a u3MepsaHe ¢ ETAAS: makcumainHa Temneparypa 3a Harpsiane 6e3 3aryou 700°C
U onTHManHa Temreparypa Ha atomuzanus 1800°C. Excniepumentu ¢ pazmmaan moaudukatopu (Pd, Ni, ackopouHoBa
KHCENMHa, OOpHa KHCEeNNHa) IoKa3axa, ye 5% (m/v) OopHa KucelnHa € Hal-moaxomsm MoaudukaTop 3a Sb ocuryps-
Ba cBOGOHO OT npeueHe u3mepBane ¢ ETAAS. AnanuTuyHata KpyBa € IMHeHHa B o61actta ot 5 ug'L ™ 10 40 pgL™!
(R* = 0.9998, n = 3). I'pannuriara Ha otkpuBare (LOD) u rpanumara Ha onpenessine (LOQ) H34HCICHN IPH OITHMAI-
HUTE ycloBus ca choTBeTHO 0.4 pg'L™' u 1.3 pg'L™'. M3cnensana u onpeseneHa e CTENEHTa HA MPeYeHe OT MaTpHUHH
enementu kato Na, K, Ca, Fe, Pb, Ba, Ag, Cl, SO, u PO,. [Tonydenu ca aHaauTHyHu 100UBU B Tpanuiute Ha 70—88%.
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A facile synthesis of solely dihydrobenzofuranols was achieved by irradiation of 2-alkoxy substituted benzo-
phenones in acetonitrile. The antibacterial activities of the resulting compounds were studied against 12 human
pathogens. All the compounds showed significant growth inhibition at concentration of 50 pg/mL. The halogen
substituted compounds were most active whereupon one of the compounds showed stronger inhibition towards all the
strains than the antibitiocs bacitracin, ciprofloxacin and gentamicin.

Key words: photochemical synthesis, dihydrobenzofuranols, antibacterial activity.

INTRODUCTION

The chemistry of dihydrobenzofurans has re-
cently drawn considerable attention from chemical,
physiological and pharmacological point of view
[1—4]. Intramolecular hydrogen abstractions are
among some of the best studied reactions in organic
photochemistry. The most prevalent example in-
volves abstraction of a y-hydrogen, i.e., the Norrish
Type I reaction [5]. However, a number of cases of
both 6- and e-hydrogen abstraction has also been
reported [6]. These reactions are object of recent in-
terest because they provide useful insight into
ketone photochemistry and biradical behaviour and
have potential synthetic application in the con-
struction of five and six membered rings [7]. One
example of a d-hydrogen abstraction, which has
found some applications in synthesis, is the photo-
cyclization of 2-alkoxy substituted benzophenones
to dihydrobenzofuranols (Scheme 1).

Literature survey on the structure-activity rela-
tionship among dihydrobenzofuranol analogues re-
vealed that no efforts were directed towards the
study of their antibacterial activities when different
substituents were introduced in the aromatic rings.
We supposed that varying the substituents in the
aromatic ring might affect the antibacterial activity.

In this communication, we report a facile syn-
thesis of a series of new dihydrobenzofuranols with
different combinations of substituents in their aro-
matic rings and evaluation of their antibacterial acti-
vity against 12 human pathogens. The synthesis was
based on cyclization of 1,5-biradicals, generated by

* To whom all correspondence should be sent:
E-mail: karaveesha@gmail.com

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

irradiation of substituted 2-alkoxy benzophenones.

CHEMISTRY

The synthesis of the title compounds is outlined
in Scheme 1.

c” CHaBr

s Ry

K,CO5/Acetone

*

1. hv /N, hydrogen abstraction
—_—

CH;CN - .

2.1sC

o
R o
Ry
Rz
Rs

OCH,

/@ &0 -NCCH;
R4
Ry - R4
Ro Ro
Rs
/LS»cyclization

a: Rj=R,=H; R;=R,;= CH;
b: Rj=R,=H; R3=Br; R4=CH;
C

s Ry
gR =] R;=CHj; R&=F
h: Rj=Ry=H; R3=Cl; R4=Br
3a-h

Scheme 1
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2-Hydroxy substituted benzophenones 1a-h,
were synthesized as it was previously described [8].
The substrates for photocyclization, the 2-alkoxy
substituted benzophenones 2a—h, were synthesized
in good yields by the reaction of 1a—h with methyl
iodide in the presence of anhydrous potassium
carbonate (Scheme 1). Irradiation of degassed solu-
tions of 2a—h in acetonitrile was conducted at
ambient temperatures (~ 33°C) and 365 nm, 400 W
high-pressure mercury lamp with Pyrex filter. The
products 3a—h were characterized by IRS, NMR and
elemental analysis.

RESULTS AND DISCUSSION

Widespread use of antibiotics is thought to have
spurred evolutionary adaptations that enable bacteria
to survive these powerful drugs. The combat with
the bacterial resistance demands a search for alter-
native newer molecules. For this reason, the eight
new dihydrobenzofuranols 3a—f synthesized in this

study, were screened in regard to their antibacterial
activities. Their growth inhibitory activity was
tested against nine Gram-positive and three Gram-
negative bacteria (Table 1). Three of the compounds
3e, 3f and 3h were shown to be highly potent
antibacterial agents. Their antibacterial activity was
much stronger than that of ciprofloxacin, which is a
powerful antibiotic used to overcome bacterial
infections.

CONCLUSION

Our study shows a strong evidence for the
antibacterial activity of halo substituted dihydro-
benzofuranols. These compounds exhibited stronger
growth inhibitory activity than the reference
compounds. The presence of methyl groups in ring
A and B was not favourable. The compounds are
very good candidates for further investigation on
their therapeutic effect for management of bacterial
infections.

Table 1. Antibacterial activity measured as zone of inhibition (mm) of eight newly synthesized dihydrobenzofuranols

(3a-h) (50 pg/mL) against human pathogenic bacteria.

Pathogens 3a 3b 3¢ 3d 3e 3f 3g 3h  Bacitracin Ciprofloxacin Gentamicin
Bacillus subtilis  12.50 18.66 28.50 19.50 29.50 33.66 22.66 28.50 0.00 19.62 12.66
MTCC441 +039 +022 +£027 £025 +£027 =£0.15 =+£006 +0.25 +0.00 +0.18 +0.12
Escherichia 15.16  20.00 29.50 26.66 31.50 3450 2850 30.66 0.00 10.00 10.25
coli + 022 £000 +£025 =+£066 =£017 £027 +027 =£0.66 +0.00 +0.00 +0.14
MTCC443
Klebsiella 09.50 17.33 21.50 17.50 23.66 25.38 19.83 22.83 0.00 20.25 11.75
pneumoniae  +£028 +0.16 +0.17 £0.19 £0.15 +0.18 +020 +£0.20 +0.00 +0.16 +0.16
MTCC109
Proteus 18.00 1550 22.66 19.83 2150 22.16 21.66  20.83 0.00 18.25 08.50
mirabilis +0.00 +£027 =£0.15 +0.14 +027 £0.12 +£025 +020 £0.00 +0.16 +0.16
MTCC1429
Pseudomonas  10.00 1650 3450 17.50 3538  36.50 19.75 32.66 0.00 34.25 12.63
aeruginosa  +£0.00 +£023 +£0.13 +£025 +£0.18 +£0.12 +0.16 +0.25 +0.00 +0.16 +0.16
MTCC1688
Salmonella 11.50 18.50 29.50  20.66 30.16 32.66 22.83 29.50 0.00 27.75 15.25
paratyphi A +0.18 +021 +£025 +066 =+0.12 +£025 =+0.14 =£0.17 +0.00 +0.16 +0.16
MTCC735
Salmonella 18.83  20.50 27.83 2283 2950 31.83 24.66  28.50 0.00 20.25 17.75
typhi +0.14 +£0.19 +£020 +£020 =+0.12 =+0.14 £0.15 +0.19 =£0.00 +0.16 +0.16
MTCC733
Salmonella 12.33 1850 2550 1933 26.66 28.66 2250 25.66 0.00 18.75 16.00
typhimurium  £0.15 +£020 +027 £0.17 +£025 +£006 +025 +£0.12 +0.00 +0.31 +0.31
MTCC98
Shigella 10.33 13.50 19.66 14.83 21.83 24.50 18.66 20.66 0.00 27.63 11.38
flexneri +0.16 +0.27 +£0.11 +£020 +£0.14 +£025 =+£066 =+0.11 +0.00 +0.18 +0.18
MTCC1457
Shigella sonnei  08.50  12.66  21.50 13.66 23.66  29.83 23.83 22.50 0.00 21.75 15.25
MTCC 2957 +£0.27 £0.14 +0.17 £025 £0.06 =+0.14 +020 +£0.13 £0.00 +0.16 +0.16
Staphylococcus  19.00  24.00 3533 2350 3450 3550 25.83 33.66 26.75 18.13 24.63
aureus +0.00 +0.22 +£0.18 =+0.17 +£025 =+£0.13 £020 +0.15 =+0.84 +0.48 +0.48
MTCC 737
Streptococcus  15.50 21.50 33.66 20.66 32.83 33.12 27.66 31.83 10.00 10.00 12.50
faecalis +0.33 +£030 =+£0.11 =+0.66 =+0.14 +£0.19 +£025 +0.14 £0.00 +0.00 +0.00
MTCC459

Zone of inhibition (Mean of six replicates + standard error). p < 0.05.
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EXPERIMENTAL
Chemistry

Chemicals were purchased from Aldrich
Chemical Co. Thin layer chromatography (TLC)
was performed on silica gel plates with visualization
under UV-light. Melting points were determined on
a Thomas Hoover capillary melting point apparatus
with a digital thermometer and were not corrected.
The IR spectra were recorded in nujol on FT-IR
Shimadzu 8300 spectrometer. 'H NMR and "C
NMR spectra were recorded in CDCIl; at 300 and
100 MHz, respectively. Chemical shifts were in
parts per million downfield from tetramethylsilane.
J constants were in Hz. Elemental analysis data are
within 0.4% deviation of the calculated value.

General procedure for synthesis of substituted
2-alkoxybenzophenones 2a—2h

Bromomethane (1.9 g, 0.02 mol) was added to a
solution of (2-hydroxy-5-methylphenyl)-4-methyl
phenyl methanone 1a (5.21 g, 0.02 mol) and
anhydrous potassium carbonate (2.8 g, 0.02 mol) in
dry acetone (50 ml). The solution was refluxed for
18 h, cooled down and then evaporated to dryness.
The residue was treated with ice water to remove
potassium carbonate and extracted with (ethyl) ether
(3%x50 ml). The organic layer was washed with 10%
sodium hydroxide solution (3x30ml) and water
(3%30 ml), dried over anhydrous sodium sulphate
and evaporated. The obtained crude solid was
recrystallized from ethanol to give the pure
compounds 2a-2h.

Compound 2a: [9] yield 83%, m.p. 160—162°C;
IRS (nujol): 1658 cm ™' (C=0); '"H NMR (CDCl;) &
2.25 (s, 3H, Ar—CH3;), 2.32 (s, 3H, Ar—CH3), 3.6 (s,
3H, OCH;), 6.7-7.7 (bm, 7H, Ar-H); *C NMR
(CDCl3): 8 20.9 (q), 56.0 (q), 113.7 (d), 123.3 (s),
128.9 (d), 129.9 (s), 130 (d), 131.8 (d), 133.9 (d),
134.8 (s), 141.4 (s), 160.6 (s), 187.0 (s). Anal. Calcd
for CicH 60, (240); C 80.0; H 6.67%. Found: C
80.12; H 6.63%.

Compound 1a—h: [9] yield 75%, m.p. 55-58°C;
IRS (nujol): 1660 cm™' (C=0); '"H NMR (CDCl;) &
2.23 (s, 3H, Ar—CH3), 3.55 (s, 3H, OCH3;), 6.65-7.5
(bm, 7H, Ar-H); >C NMR (CDCl): & 20.9 (q), 56.0
(q), 113.7 (d), 123.3 (s), 126.8 (s), 129.7 (s), 131.5
(d), 131.8 (d), 132.3 (d), 133.9 (d), 136.8 (s), 160.6
(s), 187.0 (s). Anal. Calcd for C,5H;3BrO, (305); C
59.02; H 4.26; Br 26.23%. Found: C 58.95; H 4.25;
Br26.21%.

Compound 2c: [9] yield 71%, m.p. 150—152°C;
IRS (nujol): 1659 cm™' (C=0); '"H NMR (CDCl;) &
2.22 (s, 3H, Ar—CHs;), 3.5 (s, 3H, OCHj), 6.6—7.8
(bm, 7H, Ar-H); >C NMR (CDCl;): § 20.9 (q), 56.0

(q), 113.7 (d), 123.3 (s), 127.7 (d), 129.6 (d),129.7
(s), 131.8 (d), 133.9 (s), 133.9 (d), 134.0 (d), 135.8
(s), 139.6 (s), 160.6 (s), 187.0 (s). Anal. Calcd for
CisH12CLO, (295); C 61.02; H 4.07; Cl 24.07%.
Found: C 60.89; H 4.02; C124.05%.

Compound 2d: yield 83%, m.p. 151-153°C; IRS
(nujol): 1665 cm™' (C=0); '"H NMR (CDCl;) § 2.33
(s, 3H, Ar—-CH3), 3.65 (s, 3H, OCHj3), 6.75-7.6 (bm,
7H, Ar-H); >C NMR (CDCl;): & 20.9 (q), 56.0 (q),
113.7 (d), 123.3 (s), 128.9 (d), 129.9 (s), 130 (d),
131.8 (d), 133.9 (d), 134.8 (s), 141.4 (s), 160.6 (s),
187.0 (s). Anal. Calcd for CsH3CIO, (260.72); C
69.10; H 5.03; Cl 13.60%. Found: C 69.12; H 5.01;
Cl 13.59%.

Compound 2e: yield 83%, m.p. 138—141°C; IRS
(nujol): 1668 cm™" (C=0); 'H NMR (CDCl) & 3.7
(s, 3H, OCHs), 6.77-7.64 (bm, 7H, Ar-H); “C
NMR (CDCL): & 56.0 (q), 115.2 (d), 124.8 (s),
125.8 (s), 128.6 (d), 131.5 (d), 131.6 (d), 133.6 (d),
135.9 (s), 137.5 (s), 161.7 (s), 187.0 (s). Anal. Calcd
for C4H,0CLO, (281.13); C 59.81; H 3.59; Cl
25.22%. Found: C 59.79; H 3.63; C125.20%.

Compound 2f: yield 83%, m.p. 132—134°C; IRS
(nujol): 1670 cm™' (C=0); "H NMR (CDCl;) & 3.68
(s, 3H, OCH;), 6.85-7.65 (bm, 7H, Ar-H); “C
NMR (CDCL): & 56.0 (q), 115.4 (d), 118.1 (d),
120.2 (d), 125.0 (s), 128.6 (d), 131.5 (d), 135.9 (s),
137.5 (s), 154.1 (s), 159.2 (s), 187.0 (s). Anal.
Calcd. for Ci4H,(CIFO, (264.68); C 63.53; H 3.81;
Cl 13.39; F 7.18%. Found: C 63.55; H 3.83; CI
13.37; F 7.16%.

Compound 2g: yield 83%, m.p. 143—145°C; IRS
(nujol): 1667 cm™' (C=0); 'H NMR (CDCl;) & 2.3
(s, 3H, Ar—CH3), 3.67 (s, 3H, OCHs), 6.71-7.47
(bm, 7H, Ar-H); *C NMR (CDCl): & 20.9 (q), 56.0
(q), 115.4 (d), 118.1 (d), 120.2 (d), 125.0 (s), 128.9
(d), 130.0 (d), 134.8 (s), 141.4 (s), 154.1 (s), 159.2
(s), 187.0 (s). Anal. Calcd for C;sH3FO, (244.26);
C 73.76; H 5.36; F 7.78%. Found: C 73.78; H 5.33;
F 7.76%.

Compound 2h: yield 79%, m.p. 149—-151°C; IRS
(nujol): 1675 cm™" (C=0); 'H NMR (CDCl5) & 3.6
(s, 3H, OCH3), 6.7-7.7 (bm, 7H, Ar—-H); "C NMR
(CDClL): & 56.0 (q), 115.1 (s), 116.0 (d), 125.6 (s),
128.6 (d), 131.5 (d), 134.4 (d), 135.9 (s), 136.5
(d),137.5 (s), 162.6 (s), 187.0 (s). Anal. Calcd for
C4H,oBrClO, (325.59); C 51.65; H 3.10; Br
25.54.18; Cl 10.89%. Found: C 51.63; H 3.12; Br
25.55, C110.87%.

General procedure for the synthesis of
dihydrobenzofuranols 3a-3h

The starting compounds 2a—2h (15 mmol) were
dissolved in acetonitrile (50 mL) and deoxygenated
by bubbling nitrogen gas for 1 h and then irradiated
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for 4-20 h. After the completion of the reaction
(monitored by TLC), the solvent was evaporated
under reduced pressure at 40°C. The residue was
subjected to column chromatography on silica gel
with eluent mixture hexane:chloroform:acetone
(7:3:1) to give pure compounds 3a—3h.

Compound 3a: [9] yield 77%, m.p. 156—157°C;
IRS (nujol): 3410 cm ™' (OH); 'H NMR (CDCl5): &
2.4 (s, 3H, Ar—CHj3), 2.5 (s, 3H, Ar—CH3), 3.9 (s,
1H, C,-H), 4.3 (s, 1H, C,-H), 6.0-6.2 (bs, 1H, OH),
7.2-8.0 (bm, 7H, Ar—H); *C NMR (CDCl): § 20.9
(q), 21.2 (q), 80.5 (1), 88.3 (s), 114.6 (d), 127.3 (d),
128.3 (d), 128.6 (s), 129.7 (d), 129.8 (s), 135.2 (s),
140.0 (s), 155.7 (s). Anal. Calcd for C,¢H;50, (240);
C 80.0; H 6.67%. Found: C 79.60; H 6.62%.

Compound 3b: [9] yield 72%, m.p. 155-157°C;
IRS (nujol): 3420 cm ™' (OH);'H NMR (CDCls): &
2.4 (s, 3H, Ar—CH3), 3.8 (s, 1H, C,-H), 4.4 (s, 1H,
C,-H), 6.0—6.2 (bs, 1H, OH), 7.2—-8.0 (bm, 7H, Ar—
H); "C NMR (CDCLy): & 21.2 (q), 80.5 (t), 88.3 (s),
114.6 (d), 120.6 (s), 127.3 (d), 128.3 (d), 128.6 (d),
129.7 (d), 129.8 (s), 155.7 (s). Anal. Calcd for
CisH3BrO; (305); C 59.02; H 4.26; Br 26.23%.
Found: C 59.0; H 4.21; Br 26.18%.

Compound 3c: [9] yield 81%, m.p. 158—159°C;
IRS (nujol): 3415 cm™' (OH); 'H NMR (CDCl;): &
2.4 (s, 3H, Ar—CH3), 3.9 (s, 1H, C,-H), 4.4 (s, 1H,
C,-H), 6.0-6.3 (bs, 1H, OH), 7.2-8.0 (bm, 7H,
Ar-H); C NMR (CDCl5): & 21.2 (q), 78.7 (s), 80.0
(t), 88.3 (s), 114.6 (d), 127.3 (d), 127.8 (d), 127.9
(d), 128.5 (d), 128.6 (s), 129.7 (d), 129.8 (s), 134.1
(s), 134.7 (s), 144.8 (s), 155.7 (s). Anal. Calcd for
CisH2CLO, (295); C 61.02; H 4.07; ClI 24.07%.
Found: C 61.0; H 4.08; C123.04%.

Compound 3d: yield 75%, m.p. 160—162°C; IRS
(nujol): 3430 cm™' (OH); '"H NMR (CDCl5): & 2.35
(s, 3H, Ar—CHj), 3.8 (s, 1H, C,-H), 4.2 (s, 1H,
C,-H), 6.1-6.3 (bs, 1H, OH), 7.0-7.8 (bm, 7H,
Ar-H); >C NMR (CDCl;): & 21.2 (q), 80.5 (t), 88.3
(s), 114.6 (d), 127.3 (d), 128.6 (s), 129.4 (d), 129.7
(d), 129.8 (s), 131.4 (s),141.1 (s), 155.7 (s). Anal.
Calcd for C5H3CIO, (260.72); C 69.10; H 5.03; Cl
13.60%. Found: C 69.35; H 5.01; Cl 13.59%.

Compound 3e: yield 78%, m.p. 165—167°C; IRS
(nujol): 3425 cm™' (OH); 'H NMR (CDCls): § 3.9
(s, 1H, C,-H), 4.3 (s, 1H, C,-H), 6.2—6.4 (bs, 1H,
OH), 7.3-7.9 (bm, 7H, Ar-H); *C NMR (CDCl;): &
80.5 (t), 87.5 (s), 116.1 (d), 125.9 (s), 127.0 (d),
129.4 (d), 129.5 (d), 129.8 (d), 130.1 (s), 131.3 (s),
141.1 (s), 156.8 (s). Anal. Calcd for Ci4H;¢Cl,0,
(281.13); C 59.81; H 3.59; CI 25.22%. Found: C
59.79; H 3.57; C125.21%.

Compound 3f: yield 81%, m.p.. 151-153°C; IRS
(nujol): 3435 cm™' (OH); '"H NMR (CDCls): & 3.75
(s, IH, C,-H), 4.1 (s, 1H, C,-H), 6.05-6.3 (bs, 1H,
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OH), 7.2-7.85 (bm, 7H, Ar-H); *C NMR (CDCl,):
3 80.5 (t), 88.0 (s), 113.6 (d), 116.0 (d), 116.3 (d),
129.4 (d), 129.5 (d), 129.8 (d), 130.3 (s), 131.3 (s),
141.1 (s), 154.2 (s), 154.3 (s). Anal. Calcd for
C14H,(CIFO, (264.68); C 63.53; H 3.81; C1 13.39; F
7.18%. Found: C 63.55; H 3.84; C1 13.31; F 7.17%.

Compound 3g: yield 69%, m.p. 147-149°C; IRS
(nujol): 3415 cm™ (OH); '"H NMR (CDCl;): & 3.85
(s, 1H, C,-H), 4.3 (s, 1H, C,-H), 6.0-6.25 (bs, 1H,
OH), 7.1-7.8 (bm, 7H, Ar-H); *C NMR (CDCl;): &
20.9 (q), 80.5 (t), 88.0 (s), 113.6 (d), 116.0 (d),
116.3 (d), 128.3 (d), 129.7 (d), 130.3 (s), 135.2 (s),
140.1 (s), 154.2 (s), 154.3 (s). Anal. Calcd for
CisH\3FO, (244.26); C 73.76; H 5.36; F 7.78%.
Found: C 73.73; H 5.38; F 7.76%.

Compound 3h: yield 67%, m.p. 159—160°C; IRS
(nujol): 3420 cm™' (OH); '"H NMR (CDCls): & 3.75
(s, 1H, C,-H), 4.3 (s, 1H, C,-H), 6.05-6.3 (bs, 1H,
OH), 7.25-8.05 (bm, 7H, Ar-H); “C NMR
(CDClLs): & 80.5 (t), 87.3 (s), 115.2 (s), 116.9 (d),
129.4 (d), 129.8 (d), 129.9 (d), 130.9 (s), 131.2 (s),
132.3 (d), 141.1 (s), 157.7 (s). Anal. Calcd for
C14H,0BrClO; (325.59); C 51.65; H 3.10; Br 24.54;
Cl 10.89%. Found: C 51.63; H 3.08; Br 24.56; Cl
10.87%.

Antibacterial activity assay

The antibacterial activity was determined by agar
diffusion method. The sterile medium (20 mL) was
poured onto a 9 cm Petri plates. The medium was
allowed to cool down in a sterile condition and
plates were then inculcated with 1x10° cfu cultures
of the tested bacteria. The concentration of bacterial
cells in the suspension was adjusted to a minimum
of 1x10° cfu/ml in nutrient broth solution. Agar cups
of 5 mm diameter were made in the plates. Each test
sample was dissolved in dimethyl formamide
(DMF), 50 pL of the test solution containing 50
pug/mL of the test compound were placed in each
cup. The plates were left to stay for an hour in order
to facilitate the diffusion of the drug solution.
Negative control samples were prepared using the
same solvent (DMF) employed to dissolve the
examined compounds [10]. Then the plates were
incubated at 37°C for 24 h. The zone of inhibition
(if any) against the used bacteria was measured in
mm. Bacitracin and ciprofloxacin were used as
positive reference to determine the sensitivity of
each bacterial strain tested.

Acknowledgements: The authors express their
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JlecHa cuHTe3a camMO Ha IUXHIPOOCH30(YpaHOIM € IOCTHIHAaTa 4pe3 oOJIbuYBaHE Ha 2-alKOKCH 3aMECTCHHU
6enzodeHoHn B anetoHuTpwi. M3crnenBaHa € aHTHMMHKpOOHAaTa aKTHBHOCT Ha MOJYYEHHTE CheIWMHEHUs cpemry 12
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The paper is devoted to the problem of optimal loading of the joint systems of power supply of multipurpose and
multiproduct batch chemical plants (MMBCP) operating in regime of production campaign. Mathematical method is
proposed for determining the control independent variables that ensures minimum deviation of the loading
characteristics of power demand of the related power systems from the ideal ones. The models developed for power
consumption of the individual productions that belong to a production campaign were based on Fourier series. The task
of optimum control was formulated as a non-linear mathematical programming one. The method proposed is verified by

a test example.

Key words: multipurpose and multiproduct batch chemical plants, optimal loading of the power systems.

INTRODUCTION

Up to 50% of the world industrial units, related
to chemical industry, are batch operating ones
Stoltze et al. [1]. The chemical industry is a large
power consumer and its effective use of power is
very important. Referring to the continuous systems,
the problem of effective use of their power
utilization nets is most often seen as reduction of the
power demand by effective utilization of the net
internal power or introduction of energy-saving
technologies. This is realized mainly by process heat
integration according to Linnhoff [2]. However, the
power bills of the batch processing systems
represent only 5—10% of the total production costs
per unit of product [3]. The power effectiveness of
these systems depends strongly on the optimal load
of the external power supply systems that is tem-
porally non-uniform. Characteristic property of their
performance is the fact that during simultaneous
operation of a set of batch productions it is possible
to reach the loading threshold values leading to
emergency situations or to experience falls of the
effectiveness parameters of the external power
supply systems. The occurrence of such problems is
characteristic of the operation of this class of
systems. They are often met in various industries,
such as the food processing, pharmaceutical, oils
and paints and fine chemicals processing and they
are considered widely in the literature [4, 5].

Referring to available sources, the problem of
optimal loading of the various power systems

* To whom all correspondence should be sent:
E-mail: bivanov@bas.bg
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connected with multipurpose and multiproduct
batch chemical plants (MMBCP) has two aspects.
The first aspect includes problems of shrinking
demands of any kind of power by process heat
integration [3, 6-8,]. This approach is known to lead
to high utilization effectiveness of the systems’
internal power, and, while using appropriate sche-
dules and heat integration flow charts, also to
loading reduction and therefore to more uniform
load of the particular external power system. How-
ever, the ideas of heat integration may not be always
applicable, as they are intercorrelated with system
reconstruction activities that require proofs of eco-
nomical feasibility. Besides, one may not reach the
desirable loading non-uniformity.

Another approach to deal with effective power
utilization is referring to development of appropriate
production schedules [3, 4, 6, 9-12] that lead to
decrease in loading non-uniformity. The latter unila-
terally leads to higher performance effectiveness of
the relevant power system.

Among the first papers to consider the issue of
optimal loading of the power systems during
operation of a group of batch productions is the one
of Bieler et al. [13]. This work proposed a method
for assessing the performance conditions of systems
including batch production units that leads to a
decrease in the peak load of the power systems. The
task has been solved by analytical models of power
consumption, based on Fourier series, while the
optimal operation conditions were found by formu-
lating this task in terms of mathematical pro-
gramming. The formulation thus proposed by

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria



B. B. Ivanov and K. 1. Mintchev: Control of production campaigns

Ivanov et al. [9] considered the deviation of the
instant power of start-up of batch production as a
single control variable. In this way, the possibility to
achieve optimal load of the power demand systems
can be largely limited.

Referring to another work by Badel. et al. [14],
the issue of optimal loading of multipurpose plant
systems has been discussed from the point of view
of financial resources. This work assumes operation
of the system in a production schedule “follow-up”
regime of the type Job Shop Scheduling.

An interesting approach is reported in refs. [13,
15, 16], where mathematical models of power con-
sumption of some charts of batch reactors have been
proposed. Nevertheless, the approach of MMBCP
operation control considered in this group of works
is not enough general to be used.

From the above review of the literature, it
becomes clear that the issues related to optimal
loading of the power systems during operation of
multipurpose and multi-product chemical plants can
be resolved following two main directions, namely:
1. Using means and charts allowing maximum
utilization of the systems’ internal energy by
process heat integration, and 2. Creating perfor-
mance conditions that lead to optimal load of the
external power systems by formulation of appro-
priate schedules of operation and selection of
appropriate production technologies for the majority
of the products.

In any case, the issue of formulation of appro-
priate mathematical criteria for evaluation of the
power effectiveness as well as effective methods for
determination of the control variables leading to
optimal loading of the various power systems still
remains to be targeted.

PROBLEM DESCRIPTION

Let us consider a multipurpose chemical plant
producing simultaneously a given amount of
products within a production campaign (Fig. 1). The
productions included in the campaign are batch ones
with fixed production cycle. Assume that some
stages of these productions, related to fixed power
types, are power consuming and that they load the
relevant external power supply system batchwise
during the process stage time. Referring to fixed
schedules and vessel parameters, one can determine
the amount of power corresponding to any heat
carrier required to produce a unit of end product
(electrical power, cold, steam, cooling water, etc.).
The consumption of any power type in the various
stages of the process is carried out at constant
intensity. During the operation of the set of produc-

tions simultaneously within a campaign using the
various external power systems, depending on the
process arrangement in time one may obtain dif-
ferent loading and often in some time periods it may
exceed significantly the allowable threshold level of
the external power system.

AlJ.l ]

W -

A Ilm Im

Fig. 1. Gant’s chart of a production campaign of two
processes.

Considering the operation of such a production
system, one may find ways to dislocate the produc-
tions themselves in the course of overall production
or to delay the start-up of any one of the batches in a
series or to change its size. Obviously, using these
control variables one can reach optimal load of the
relevant power systems.

The aim of the study was to determine, within a
campaign and for batch production, the values of the
batch size, the delay of production start-up in a
campaign, compared to a pre-selected basic pro-
duction, as well as the waiting time interval among
the individual batches - in such a way as to ensure
the external power system by type the best loading
in terms of a pre-selected criterion. Additionally, the
number of batches in each production, pre-deter-
mined in order to fulfil the planned overall pro-
duction program, has to be determined. In order to
solve such a task, it is evident that one has to
propose appropriate criterion relationships to be able
to evaluate the power demand, as well as to for-
mulate appropriate mathematical models, describing
the power consumption in time.

The aim of the study was to formulate a mathe-
matical model for evaluation of the control inde-
pendent variables that ensure pre-determined
loading requirements of the power systems during
MMBCEP operation in a fixed production campaign.

Theory

Basic data. Let us consider the sets of variables,
as follows:
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Set ]{il,iz,...,iN } — set of products subject to
simultaneous production.

Set Ji{jl,jz,...,jN } — set of stages of any
separate production process.

Set B {pl,pz, ..... pN} — set of processes

within any production stage.
Additionally, also consider the data, as follows:

e.. — the amount of power of type w, required

ypw
to produce a unit mass of end product during the p-
th process of the j-th stage and in the i-th production
line.

The power demand in the case of permanent
loading during the process will be:

Dijpw = M , respectively,
ijp
where 7, is the time interval of the relevant process,
and B; is the batch size.
The duration of each stage of a given production

will be:
=21, ., Viel,Vjel.
Py
The amount of mass of product of any kind for
the planning horizon H should not be less than the

previously fixed value, namely, Gf”"’ )

The cycle time intervals of the productions
operating in regime of overlapping cycles is calcu-
lated by means of the equation t; = max ;(t;;) , and

in the cases where the production arrangement is
without overlapping of cycles, the cycle time will be

i :ZTU"
J

It is assumed also that the relationships for
determination of the process time intervals as a
function of the batch size are known:

rf

Tjp = Ep(Bi)y Vi€,V e,V , el

The Max and Min batch size are also previously
calculated for any product:

MIN I/IJM[N MAX I/IJMAX .
BY™ =MIN{-“—t, B"™=MIN{Z—| Viel

Siy Siy

where VN ,V[}WAX indicate the maximum and the

ij
minimum permissible volumes of the vessels used
in the relevant production stages, and s; is the
dimension coefficient that determines the vessel’s
volume required to produce a unit mass of end
product corresponding to the i-th production j-th-
stage. Besides, one assumes the maximum per-
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missible average intensity of loading of the relevant

power system, P,"**, to be predetermined.

T T
Al X, l i l L]
v b
AT T Tz
i Tz & i3 5
A3 & @ & L . 9 -

E;ll E;
‘Di?'\ P;Bl
5 v

-titne for ranning a stage
g g

@—0 -wuiting time for afollowing batch

Fig. 2. Gant’s chart of a production including three
stages.

Control variables. The following sets of
continuous control variables are entered:

- Time intreval of dislocation of the start-up of
operation of the separate productions X;, Viel.

- Waiting time interval among the separate

production batches §;, Viel.
- Size of the batch mass produced -
B Viel.

)
The size of the batch mass produced,
corresponding to each product, may assume values

within the fixed range BI.MN , BI.MAX , previously cal-

culated and depending on the degree of com-
pleteness of the individual batch vessels, engaged in
the production of a given product. The intensity of
the power demand of given type and/or the time
interval of the individual processes are directly
related to the size of the production lot.

Constraints. The following sets of inequality
constraints are entered:

- Constraints of permissible size of the batch of
product:

BMN < g <BMX | viel (1)

- Constraints for permissible waiting time inter-
val between the batches:

0<s, <A Nt
N.

4

Viel )

where

B.

1

min
N; {Gi J , Viel
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means permissible minimum number of batches that
has to be produced in each production process for
the planning horizon H.

- Constraints for the allowable dislocation time
intervals for the start-up of each batch relevant to
one basic production process:

0<X,<(z,+8,), Viel 3)

- Constraints providing for execution of the
programme by quantities:

G <
T, + 5]

il JBi, Viel (4)

- Constraints providing for execution of the time
programme:

(t;+S,)N,<H, Viel (5)

- Constraint providing for permissible average
power demand during production of the products in
the campaign in the course of the planning:

D P8, B ) <SP Ywe W (6)
i
Mathematical model of power consumption during

production campaign

The function of variation of the intensity of
power of any type for each process and stage of
production can be written analytically by repre-
senting the periodical function of loading through
Fourier series (Fig. 2):

0

A
ypw(sl’Xl’Bz’t) gm} +
Z( ijpw Sln( ﬂk

TA

(e )D L)

o3 o )

where 7;* = 7; + S,

Sy LYY z Y
=X, + Tijp T ’Cljp Tjji Tiip>
Peh

J=Lpe Py

Vi, j,p

k is the harmonic number of the development in

0 k k
series of Fourier, Ay, Ay, By,

coefficients that can be determined, depending on
the loading curve by using analytical relationships
reported for the most frequent cases or for arbitrary

are the Fourier

curves by using numerical methods. The coeffi-
cients referring to the cases of permanent loading
during some process (which is the most frequent
case) depend only on the process time interval and
on the constant power -component and they can be
written, as shown below:

0 2 €jjpy B
ijpw = = i)
T;
e 27k T;;
ko _ Sijpw , ijp
A,-ij e B; sm[ - J, ®)
ijp T;
e 2nk t;;
ko _ Sipw ijp
By = B; cos( * J
T jip T;

Based on the Fourier transformation of the sepa-
rate processes, one can write the analytical equa-
tions of the stages, of the productions and of the
campaign, as follows:

- The capacity of power demand of any kind in
stage j of a given production i is described as:

lIW(Sl’Xz’Bz’t) Pz/cvfw(SiaBj )+
Rj\ifr(Si9XiﬂBj)t)7 ViEI,VjGJ, )
YweW

where

Al
Pcanst S , B — upw ,
gw ( 1 i ) ; 2 (10)

Viel,VjeJ,YweW

)
Ti
-3

Tk "
’ Z( ijpw €08 (22',* (t - Tt;f?!f )}J

- Capacity of power demand of any type for
production i is described as:

Pw (Si9Xi9Bi9t) :I)ijvanSt(SivBi)+

Pvar(si’Xwat ):

ijw
Z(AUI;W sin (

k

(1n

(12)
+ P (S, X,,B,,t),Viel,NweW
where
Pconvt S B ZPIJc“znvt S B)
(13)

Viel,VwelW
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Pi:;”( Si, X, Bt )ZZEJV\?( Si» X, Bt )a

J (14)
Viel,NSNweW

- Capacity of power demand of any type for the
whole campaign is described as:

P, (s,x,B,t)=Pe(8,B)+P*(S,x,B,)
(15)

where:

P cons f S B

chonst S B)

PY(S,X,B,t) ZP”‘" S X, Byt ) .

The constant component of the capacity of the
power demand P:”™" does not depend on time and

it is considered to be the ideal value that should be
targeted as a result of the control of the production
campaign based on criterion of minimum oscilla-

tion. The variable component P, shows the power

variance around the permanent component. This
function can be used for assessing the degree of de-
viation of the real curve compared to the ideal one.

The variable component is determined by the
relationship:

H
[Py (s, x,B,1 )de=0.
0

(16)

Objective function. The deviation of the real
curve with respect to the ideal one is evaluated by
the relationship:

H
H P (S,X,B,t)|dt
J = 0

w

100%. (17)

const
H P

Formulation of the problem of optimal control
ensuring minimum variance of the power demand

The problem of optimal control of a given pro-
duction campaign providing for minimum deviation
of the curve of the power loading with regard to the
ideal curve can be formulated as a non-linear pro-
gamming task with continuous independent vari-
ables, as follows: the values of the sets of control
variables (S, X, B) are found in such a way as to
ensure minimum of the objective function (Eqn.
(17)) conforming to the set of inequality constraints
(Egns. (1) through (6)). Thus formulated, the task

418

can be solved by using some of the known NLP
techniques [17].

Example problem. An example represents the
production process of three different products,
carried out simultaneously in one production
campaign. The workshop, involved in producing the
three products, contains three reaction units with
similar vessels of different operating volumes.

Table 1 contains the data related to the vessels.

Table 1. Data related to the vessels.

Ves- Work Ves- Work Ves- Work
sels volume sels volume sels volume
type P (min/max) type V (min/max) typeD (min/max)

P1 300/300 V1 300/300 D1 140/140
P2 250/250 V2 400/400 D2 160/160
P3 250/250 V3 250/250

Table 2 contains the time intervals of the
production stages in terms of products.

Table 2. Time intervals of the production stages in terms
of products.

Stage Production A Production B Production C
Stage 1 30 min. 30 min. 30 min.
Stage 2 240 min. 240 min. 240 min.
Stage 3 30 min. 30 min.

The size coefficients (indicating the required
operating volumes for production of unit of end
product) by individual stages and productions are
presented in Table 3.

Table 3. Size coefficients by individual stages and
productions.

Stage/Product Stage 1 Stage 2 Stage 3
Product A 1.2 1.96 6.3
Product B 1.2 1.23 7.3
Product C 1.2 1

The power required to produce a unit of end
product by individual stages and productions is
given in Table 4.

Table 4. Power required to produce an end product unit
by individual stages and productions.

No Power required for production of a unit product
in stage
Stage 1, kW Stage 2, kW Stage 3, kW
Product A 0.24 0 0.092
Product B 0.295 0 0.11
Product C 0.029 0

The planning horizon of this
campaign is H = 100 hours.

Table 5 describes the vessels for production of
products “A”, “B” and “C”.

production



B. B. Ivanov and K. 1. Mintchev: Control of production campaigns

The task was solved by using software package
ECAM performing a NLP task.

Table 5. List of the vessels relevant to separate pro-
ductions.

Table 6 contains the optimal values of the control Production  Stage |  Stage 2 Stage3  Planned
variables. process amount
Figures 3, 4 and 5 illustrate the curves of Product A Pl Vi DI 400
variation of the power demand, corresponding to the Product B P2 V2 D2 250
individual productions and the total loading of the Product C P3 V3 3000
power system.
Table 6. Optimal values of the control variables.
Production Time of Time of cycle and Optimum size of abatch ~ Maximum  Mean power in Process
starting-up,  waiting time between and total amount produced peak power, the planning variability,
h batches, h in the horizon, kg kW horizon, kW %
A 0 5.47/1.47 22.22/406.2 10.56 1.34 11.17
B 1.06 7.33/3.33 21.91/298.9 13.2 1.21 67.5
C 2.52 6.909/2.909 208.33/3015 12.1 0.87 52.5
A+B+C 25.01 3.433 16.325
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Fig. 3. Loading of the power system at optimal dislocation (arrangement) of the start-up of productions “B” and “C”
with regard to production “A”. Upper curve — overall loading of the power system during operation of the three
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with regard to production “A”. Upper curve — overall loading of the power system during operation of the three
production processes; Lower curve — loading due to production process “C”.
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CONSLUSIONS

Based on the analysis of production campaigns
involving power supply systems in MBCP
operation, the following conclusions could be
drawn:- A mathematical model of the general
problem of controlling the production campaigns of
MBCP operation, while accounting for the power
loading of the external power supply systems, is
proposed.

- The control problem is formulated as a task of
the non-linear mathematical programming metho-
dology.

- The theory proposed is verified by an example
problem solved by using software package ECAM.
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VYIIPABJIEHUE HA ITPOM3BOJACTBEHU KAMITAHUHN, OCUT'YPABAIIO OIITUMAJIHO
HATOBAPBAHE HA EHEPT'OCUCTEMMUTE I1PU PABOTATA HA MHOI'OLIEJIEBU 3ABO/IU
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(Pesrome)

Paborara e mocBereHa Ha mpoGiiemMa 3a ONTHMAJIHOTO HAaTOBapBaHEe Ha OOLIMTE CHCTEMH 3a CHEPro3axpaHBaHE Ha
MHOTOLIETIEBH 3aBOJY, PabOTeIM B PEXUM HAa NPOM3BOJICTBCHH KaMIaHWU. IIpeaniokeH € MaTeMaTHYeH METoH 3a
olpe/ieNsiHe HA YIPABIABAILUTE HE3aBUCHMH IIPOMEHIIMBH, OCHI'YPSABAIld MHMHHMAJIHO OTKIOHEHHE Ha KPHBUTE Ha
HAaTOBApPBAHETO HA CHOTBETHUTE EHEPIOCUCTEMH OT HJICATHUTE TaKUBa. 3a ONMCAHUE Ha MOJENHUTE Ha IOTpedIeHne Ha
€Heprus Ha OTAENHHUTE [IPOU3BOACTBA U POU3BOACTBEHHATA KAMIIAHUA Ca M3M0JI3yBaHU penose Ha Dypue. 3anauara 3a
ONTHUMAJHO YIpaBleHHEe € (OopMynIupaHa KaTo 3aJada Ha HEIMHEHHOTO MaTeMAaTHYHOTO IIporpaMupaHe. 3a
MIOTBBPKICHUE Ha MIPEAJIaraHusl METO/ € MIPEAJIOKEH TECTOB IIPUMep.
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Synthesis and antimicrobial activity of 2,10-dichloro-6-substituted amino acid ester-
12H-dibenzo[d,g][1,3,2]dioxaphosphocin-6-oxides
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A new class of 2,10-dichloro-6-substituted amino acid ester-12H-dibenzo[d,g][1,3,2]dioxaphosphocin-6-oxides have
been synthesized in good yields via the condensation of 2,10-dichloro-6-chloro-12H-dibenzo[d,g][1,3,2]dioxa-
phosphocin with various amino acid esters in the presence of triethylamine. The title compounds were characterized by
elemental analysis, IRS, NMR (‘H, °C and *'P) and mass spectral studies and found to exhibit moderate antimicrobial

activity.

Key words: Dioxaphosphocin-6-oxides, amino acid esters, spectral studies, antimicrobial activity.

INTRODUCTION

Phosphoramide compounds substituted with
amino acid esters are important class of rationally
designated therapeutics especially with antineo-
plastic properties. Phosphate triester derivatives of
nucleotides have been prepared as the memberane-
soluble prodrug of the bio-active nucleotides and
were found to contain good activity against HIV-1
in-vitro [1]. The aryloxyphosphoramidates were
found to exhibit enhanced activity against HIV-1
and HIV-2 in cellular culture, compared to their
parent ddN’s with full retention of activity in
thymidine kinase — deficient cell lines [2,3]. This type
of nucleosides have been shown to be potent
inhibitors of HIV and to display reduced toxicity in
progenitorcells [4-6]. Exhaustive modifications to
the amino acid moiety in aryloxyphosphoramidate
have established L-alanine to be optimal for anti-
viral activity [7]. Hence synthesis of the title com-
pounds were contemplated and accomplished. They
have been characterised by elemental analysis, IRS,
multi NMR and mass spectral analysis.

EXPERIMENTAL

Melting points were determined in open capillary
tubes on a Mel-Temp apparatus and were uncor-
rected. IR spectra (Vi in cm’l) were recorded in KBr
pellets on Perkin Elmer 1000 unit. The 'H, °C and
3'P NMR spectra were recorded on Varian Gemini
300 and Varian AM X 400 MHz NMR spectrometer
operating at 300 or 400 MHz for 'H, 75.46 or

* To whom all correspondence should be sent:
E-mail: csureshsvu@yahoo.com
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100.57 MHz for C and 121.7 MHz for *'P. All the
compounds were dissolved in DMSO-d¢ and
chemical shifts were referenced to TMS ('H and
BC) and 85% H;PO, (*'P). Micro analytical data
were obtained from Central Drug Research Institute,
Lucknow, India.

RESULT AND DISCUSSION

The synthetic route (Scheme 1) involves the
cyclocondensation of 5,5'-dichloro-2,2'-dihydroxy
biphenyl methane (1) with phosphorus oxychloride
at 0°C under inert and anhydrous conditions in dry
toluene to afford the 2,10-dichloro-6-chloro-12H-
dibenzo[d,g][1,3,2]dioxaphosphocin-6-oxide (3) and
its subsequent condensation with various amino acid
esters in the presence of triethylamine in dry tetra-
hydrofuran at room temperature. The final products
were purified by column chromatography using
hexane, ethyl acetate as step gradient mixtures as
eluents.

IR spectra of 4a—i showed absorption bands at
3383-3333, 1759-1733 and 1241-1219 cm ' for NH
[8], C=0 and P=0 [9, 10], respectively (Table 1).
Their '"H NMR spectra gave complex multiplets at
6.72—7.91 for aromatic protons (Table 2). The split-
ting pattern of bridged methylene protons showed
their non-equivalance [11]. One of the bridging
protons appeared as doublet of doublet in the region
4.21-4.41 (dd, *Juy = 12.9-13.9 Hz and *Jpy = 3.5—
4.3 Hz) due to the germinal coupling with the
another bridging proton and long range coupling
with the phosphorus. Second bridging proton reso-
nated as doublet in the region § 3.57-3.65 (2JHH =
13.6-14.9 Hz) due to germinal coupling with

© 2009 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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germinal proton and its arrangement masked it from
coupling with phosphorus.

Table 1. Infrared spectral data of compounds 4a—i.

1

" X ) ) Comp. IR band maximum, cm~
The dioxaphosphocin ring in all these com- NoH -0 =0
pounds appeared to exist in boat like configuration, ™ 3351 751 VB
in which one of the bridging protons protruded away 4b 3374 1736 1238
from the phosphorus. The NH proton resonated as a 4c 3333 1749 1230
broad singlet in the region ¢ 3.82-5.43. 4d 3371 1742 1231
o 4e 3342 1752 1239
SR af 3356 1746 1224
H H 4g 3364 1759 1241
o 4h 3383 1733 1237
— 0o 4i 3341 1742 1219
3
© c1 s ':11 | d
OH = 1] 1] = o 0
= Tohuene, TEA “._4  THF,RNH,HC1 Eac}[\ \}P{
CH; 4ROCY, — e P T TEassaet nmy =~ HHE
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OH P
€1 o B2
[ih} @ 3 (dai)
Comp ound E Compound R
4 —CHCOOCH, #  —CHCOOCH,
G
R —CH,COOCH,CH, CH(CH; )
4  —CHCOOCH; e —gHcocch
i CHCH,
CH, i
CH.CH;
2o e HEOOCHS 4h  —CHCOOCH,
= CHyCH,
4 —CHCOOCH,
= CH,C1
4e g 1
H;CO0C
Scheme 1.

Table 2. 'H NMR spectral data™ of compounds 4a—i.

Comp. Ar-H CH, N-H Amino acid ester
4a 6.82-7.74 4.33(dd,J=13.2, 3.9 Hz), 3.92 (brs, 1H) 447 (s, 3H, OCH3), 3.87 (s, 2H, CH,)
(m, 6H) 3.61(d,J=13.5Hz)
4b 6.89-7.86 4.25(dd,J=13.4,3.5Hz), 4.12 (brs, 1H) 4.39 (q,J=7.1 Hz, 3H, OCH,), 3.79 (s, 2H, CH)),
(m, 6H) 3.63(d, J=13.8 Hz) 3.12 (t,J= 6.9 Hz, 3H, CHx)
4c 6.72-7.79 4.21(dd,J=13.7,4.1 Hz), 4.62 (s, 1H) 4.29 (s, 3H, OCHz), 3.40 (m, 1H, CH),
(m, 6H) 3.65(d,J=13.9 Hz) 1.41 (d, J=17.9 Hz, 3H, CH-CH3)
4d  7.02-7.93 4.23(dd,J=12.9,3.5Hz), 4.45s, 1H) 4.79 (s, 1H, CH), 4.40 (s, 3H, OCH)
(m, 11H) 3.61(d,J=13.2Hz)
4e 6.97-7.82 4.22(dd,J=13.2,3.6 Hz), 5.43 (s, 1H) 4.11 (s, 3H, OCHz)
(m, 10H) 3.64(d,J=13.2 Hz)
4f 6.93-7.91 4.24(dd,J=13.5,4.2 Hz), - 4.32 (s, 3H, OCH;), 3.41 (t, 1H, -CH-CH,),
(m, 6H) 3.59(d,J=14.2 Hz) 1.78-1.73 (m, 2H, -CH-CH,-CH(CHy;),),
1.51-1.45 (m, 1H, -CH-CH,—~CH(CH3),), 1.09-0.96 (m, 6H)
4g  7.03-7.88 431(dd,J=13.9,3.7Hz), 5.13(s, 1H) 4.19 (s, 3H, OCHj), 3.58-3.52 (m, 1H, -CH-CH(CH;)-CH,CH),
(m, 6H) 3.57(d,J=13.8 Hz) 2.21-2.25 (m, 1H, -CH-CH(CH;)CH,CH,),
1.51-1.48 (m, 2H, CHCH(CH;)CH,CHj3;), 1.09-0.94 (m, 6H)
4h 7.01-7.74 4.41(dd,J=13.2,4.3 Hz), 3.83 (brs, 1H) 4.24 (s, 3H, OCH3), 3.51 (m, 1H, CH(COOCH;)CH,),
(m, 6H) 3.61(d,J=13.6 Hz) 2.08-2.02 (m, 2H, CH,—CH3), 1.02 (t, J = 7.4 Hz, 3H, CH,—CH;)
4i 6.82-7.71 4.29 (dd, J=13.5,3.7Hz), 5.04 (s, 1H) 4.23 (s, 3H, OCHj3), 4.10-3.91 (m, 2H, CH,Cl),
(m, 6H) 3.59(d,J= 13.5Hz) 3.58 (s, 1H, CH)

a - Chemical shifts are in ppm from TMS and coupling constants (J) in Hz are given in parenthesis; b - Recorded in DMSO-d;.
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Their "*C chemical shifts were interpreted based
on comparison of basic units, present in them.
Because of the symmetrical nature of dibenzophos-
phocin moiety only seven "*C signals were observed
for thirteen carbons (Table 3). The oxygen bearing
C (4a) and C (7a) atoms gave signals in the down
field 149.97-152.41 ppm as a doublet (*/poc = 6.9—
7.3 Hz). The doublets at § 131.72-132.98 (d, J =
3.7-4.5 Hz) were assigned to the C-11a and C-12a
atoms. The chemical shifts in the region 130.98—
131.92 ppm were assigned to chlorine bearing C-2
and C-10 atoms. The carbonyl carbon of amino acid
ester moiety appeared at & 169.49—-176.2.

3'P NMR chemical shifts [12] for all the title com-
pounds were observed in the region 2.13-8.19 ppm
(Table 4). The compounds 4a and 4b exhibited mole-
cular ion peaks at their respective and relative mole-
cular ion weights in their mass spectrum (Table 5).

Antimicrobial activity

Compounds 4a—i were screened with respect to

Table 4. Synthetic, elemental and *'P NMR spectral data
of compounds 4a-i.

Elemental 31p
analysis, % NMR,
Found (Calc.) o

C H

Molecular
Formula

Comp. M.p., Yield,
°C %

d4a  162-164 72 CHNOsCLP 4789 3.63 6.75
(47.78) (3.51)
C;HNOsCLP 4921 398 6.82
(49.06) (3.87)
C7H;NOSCLP 49.19 3.99 7.81
(49.06) (3.87)
Cy,H;sNOSCLP 5539 391 7.99
(55.25) (3,79)
CHNOSCLP 5548 3.61 8.19
(54.33) (3.47)
CyoHpNOsCLP 5257 497 2.13
(52.42) (4.84)
CyoHpNOsCLP 5259 5.01 422
(52.42) (4.84)
CisH;sNOsCLP 50.39 4.38 220
(50.25) (4.22)
C;H;sNOsCLP 4542 3.46 5.44
(45.31) (3.35)

4b 171-173 76
4c  149-151 75
4d 197-199 71
4e 133-135 69
4f 204206 77
4g 153-155 74
4h 187-189 79

4i 146-148 73

Table 5. Mass spectral data of compounds 4a and 4c.

Compd. m/z (%)

6 404 [9, M™*+2], 402 [28, M**], 369 (11), 358 (24),
343 (22), 325 (17), 314 (27), 268 (19)
7 418 [9, M™+2], 416 [31, M™*], 383 (17), 372 (16),
343 (21), 339 (19), 314 (21), 268 (16), 140 (32)
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their antibacterial activity against Staphylococcus
aureus (gram positive) and Escherichia coli(gram
negative) by the disc-fusion method [13, 14] in
nutrient agar medium at various concentrations (250,
500 ppm) in dimethyl formamide (DMF). These
solutions were added to each filter disc and DMF
was used as control. The plates were incubated at
35°C and examined for zone of inhibition around
each disc after 24 h. The results were compared with
the activity of the standard antibiotic Penicillin (250
ppm) (Table 6).

The antifungal activity of the synthesized com-
pounds was evaluated against Curvularia lunata and
Aspergillus niger at different concentrations (250,
500 ppm) and Griseofulvin was used as the refer-
ence compound. Fungal cultures were grown on
potato dextrose broth at 25°C and spore suspension
was adjusted to 10° spore/mL. Most of the com-
pounds showed moderate activity against bacteria
and high activity against fungi (Table 7).

Table 6. Antibacterial activity of compounds 4a-i.

Zone of inhibition

Comp. Staphylococcus aureus Escherichia coli

250° 500* 250° 500°

4a 8 13 12 17
4b 7 11 14 19
4c 7 12 13 18
4d 6 11 15 18
4e 8 11 16 25
4f 7 12 14 22
4g 6 12 13 20
4h 5 10 13 19
4i 6 12 14 20

Penicillin® 12 24

a - Concentration in ppm; b - Standard reference.

Table 7. Antifungal activity of compounds 4a-i.

Zone of inhibition

Comp.

Curvularia lunata Asperigillus niger

250° 500° 250° 500*
4a 16 27 20 27
4b 14 21 16 20
4c 16 23 19 25
4d 16 22 22 29
4e 14 20 19 26
4f 18 28 23 31
4g 15 27 13 17
4h 15 26 21 29
4i 16 21 15 20

Griseofulvin"® 23 26

a - Concentration in ppm; b - Standard reference.
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Synthesis of 2, 10-dichloro-6-glycene methyl ester- thanks to Prof. C. Devendranath Reddy, Department
12H-dibenzo[d,g][1,3,2]dioxaphosphocin-6-oxid of Chemistry, Sri Venkateswara University, Tirupati
4a. General Procedure for his academic interaction and Director IISc

To a well stirred solution of 5,5'-dichloro-2,2'- (SIC), Bangalore for providing the spectral data.
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After the addition, the temperature of the reaction ~ 2- J- Balzarini, J. Kruining, O. Wedggood, C.
mixture was raised slowly and kept at 55-60°C for 2 Pannecouque, S. Aquro, C. F. Perno, L. Naesen, M.

hours. Completion of the reaction was monitored by gl;lfgu;(zuer;; 121(1){ egg;nﬁ,g]gi’.])Declercq, €. McGuigan,

TLC analysis. After cooling down to room tempe- 3. C. McGuigan, D. Cahard, H. H. Sheeka, E. De Clercq,

rature it was filtered to remove triethylamine hydro- J. Balzarini, Bioorg. Med. Chem. Lett., 6, 1183 (1996).
chloride and evaporated in rotary evaporator to 4. C. McGuigan, D. Cahard, H. H. Sheeka, E. De
obtain concentrated solution of 2,10-dichloro-6- Clercq, J. Balzarini, J. Med. Chem., 39, 1748 (1996).
chloro-12H-dibenzo[d,g][1,3,2]dioxaphosphocin-6- 5. C. McGuigan, H. W. Tsang, D. Cahard, S. Turner, S.
oxide (3), which is used for the next step without Velazquez, A. Salgado, L. Bidois, L. Naesens, E. De
any further purification. Clercq, J . Yelazquez, Antiviral Res., 35, 195 (1997)
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32,162 (1987).
7. M. Baba, R. Pauwels, P. Hardewifn, E. De Clercq, J.
Desmyter, M. Vandeputte, Biochem. Biophys. Res.

mole) in dry tetrahydrofuran (30 mL), a solution of
L-glycine methyl ester (0.698 g, 0.005 mole) was

added at room temperature. Progress of Fhe reacti.on Commun., 142, 128 (1987).

was monitored by TLC analysis. Triethylamine 8. M. M. Mansuri, M. J. M. Hitchcock, R. A. Buroker,
hydrochloride was filtered and the filtrate was C. L. Bergman, I. Ghazzouli, J. V. Descdrio, J. E.
evaporated in rotary evaporator. Finally, the residue Starrett, R. Z. Jr. Sterzycki, J. C. Martin, Antimicrob.
was purified by column chromatography by using Agents Chemother., 34, 637(1990). ‘ N
hexane and ethyl acetate mixtures as eluents to yield ~ 9- W. Kemp, Organic Spectroscopy, Third Edition,
1.63 g (72%) m.p. 162—164°C. Palgrave Publishers Ltd. New YOI'k, 1991, J o 83-86.

10. K. A. Kumar, C. S. Reddy, C. D. Reddy, Phosphorus,
Sulfur Silicon, 177, 1745 (2000).

11. K. A. Kumar, C. S. Reddy, L. N. Prasad Rao, C. N.
Raju, Heterocyclic Commun., 7,253 (2001).

SUMMARY 12. B. S. Kumar, A. U. Ravi Sankar, C. S. Reddy, S. K.

A new class of phosphomides substituted with Nayak, C. N. Raju, Arkivoc, 13, 155 (2007). .
aminoacid esters having gOOd anti—rnicrobial activity 13. 1. C. VlIlCGIlt, H. W. VlIlCCnt, Proc. Soc. El’lpt Biol.

were synthesized conveniently in good yields Med., 55, 162 (1944).
y ymeg y ’ 14. H. J. Benson, Microbiological applications, 5™ Edn.,
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Analogous compounds were prepared by
adopting the same procedure.
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(Pesrome)

Cuntesupann ca ¢ no0bp moOuB HOB kiac 2,10-muxiop-6-3aMecTeHH C ecTepd Ha aMHHOKHCeNnuHH-12H-
mben3o[d,g][1,3,2]mu-okcadochounH-6-okcuan upe3 KoHmeH3ammsa Ha 12H-gubenso[d,g][1,3,2]arokcadochonnn ¢
pa3MuHA €CTepy Ha aMUHOKHCEIMHH B IPUCHCTBHE Ha TpueTwiamMuH. CheIUHEHHATA Ca OXapaKTEePU3UPAHU C
enemenren ananus, TYC, SIMP ("H, *C u *'P) u maccnextpockomnus i mokassar yMepeHa aHTHMHUKPOOHa aKTUBHOCT.

426



Bulgarian Chemical Communications, Volume 41, Number 4, 2009

AUTHOR INDEX

Abdel-Sayed N. 1., Novel routes to triazino[5,6-b]indole

and indolo[2,3-b]quinoxaline derivatives....... 362
Aher H.R., See Kokate S. J.,etal. ...................... 272
Alov P. S., see TsekovaD.S.,etal. ..................... 133
Andonovski A., See Spasevska H., etal. ................ 297
Andreeva D. H., See Petrova P, etal. .................. 277
Atanasova D. A., Hydrometallurgical processing of

dumped lead paste for lead acid batteries ...... 285
Azab M. E., see Madkour H. M. F.,etal. ............... 12
Bakavoli M., See Davoodnia A., etal. .................. 226
Barbucci A., see Raikova G.,etal. ...................... 199
Barth T., see Pencheva N. St.,etal. ..................... 138
Belagali S. L., see Shanthalakshmi K., etal. ........... 380

Bocheva A. I, E. B. Dzambazova, Opioidergic system and
second messengers affected the nociceptive effects
of Tyr-MIF-1’s after three models of stress .... 153

Bocheva A. 1., see Dzambazova E. B., etal. ........... 116
Bocheva A. 1., see Pencheva N. St., etal. ............... 138
Brachkov C., See Spasevska H., etal. .................. 297
Brito G. O., see D’Alkaine C.,etal. ..................... 176
Budinova T., see Tsyntsarski B., et al. ...........c.cv........ 397
Carpanese P., see Raikova G.,etal. ..................... 199

D’Alkaine C., G. O. Brito, C. M. Garcia, P. R. Impinnisi,
Experimental critical analysis of plate impedance
........................................................ 176

Danalev D. L., L. K. Yotova, Synthesis of model peptide
substrates and investigation of the reaction of their
phenylacetyl protecting group enzyme transfor-
mation by means of penicillin G acylase ......... 122

Danalev D. L., L. T. Vezenkov, Design, synthesis and
anticoagulant studies of new antistasin isoform 2

and 3 amide analogues ..................oeinnnnne 99
Danalev D. L., see IvanovI. T.,etal. .................... 143
Danalev, D. see Koleva M., etal. ........................ 160
Das M., see M. Hossain Sk., etal. ....................... 355
Daskalova N. N., see Petrova P. P.,etal. ................ 65

Datta A., W.-S. Hwang, N. Revaprasadu, One new
carboxylato-bridged dimeric network of Co(Il):
Synthesis and structural aspects ................. 261

Davoodnia A., M. Bakavoli, N. Zareei, N. Tavakoli-
Hoseini, Base-catalyzed synthesis of 2-thioxo-2,3-
dihydrothieno[2,3-d]pyrimidin-4(1H)-ones  and
isolation of intermediates using microwave
rradiation ..........cooeiiiiiii 226

Devi L. G., K. S. A. Raju, K. E. Rajashekhar, S. G.
Kumar, Degradation mechanism of diazo dyes by
photo-Fenton-like process: Influence of various
reaction parameters on the degradation
Kinetics. ......oovveiiiiiii 385

Diankova Sv. M., M. D. Doneva, Analysis of oxycel-
lulose obtained by controlled oxidation with

different reagents...........c.cooeviiiiiiiiiininn 391
Dimova L., See LiharevaN.,etal. ....................... 266
Doneva M. D., see Diankova Sv. M., etal. ............. 391

Dzambazova E. B., A. I. Bocheva, V. P. Nikolova,
Involvement of endogenous nitric oxide in the

effects of kyotorphin and its synthetic analogue on
immobilization and cold stress-induced analgesia

........................................................ 116
Dzambazova E. B., see Bocheva A. 1., etal. ........... 153
Elsner N., see Vezenkov St. R.,etal. ................... 104
Escuder B., see Tsekova D. S.,etal. ........cccvevvenennns 110
Escuder B., see TsekovaD. S.,etal. .................... 133

Fidan N. F., B. 1zgi, Determination of antimony in
gunshot residues (GSR) by electrothermal atomic

absorption spectrometry..............o.oeeuvennnn. 404
Figaszewski Z. A., see Gorodkiewicz E., et al. ........... 23
Figaszewski Z. A., see Naumowicz M., etal. .......... 167
Figaszewski Z. A., see Naumowicz M., etal. ......... 185
Garcia C. M., see D'Alkaine C.,etal. ................... 176

Girchev R. A., P. P. Markova, E. D. Naydenova, L. T.
Vezenkov, Fast oscillations of arterial blood
pressure during nociceptin analogues application

in Wistar rats .........ooooeiiiiiiiniiieeeenns. 127
Gnanendra C. R., see Kumar H. V., etal. ............... 72
Gorneva G. A., see Tsekova D. S.,etal. ............... 133

Gorodkiewicz E., A. Sankiewicz, 1. Sveklo, Z.A. Figa-
szewski, Atomic force microscopy for the char-
acterization of human platelets before and after
interaction with selected anticoagulant drugs ... 23

Gowda D. Ch., see Kumar H. V., etal. .................. 72
Grancharska K. Zh., see Pencheva N. St., etal. ........ 138
Grozeva Z. S., see Konsulov V. B.,etal. ............... 31
Havezov 1. P., see Petrova P. P.,etal. ..................... 65

Hodjaoglu G. A., A. T. Hrussanova, 1. S. Ivanov,
Potentiodynamic and galvanostatic investigations
of copper deposition from sulphate electrolytes

containing large amount of zinc ................. 330
Hrussanova A. T., See Hodjaoglu G. A, etal. ......... 330
Hwang W.-S., See Datta A.,etal. ...............cooune. 261
Ibraheem M. A. E., see Madkour H. M. F., etal. ...... 12
Ignatova K. N., see Petkov L. N.,etal. .................. 39
Ilieva L., See Petrova P.,etal. ..............oooevviinnn. 277
Impinnisi P. R., see D"Alkaine C., etal. ................. 176

Ivanov B. B., K. I. Mintchev, Control of production
campaigns with optimal loading of the power
systems during multipurpose and multiproduct

batch chemical plants operation.................. 414
Ivanov . S., See Hodjaoglu G. A, etal. ................ 330
Ivanov L. T., D. L. Danalev, L. T. Vezenkov, New peptide

mimetics with potential p-secretase inhibition

ACHIVILY teveet et 143
Ivanova D., see Koleva M., etal. ........................ 160
Ivanova E. H., see KolevaB. D.etal. ...................... 3
Izgi B.,see FidanN. F..etal. ............................. 404
Jagannadham V., The attenuation effect through

methylene group .........c.cooeeiiiiiiiiiiiiiin, 50

Jailakshmi K., K. M. Lokanatha Rai, H. D. Revana-
siddappa, Synthesis, characterization and some
properties of lanthanum complex of bis(2-n-butyl-
4-chloro-imidazole)-5-iminoethane, a salen type
ligand .....oooviniiii 46



Jeyasundari J., see Sathiyabama J.,etal. ................ 374
Kalinova R., See Spasevska H., etal. .................... 297
Kasthuraiah M., M. V. N. Reddy, A. U. R. Sankar, B. S.
Kumar, C. S. Reddy, Synthesis of phosphorus,
nitrogen, oxygen and sulphur macrocycles ...248

Katz E., see TsekovaD.S.,etal. ......................... 133
Kaus R., see Schiller C. A.,etal. ......................... 192
Keshavarz M. H., See Pouretedal H. R., et al. .......... 230

Kokate S. J., H. R. Aher, S. R. Kuchekar, Reversed
phase extraction chromatographic separation of
palladium(II) using liquid anion exchanger .. 272

Koleva B. D., Flow injection analysis coupled with
atomic spectrometry (Review)....................... 3
Koleva M., D. Danalev, D. Ivanova, L. Vezenkov, N.
Vassilev, Synthesis of two peptide mimetics as
markers for chemical changes of wool’s keratin
during skin unhairing process and comparison of
the wool quality obtained by ecological methods
for skins unhairing ....................ooeeiinin. 160
Konsulov V. B., Z. S. Grozeva, J. 1. Tacheva, K. D.
Tachev, Study of the copolymerization of N-

(dichlorophenyl)maleimides with methyl
methacrylate ..., 31
Krishna A. B., see Kumar B. S.,etal. .................. 422
Kuchekar S. R., See Kokate S. J.,etal. ................. 272

Kumar B. S., M. V. N. Reddy, G. C. S. Reddy, A. B.
Krishna, C. S. Reddy, Synthesis and antimicrobial
activity of 2,10-dichloro-6-substituted amino acid
ester-12H-dibenzo[d,g][1,3,2]dioxaphos-phocin-6-

OXIA@S. . eev ettt 422
Kumar B. S., See Kasthuraiah M., etal. ................ 248
Kumar B. S., see Sankar A. U. R.,etal. .................. 59

Kumar H. V., C. R. Gnanendra, D. Ch. Gowda, N. Naik,
Synthesis of aminoacid analogues of 10-methoxy-
dibenz[b,flazepine and evaluation of their radical

scavenging activity .............ocoeoieiiiann.. 72
Kumar S. G.,see DeviL. G.,etal. ...................... 385
Lakshmi R. U. N., See Mohan Ch., etal. ............... 236
Lazarova Z., See Tonova K., etal. ....................... 323
Lihareva N., L. Dimova, O. Petrov, Y. Tzvetanova,

Investigation of Zn sorption by natural

clinoptilolite and mordenite ....................... 266
Lokanatha Rai K. M., see Jailakshmi K., etal. .......... 46

Loonker S., J. K. Sethia, Use of newly synthesized guar
based chelating ion exchange resin in chroma-
tographic separation of copper from nickel ions 19

M. Hossain Sk., M. Das, Biomethanation of black liquor
in fluidized-bed bioreactor........................ 355

Madkour H. M. F., M. E. Azab, M. A. E. Ibraheem,
5,6,7,8-Tetrahydrobenzo[b]thieno[2,3-d]pyrimi-
dine-4(3H)-one as a synthon of heterocyclic
D) 17511 S 12

Makakova E. Ts., see Tsekova D. S., etal. ............. 133

Makedonski L., V,0s-ZrO, catalyst for selective oxida-
tion of o-xylene to phthalic anhydride: I. Catalyst
preparation, catalytic activity and selectivity
MEASUIEMENtS .. ..veneneneeneneiereneeneeeeeneeee 303

Makedonski L., V,0s-ZrO, catalyst for selective oxida-
tion of o-xylene to phthalic anhydride: II. Physi-
cochemical characterisation of the catalyst .....313

428

Marinova N., D. Yankov, Toxicity of some solvents and
extractants towards Lactobacillus Casei cells.. 368

Markova P. P., see GirchevR. A.,etal. ................. 127
Marzouk M. 1., Microwave assisted condensation of

hydrazone derivatives with aldehydes ............ 84
Marzouk M. 1., Microwave-assisted reaction in synthesis

of tetra- and hexa-cyclic spiro systems ............. 54
Mintchev K. 1., see Ivanov B. B., etal. .................. 414
Miravet J. F., see Tsekova D. S.,etal. .................. 133
Miravet J., see Tsekova D. S., etal. .....ccceevveuveenennen. 110

Mohan Ch., C. N. Raju, A. J. Rao, R. U. N. Lakshmi, An
efficient one-pot synthesis of a-aminophosphonic
acid esters from Schiff bases using sodium
ethoxide as a catalyst (Pudovik reaction) and their
bI0-aCtIVILY ..vneeiiii 236

Mouchovski J. T., K. A. Temelkov, N. K. Vuchkov, N.
V. Sabotinov, Simultaneous growth of high
quality Ca;_,SrF, boules by optimised Bridgman-

Stockbarger apparatus. Reliability of light
transmission measurement ........................ 253
Naik N., see Kumar H. V., etal. .......................... 72
Naumowicz M., Z. A. Figaszewski, Impedance

characteristics of the lipid membranes formed
from the phospholipid-fatty acid mixture ...... 185
Naumowicz M., Z. A. Figaszewski, Impedance
spectroscopy measurements of phosphatidyl-
choline bilayers containing ether dibenzo-18-

CTOWN=0 ..ottt 167
Naydenova E. D., see Girchev R. A.,etal. ............. 127
Nikolova V. P., see Dzambazova E. B, etal. .......... 116
Pajeva I. K., see Tsekova D. S.,etal. ................... 133

Paniraj A. Sh.,, K. M. L. Rai, One pot synthesis of
dihydroisoxazoles via 1,3-dipolar addition of
nitrile oxides to allyl chloride ..................... 80
Pencheva N. St., A. 1. Bocheva, K. Zh. Grancharska, T.
Barth, Antinociceptive effects of des-octapep-tide-
insulin connected with enkephalins .............. 138
Petkov L. N., K. N. Ignatova, Investigation of the
processes and mechanism of electrodeposition of
copper from ammonium nitrate electrolyte by the

method of cyclic voltamperometry ............... 39
Petkov V. V., see Tsekova D. S.,etal. .................. 133
Petrov N., see Tsyntsarski B., et al. ......c.cccccevercnnenne. 397
Petrov O., See Lihareva N.,etal. ........................ 266
Petrova B., see Tsyntsarski B., et al. .......c.ccoeeeenen. 397

Petrova P. P., S. V. Velichkov, 1. P. Havezov, N. N.
Daskalova, Inductively coupled plasma atomic
emission spectrometry — line selection and accu-
racy in the determination of platinum, palladium,
rhodium, barium and lead in automotive catalytic
CONVEITETS . enventteneenietieeieeteneeeeieneeneaeee 65

Petrova P., L. Ilieva, D. H. Andreeva, Redox activity of
gold-molybdena catalysts: influence of the
preparation methods ................coeeiinnnal. 277

Petrova P., R. Tomova, Organic light-emitting diodes
(OLEDs) — the basis of next generation light-
emitting devices (Review) ........................ 211

Petrova T. St., Application of Bessel’s functions in the
modelling of chemical engineering processes
(ReVIeW)....ooiiiiiii 343



Pojarlieff 1., Professor Dimitar Petkov — In memoriam
......................................................... 97
Popova A., see Tsyntsarski B., etal. .........cccevenennne. 397
Pouretedal H. R., B. Shafiee, M. H. Keshavarz,
Simultaneous determination of trace amounts of
thorium and zirconium using spectrophotometric
partial least-squares calibration method ........ 230
Raikova G., P. Carpanese, Z. Stoynov, D. Vladikova, M.
Viviani, A. Barbucci, Inductance correction in

impedance studies of SOFC ...................... 199
Rajashekhar K. E., see Devi L. G., etal. ................ 385
Rajendran S., see Sathiyabama J.,etal. ................. 374
Raju C. N., See Mohan Ch.,etal. ...................... 236
Raju C. N, see Sankar A. U.R.,etal. ................... 59
RajuK.S. A, ,seeDeviL. G.,etal. ..................... 385
Ralf H., see Vezenkov St. R.,etal. ...................... 104
Rao A.J.,, See Mohan Ch.,etal. ......................... 236
Raveesha K. A.,see VenuT.D.,etal. .................. 409
Reddy C. S., See Kasthuraiah M., etal. ................ 248
Reddy C. S., see Kumar B. S.,etal. .................... 422
Reddy C. S., see Sankar A. U. R.;etal. .................. 59
Reddy G. C. S., see Kumar B. S.;etal. ................. 422
Reddy M. V. N., See Kasthuraiah M., etal. ............ 248
Reddy M. V. N., see Kumar B. S.,etal. ................ 422
Reddy M. V_, see Sankar A. U. R,jetal. ................. 59
Reddy S. S., see Sankar A. U. R, etal. .................. 59
Revanasiddappa H. D., see Jailakshmi K., etal. ........ 46
Revaprasadu N., See Datta A.,etal. .................... 261

Rizk H. F., Simple and convenient procedures for the
synthesis of novel heterocyclic compounds con-
taining 1-phenyl-3-pyridylpyrazole moiety .....241

Sabotinov N. V., See Mouchovski J. T., etal. ......... 253

Sankar A. U. R., B. S. Kumar, M. V. Reddy, S. S. Reddy,
C. S. Reddy, C. N. Raju, Synthesis and anti-
microbial activity of 2,4,8,10,13-pentamethyl-6-
substituted-13,14-dihydro-12H-61"-dibenzo[d,i]
[1,3,7,2]dioxazaphosphecin-6-ones/sulfides/sele-

F070) 1TSS 1
Sankar A. U. R., See Kasthuraiah M., etal. ............. 248
Sankiewicz A., see Gorodkiewicz E., et al. ................. 23

Sathiyabama J., S. Rajendran, J. A. Selvi, J. Jeyasundari,
Fluorescein as corrosion inhibitor for carbon steel
mwell water..........ooooviiiiiiiiien, 374

Satish S.,see Venu T.D.,etal. .......................... 409

Schiller C. A., R. Kaus, On-line error determination and
processing for electrochemical impedance
spectroscopy measurement data based on weighted

harmonics autocorrelation ........................ 192
Schopov 1., See Spasevska H., etal. ..................... 297
Selvi J. A., see Sathiyabama J., etal. .................... 374
Sethia J. K., see Loonker S.,etal. ........................ 19
Shafiee B., See Pouretedal H. R., etal. .................. 230

Shanthalakshmi K., S. L. Belagali, Syntheses and
spectrophotometric studies of some bezothiazo-
lylazo dyes - determination of copper, zinc,
cadmium, cobalt and nickel....................... 380

Shashikanth S.,see Venu T.D., etal. ................... 409

Sinigersky V., See Spasevska H., etal. .................. 297
Spasevska H., A. Andonovski, C. Brachkov, S. Stoykova,
R. Kalinova, V. Sinigersky, 1. Schopov, Synthesis
and static light scattering studies of hairy rod
polymers containing 1,3,4-oxadiazole rings in the

repeating Units .........cevvieererreneenennennenenns 297
Stoyanova V. B., see Tsekova D. S.,etal. .............. 149
Stoykova S., See Spasevska H., etal. ................... 297
Stoynov Z., see Raikova G.,etal. ........................ 199
SudhaB. S.,see VenuT.D.,etal. ........................ 409
Surleva A. R., see Tsekova D. S.,etal. ................. 133
Sveklo 1., see Gorodkiewicz E., etal. .......................... 23
Tachev K. D., see Konsulov V. B.,etal. ................. 31
Tacheva J. 1., see Konsulov V. B.,etal. ................. 31
Tancheva L. P., see Tsekova D. S.,etal. ............... 133
Tavakoli-Hoseini N., See Davoodnia A., etal. ......... 226
Temelkov K. A., See Mouchovski J. T., etal. ......... 253
Tomova R., See PetrovaP.,etal. ........................ 211

Tonova K., Z. Lazarova, Modeling of enzymatic
esterification kinetics with respect to the
substrates’ ratio .............oeevnvenenierieneereenenne 323

Tsekova D. S., B. Escuder, J. Miravet, Solvent-free self-
assembly of small organic molecules into fibrilar
MICTOSIUCLULES ...vvnieieiieee e, 110

Tsekova D. S., E. Ts. Makakova, P. S. Alov, G. A.
Gorneva, 1. K. Pajeva, L. P. Tancheva, V. V.
Petkov, A. R. Surleva, B. Escuder, J. F. Miravet,
E. Katz, Structure-activity relationships of new L-
valine derivatives with neuropharmacological
effeCtS . ouii i 133

Tsekova D. S., V. B. Stoyanova, Microstructure of new
metal-organic gels obtained by low molecular
weight gelators ... 149

Tsyntsarski B., B. Petrova, T. Budinova, N. Petrov, A.
Popova, Synthesis and characterization of carbon
foam by low pressure foaming process using

H,SO, modified pitch as precursor............... 397
Tzvetanova Y., See Lihareva N, etal. .................. 266
Vassilev N., see Koleva M., etal. ........................ 160
Velichkov S. V., see Petrova P. P.,etal. ................. 65

Venu T. D., B. S. Sudha, S. Satish, S. Shashikanth, K.
A. Raveesha, Synthesis and antibacterial activity

of new series of dihydrobenzofuranols........ 409
Vezenkov L. T., see Danalev D. L., etal. ............... 99
Vezenkov L. T., see Girchev R. A.,etal. ............... 127
Vezenkov L. T., see Ivanov 1. T.,etal. .................. 143
Vezenkov L., see Koleva M., etal. ....................... 160

Vezenkov St. R., H. Ralf, N. Elsner, From molecule to
sexual behaviour — the role of brain neuropenta-
peptide proctolin in acoustic communication of the
grasshopper Chorthippus Biguttulus (L.1758) 104

Viviani M., see Raikova G.,etal. ....................... 199
Vladikova D., see Raikova G., etal. ..................... 199
Vuchkov N. K., See Mouchovski J. T., etal. ........... 253
Yankov D., see Marinova N.etal. ...................... 368
Yotova L. K., see DanalevD. L.,etal. .................. 122
Zareei N., See Davoodnia A.,etal. ..................... 226

429



Bulgarian Chemical Communications, Volume 41, Number 4, 2009

SUBJECT INDEX

acoustic communication
of the grasshopper Chorthippus Biguttulus
(L.1758). From molecule to sexual behaviour —
the role of brain neuropenta-peptide proctolin in
......................................................... 104
activity
anti-microbial, of 2,4,8,10,13-pentamethyl-6-sub-
stituted-13,14-dihydro-12H-6)-dibenzo[d,i]
[1,3,7,2]dioxazaphosphecin-6-ones/sulfi-
des/sele-nones. Synthesis and,. 1Y
radical scavenging, Synthesis of am1n0a01d ana-
logues of 10-methoxy- dlbenz[b flazepine and
evaluation of their .. - .72
-Structure relationships of new L Vahne derl—
vatives with neuropharmacological effects 133
aldehydes
Microwave assisted condensation of hydrazone
derivatives with ... 84
allyl chloride
One pot synthesis of dihydroisoxazoles via 1,3-
dipolar addition of nitrile oxides to ............... 80
amino acid ester
Synthesis and antimicrobial activity of 2,10-
dichloro-6-substituted, -12H-dibenzo[d,g][1,3,2]
dioxaphosphocin-6-oxides......................... 422
aminoacid analogues
of 10-methoxy-dibenz[b,f]azepine, Synthesis of,
and evaluation of their radical scavenging activity
......................................................... 72
a-aminophosphonic acid
esters, An efficient one-pot synthesis of, from
Schiff bases using sodium ethoxide as a catalyst
(Pudovik reaction) and their bio-activity ....... 236
ammonium nitrate
electrolyte, Investigation of the processes and
mechanism of electrodeposition of copper from,
by the method of cyclic voltamperometry ...... 39
analgesia
cold stress-induced, Involvement of endogenous
nitric oxide in the effects of kyotorphin and its

synthetic analogue on immobilization and, ......116
analysis
Experimental critical, of plate impedance ...... 176
of oxycellulose obtained by controlled oxidation
with different reagents......................... 391

anion exchanger
liquid, Reversed phase extraction chromatogra-
phic separation of palladium(Il) using ........... 272
antibacterial activity
of new series of dihydrobenzofuranols. Synthesis

and ... 409
anticoagulant

studies, Design, synthesis and, of new antistasin

isoform 2 and 3 amide analogues ................. 99

anticoagulant drugs
Atomic force microscopy for the characterization

430

of human platelets before and after interaction

with selected .........cooooiiiiiiiiii 23
antimicrobial activity

Synthesis and, of 2,10-dichloro-6-substituted

amino acid ester-12H-dibenzo[d,g][1,3,2]dioxa-

phosphocin-6-oxides..............ccceeevuiieinn.. 422
antimony

Determination of, in gunshot residues (GSR) by

electrothermal atomic absorption spectrometry 404
Antinociceptive effects

of des-octapeptide-insulin connected with enke-

Phaling ........oovvriiiiii e 138
antistasin isoform 2 and 3

amide analogues, new, Design, synthesis and

anticoagulant studies of, ..................ooinll 99
Atomic force microscopy

for the characterization of human platelets before

and after interaction with selected anticoagulant

dArugs ..o 23
atomic spectrometry

Flow injection analysis coupled with ............... 3
attenuation effect

through methylene group ......................o.ee. 50

automotive catalytic converters

Inductively coupled plasma atomic emission spec-

trometry — line selection and accuracy in the deter-

mination of platinum, palladium, rhodium, barium

andleadin ... 65
barium

determination of, Inductively coupled plasma

atomic emission spectrometry — line selection and

accuracy in the, platinum, palladium, rhodium,

and lead in automotive catalytic converters ..... 65
benzothiazolylazo dyes

Syntheses and spectrophotometric studies of some

- determination of copper, zinc, cadmium, cobalt

andnickel..........cooooii 380
Bessel’s functions

Application of, in the modelling of chemical engi-

NEETING PIOCESSES .+ .venvreeeneeneieaneaneananennn 343
Biomethanation

of black liquor in fluidized-bed bioreactor...... 355
bioreactor

fluidized-bed, Biomethanation of black liquor

black liquor

Biomethanation of, in fluidized-bed bioreactor 355
blood pressure

arterial, Fast oscillations of, during nociceptin

analogues application in Wistar rats ............ 127
brain neuropenta-peptide proctolin

From molecule to sexual behaviour — the role of,

in acoustic communication of the grasshopper

Chorthippus Biguttulus (L.1758) ................ 104
Bridgman-Stockbarger

optimised apparatus, Simultaneous growth of high



quality Ca,_,Sr,F, boules by. Reliability of light

transmission measurement ........................ 253
Ca;_SrF,

boules, Simultaneous growth of high quality, by

optimised Bridgman-Stockbarger apparatus. Reli-

ability of light transmission measurement ...... 253
cadmium

determination of, copper, zinc, cobalt and nickel.

Syntheses and spectrophotometric studies of some

benzothiazolylazo dyes - ....................eeeee. 380
calibration method

spectrophotometric partial least-squares, Simulta-

neous determination of trace amounts of thorium

and zirconium using ............ccoveeueuenenen... 230
carbon foam

Synthesis and characterization of, by low pressure

foaming process using H,SO4 modified pitch as

TS0 11 60) N 397
carbon steel

Fluorescein as corrosion inhibitor for, in well

catalyst

An efficient one-pot synthesis of a-aminophos-
phonic acid esters from Schiff bases using
sodium ethoxide as, (Pudovik reaction) and
their bio-activity ...........coooeviiiiiiiin. 236

V,05-Zr0,, for selective oxidation of o-xylene to
phthalic anhydride: I. Catalyst preparation,
catalytic activity and selectivity measurements

.................................................... 303
catalysts
gold-molybdena, Redox activity of: influence of
the preparation methods ........................... 277

catalytic activity
Catalyst preparation, and selectivity measure-
ments. V,05-ZrO, catalyst for selective oxidation
of o-xylene to phthalic anhydride: I. ............ 303
chemical engineering processes
Application of Bessel’s functions in the modelling
Of 343
chemical plants,
multipurpose and multiproduct batch, operation,
Control of production campaigns with optimal
loading of the power systems during ............ 414
Chorthippus Biguttulus (L.1758)
grasshopper, From molecule to sexual behaviour —
the role of brain neuropenta-peptide proctolin in

acoustic communication of the .................. 104
clinoptilolite

natural, and mordenite. Investigation of Zn

SOIPHON DY, t.vviniiiiiitiii e 66
Co(II)

One new carboxylato-bridged dimeric network of:

Synthesis and structural aspects ................. 261
cobalt

determination of, copper, zinc, cadmium and

nickel Syntheses and spectrophotometric studies

of some benzothiazolylazo dyes - ............... 380
complex

lanthanum, of bis(2-n-butyl-4-chloro-imidazole)-

5-iminoethane, a salen type ligand. Synthesis,

characterization and some properties of ........ 46
condensation

Microwave assisted, of hydrazone derivatives with

aldehydes ........ccoovviiiiiiii 84
Control

of production campaigns with optimal loading of
the power systems during multipurpose and
multiproduct batch chemical plants operation...414
copolymerization
of N-(dichlorophenyl)maleimides with methyl
methacrylate. Study of the, .......................... 31
copper
chromatographic separation of, from nickel ions,
Use of newly synthesized guar based chelating
ion exchange resinin .................coevnnenns 19
deposition from sulphate electrolytes containing
large amount of zinc. Potentiodynamic and
galvanostatic investigations of ............... 330
determination of, zinc, cadmium, cobalt and
nickel. Syntheses and spectrophotometric
studies of some benzothiazolylazo dyes - .. 380
Investigation of the processes and mechanism of
electrodeposition of, from ammonium nitrate
electrolyte by the method of cyclic voltam-
PEIOMELIY «.vneeitiii e, 39
corrosion inhibitor
for carbon steel in well water. Fluorescein as . 374
cyclic voltamperometry
Investigation of the processes and mechanism of
electrodeposition of, copper, from ammonium

nitrate electrolyte by the method of .............. 39
Design,

synthesis and anticoagulant studies of new anti-

stasin isoform 2 and 3 amide analogues ........... 99

des-octapeptide-insulin

connected with enkephalins. Antinociceptive

effects of,) ..o 138
determination

of platinum, palladium, rhodium, barium and lead

in automotive catalytic converters. Inductively

coupled plasma atomic emission spectrometry —

line selection and accuracy inthe ................. 65
diazo dyes

Degradation mechanism of, by photo-Fenton-like

process: Influence of various reaction parameters

on the degradation kinetics........................ 385
dibenzo-18-crown-6 ether

Impedance spectroscopy measurements of phos-

phatidylcholine bilayers containing .............. 167
12H-dibenzo[d,g][1,3,2]dioxaphosphocin-6-oxides

Synthesis and antimicrobial activity of 2,10-

dichloro-6-substituted amino acid ester- ........ 422
N-(dichlorophenyl)maleimides

Study of the copolymerization of, with methyl

methacrylate ... 31
dihydrobenzofuranols

Synthesis and antibacterial activity of new series

OF 409
dihydroisoxazoles

431



One pot synthesis of, via 1,3-dipolar addition of

nitrile oxides to allyl chloride ..................... 80
diodes

Organic light-emitting (OLEDs) — the basis of

next generation light-emitting devices ........... 211

Electrochemical Impedance Analysis
Eighth International Symposium on, — Editorial 166
electrochemical impedance spectroscopy
measurement data based on weighted harmonics
autocorrelation. On-line error determination and
processing for ...........cooiiiiiiiiiiiiiii 192
electrodeposition
of copper from ammonium nitrate electrolyte by
the method of cyclic voltamperometry. Investi-
gation of the processes and mechanism of, ...... 39
electrolytes
sulphate, containing large amount of zinc. Poten-
tiodynamic and galvanostatic investigations of
copper deposition from .......................ll 330
electrothermal atomic absorption spectrometry
Determination of antimony in gunshot residues

(GSR)DY ceeeieiiii 404
enkephalins

Antinociceptive effects of des-octapeptide-insulin

connected With ..........c.cooiiii 138

enzymatic esterification
kinetics, Modeling of, with respect to the
substrates’ ratio .......cc..o.eveiirieneneienicnienene 323
error determination
On-line, and processing for electrochemical impe-
dance spectroscopy measurement data based on

weighted harmonics autocorrelation ............. 192
extractants

Toxicity of some solvents and, towards Lactoba-

cillus Caseicells...........coeveviiiiiiininni. 368

fibrilar microstructures
Solvent-free self-assembly of small organic mole-

CUlES INtO ..o 110
Flow injection analysis

coupled with atomic spectrometry ................. 3
Fluorescein

as corrosion inhibitor for carbon steel in well

N1 1S SN 374

galvanostatic investigations
and Potentiodynamic, of copper deposition from
sulphate electrolytes containing large amount of
ZITIC tetntit et 330
gelators
low molecular weight, Microstructure of new
metal-organic gels obtained by .................... 149
gold
-molybdena catalysts: Redox activity of, influence
of the preparation methods ....................... 277
guar
based chelating ion exchange resin, Use of newly
synthesized, in chromatographic separation of
copper from nickel ions. ....................ll 19
gunshot residues (GSR)
Determination of antimony in, by electrothermal
atomic absorption spectrometry................... 404

432

H,S0,
modified pitch as precursor. Synthesis and char-
acterization of carbon foam by low pressure
foaming process Using ...............oeeeeuennnn.. 397
heterocyclic compounds
novel, containing 1-phenyl-3-pyridylpyrazole
moiety. Simple and convenient procedures for the
synthesis of, ...........coviiiiiiii 241
heterocyclic systems
5,6,7,8-Tetrahydrobenzo[b]thieno[2,3-d]pyrimi-
dine-4(3H)-one as a synthonof ................... 12
hydrazone
derivatives with aldehydes. Microwave assisted
condensation of ..........c.coooeiiiiiiiiiiint 84
Hydrometallurgical
processing of dumped lead paste for lead acid
DALtETIeSs . o.oueveniniiiic e 285
Impedance
characteristics of the lipid membranes formed
from the phospholipid-fatty acid mixture .. 185
studies of SOFC. Inductance correction in ..... 199
spectroscopy measurements of phosphatidylcho-
line bilayers containing ether dibenzo-18-crown-

B 167

In memoriam
Professor Dimitar Petkov —........................ 97
Professor Dimiter G. Elenkov —.................. 341

indolo[2,3-b]quinoxaline
and triazino[5,6-bJindole derivatives. Novel routes
0 et 362
Inductively coupled plasma
atomic emission spectrometry — line selection and
accuracy in the determination of platinum, palla-
dium, rhodium, barium and lead in automotive
catalytic converters .............cooeveieiiiinenn... 65
inhibition activity
New peptide mimetics with potential B-secre-

kinetics
Modeling of enzymatic esterification, with respect
to the substrates’ ratio.............ccccceeveeeenn. 323
of degradation. Degradation mechanism of diazo
dyes by photo-Fenton-like process: Influence
of various reaction parameters on the ...... 385
kyotorphin
Involvement of endogenous nitric oxide in the
effects of, and its synthetic analogue on immobi-
lization and cold stress-induced analgesia ...... 116
Lactobacillus Casei
cells. Toxicity of some solvents and extractants
TOWATS ..eeenitititii e 368
lanthanum
complex of bis(2-n-butyl-4-chloro-imidazole)-5-
iminoethane, a salen type ligand Synthesis,
characterization and some properties of ........ 46
lead
determination of, Inductively coupled plasma
atomic emission spectrometry — line selection and
accuracy in the, platinum, palladium, rhodium,
barium and in automotive catalytic converters .. 65



lead acid batteries
Hydrometallurgical processing of dumped lead

paste for .....oiviii 285
lead paste

dumped, for lead acid batteries. Hydrometallur-

gical processing of, .............cooooiiiiiin 285
ligand

a salen type, Synthesis, characterization and some

properties of lanthanum complex of bis(2-n-butyl-

4-chloro-imidazole)-5-iminoethane, .............. 46
light scattering

static studies of hairy rod polymers containing

1,3,4-oxadiazole rings in the repeating units.

Synthesis and ............c.ooooiiiiiiiii 297
light transmission

measurement. Reliability of, Simultaneous growth

of high quality Ca;_,Sr,F, boules by optimised

Bridgman-Stockbarger apparatus. .............. 253
light-emitting devices

Organic light-emitting diodes (OLEDs) — the basis

of next generation ...............ccoevveiiiiiinnnnnn 211
lipid membranes

formed from the phospholipid-fatty acid mixture.

Impedance characteristics of the, ................. 185
macrocycles

phosphorus, nitrogen, oxygen and sulphur.

Synthesis of ........cooiiiiiiiii 248
mechanism

of degradation of diazo dyes by photo-Fenton-like
process: Influence of various reaction parame-
ters on the degradation kinetics.............. 385
of electrodeposition of copper from ammonium
nitrate electrolyte by the method of cyclic
voltamperometry. Investigation of the
processes and ............cooeiiiiiiiiiiiiian 39
metal-organic gels
new, obtained by low molecular weight gelators.
Microstructure of, ........oooeiiiiiiiiiii, 149
10-methoxy-dibenz[b,f]azepine
Synthesis of aminoacid analogues of, and evalua-

tion of their radical scavenging activity ......... 72
methyl methacrylate

Study of the copolymerization of N-(dichlorophe-

nyl)maleimides with ........................e 31
methylene group

The attenuation effect through ..................... 50
Microstructure

of new metal-organic gels obtained by low mole-

cular weight gelators ...................ooilL 149

microwave irradiation
Base-catalyzed synthesis of 2-thioxo-2,3-dihydro-
thieno[2,3-d]pyrimidin-4(1H)-ones and isolation
of intermediates using .....................c..onee. 226
model peptide
substrates, Synthesis of, and investigation of the
reaction of their phenylacetyl protecting group
enzyme transformation by means of penicillin G
ACYLASE .o 122
modelling
of chemical engineering processes. Application

of Bessel’s functions inthe ................... 343
of enzymatic esterification kinetics with respect to
the substrates’ 1atio ............ccceevervenne. 323
mordenite
and natural clinoptilolite. Investigation of Zn sorp-
HON DY oo 266
neuropharmacological effects
Structure-activity relationships of new L-valine
derivatives with ..., 133
nickel
determination of copper, zinc, cadmium, cobalt
and, Syntheses and spectrophotometric studies
of some benzothiazolylazo dyes - ........... 380
ions, Use of newly synthesized guar based chela-
ting ion exchange resin in chromatographic
separation of copper from ..................... 19
nitric oxide
endogenous, Involvement of; in the effects of kyo-
torphin and its synthetic analogue on immobiliza-

tion and cold stress-induced analgesia ........... 116
nitrogen,

phosphorus, oxygen and sulphur macrocycles

Synthesis of ........oiiviiiii 248

nociceptin analogues
application in Wistar rats. Fast oscillations of
arterial blood pressure during .................... 127
nociceptive effects
of Tyr-MIF-1’s after three models of stress.
Opioidergic system and second messengers
affectedthe ... 153
Opioidergic system
and second messengers affected the nociceptive
effects of Tyr-MIF-1’s after three models of stress
........................................................ 153
optimal loading
of the power systems during multipurpose and
multiproduct batch chemical plants operation.
Control of production campaigns with .......... 414
1,3,4-oxadiazole rings
in the repeating units. Synthesis and static light
scattering studies of hairy rod polymers containing

........................................................ 297
oxidation

controlled, Analysis of oxycellulose obtained by,

with different reagents............................. 391
oxycellulose

Analysis of, obtained by controlled oxidation with

different reagents.............cooeiiiiiiiiiinnin 391
oxygen

phosphorus, nitrogen, and sulphur macrocycles.

Synthesis of .......coovviiiiiiiii 248
o-xylene

V,05-Zr0, catalyst for selective oxidation of, to
phthalic anhydride: I. Catalyst preparation, cata-
lytic activity and selectivity measurements .... 303
palladium,
determination of, Inductively coupled plasma
atomic emission spectrometry — line selection and
accuracy in the, platinum, rhodium, barium and
lead in automotive catalytic converters ........... 65

433



palladium(IT)
Reversed phase extraction chromatographic
separation of, using liquid anion exchanger ... 272
penicillin G acylase
Synthesis of model peptide substrates and investi-
gation of the reaction of their phenylacetyl pro-
tecting group enzyme transformation by means of
.......................................................................... 122
peptide mimetics
New, with potential $-secretase inhibition activity
.................................................... 143
Synthesis of two, as markers for chemical changes
of wool’s keratin during skin unhairing process
and comparison of the wool quality obtained
by ecological methods for skins unhairing . 160
Peptide Symposium
Fifth Bulgarian, — Editorial ........................ 96
1-phenyl-3-pyridylpyrazole
moiety, Simple and convenient procedures for the
synthesis of novel heterocyclic compounds

CONAINING +..vtriteietet e eeeaans 241
phosphatidylcholine

bilayers, Impedance spectroscopy measurements

of, containing ether dibenzo-18-crown-6 ....... 167

phospholipid-fatty acid
mixture, Impedance characteristics of the lipid

membranes formed fromthe ..................... 185
phosphorus,

nitrogen, oxygen and sulphur macrocycles.

Synthesis of ....ccoooviviiiii 248

photo-Fenton-like process
Degradation mechanism of diazo dyes by: Influ-
ence of various reaction parameters on the degra-
dation Kinetics...........coooiiiiiiiiiiiiiii, 385
Physicochemical characterisation
of the catalyst V,05-ZrO, for selective oxidation
of o-xylene to phthalic anhydride: II. ........... 313
pitch
H,SO, modified, as precursor. Synthesis and char-
acterization of carbon foam by low pressure

foaming process USiNg ............ccevevveennnnnns 397
plate impedance

Experimental critical analysis of ................. 176
platinum

determination of, Inductively coupled plasma
atomic emission spectrometry — line selection and
accuracy in the, palladium, rhodium, barium and
lead in automotive catalytic converters ........... 65
polymers
hairy rod, containing 1,3,4-oxadiazole rings in the
repeating units. Synthesis and static light scat-
tering studies of, ... 297
Potentiodynamic investigations
and galvanostatic, of copper deposition from
sulphate electrolytes containing large amount of
411 330
Pudovik reaction
An efficient one-pot synthesis of a-aminophos-
phonic acid esters from Schiff bases using sodium
ethoxide as a catalyst, and their bio-activity ... 236

434

reaction
Microwave-assisted, in synthesis of tetra- and
hexacyclic Spiro SyStems .........cccceceeieveercnnenne. 54
reaction parameters
various, Degradation mechanism of diazo dyes by
photo-Fenton-like process: Influence of, on the

degradation Kinetics................ccoevvininnnnn, 385
Redox activity

of gold-molybdena catalysts: influence of the

preparation methods ...............ccoeeeiinnn.. 277

Reversed phase

extraction chromatographic separation of palla-

dium(II) using liquid anion exchanger ........ 272
rhodium

determination of, Inductively coupled plasma

atomic emission spectrometry — line selection and

accuracy in the, platinum, palladium, barium and

lead in automotive catalytic converters ........... 65
Schiff bases

An efficient one-pot synthesis of a-aminophospho-

nic acid esters from, using sodium ethoxide as a

catalyst (Pudovik reaction) and their bio-activity 236
[-secretase

inhibition activity, New peptide mimetics with

potential, .........ooviiiiiii 143
selective oxidation

of o-xylene to phthalic anhydride, V,05-ZrO,

catalyst for: I. Catalyst preparation, catalytic

activity and selectivity measurements ........... 303
self-assembly

Solvent-free, of small organic molecules into

fibrilar microstructures .............c.c.ceeveenenen. 110
separation,

chromatographic, of copper from nickel ions. Use

of newly synthesized guar based chelating ion

exchange resin in ...........c.ocooeviiiiiiiien.n. 19
skins unhairing

ecological methods for, Synthesis of two peptide

mimetics as markers for chemical changes of

wool’s keratin during skin unhairing process and

comparison of the wool quality obtained by, ....160
sodium ethoxide

as a catalyst, An efficient one-pot synthesis of a-

aminophosphonic acid esters from Schiff bases

using, (Pudovik reaction) and their bio-activity

SOFC

Inductance correction in impedance studies of 199
solvents

Toxicity of some, and extractants towards Lacto-

bacillus Casei cells.............cooeviiiiiin., 368
spectrophotometric studies

Syntheses and, of some benzothiazolylazo dyes -

determination of copper, zinc, cadmium, cobalt

and nickel..........cooooii 380
spiro systems

tetra- and hexa-cyclic, Microwave-assisted reac-

tion in synthesis of .........ccooeiiiiiiiinieneeee, 54
Structure

-activity relationships of new L-valine derivatives



with neuropharmacological effects .............. 133
sulphur

phosphorus, nitrogen, and oxygen macrocycles.
Synthesis of ........cooiiiiiiiii 248
Synthesis
and antibacterial activity of new series of
dihydrobenzofuranols.......................... 409
Synthesis

and antimicrobial activity of 2,10-dichloro-6-
substituted amino acid ester-12H-dibenzo[d,g]
[1,3,2]dioxaphos-phocin-6-oxides........... 422
and anti-microbial activity of 2,4,8,10,13-penta-
methyl-6-substituted-13,14-dihydro-12H-61"-
dibenzo [d,i][1,3,7,2]dioxazaphosphecin-6-
ones/sulfides/selenones ......................... 59
and characterization of carbon foam by low
pressure foaming process using H,SO,
modified pitch as precursor.................... 397
and spectrophotometric studies of some benzothi-
azolylazo dyes - determination of copper, zinc,
cadmium, cobalt and nickel................... 380
and static light scattering studies of hairy rod
polymers containing 1,3,4-oxadiazole rings in

the repeating units ....................oooeenee 297
and structural aspects. One new carboxylato-
bridged dimeric network of Co(Il): .......... 261

An efficient one-pot, of a-aminophosphonic acid
esters from Schiff bases using sodium ethoxide
as a catalyst (Pudovik reaction) and their bio-
ACHIVILY 1\ttt 236

Base-catalyzed, of 2-thioxo-2,3-dihydrothieno
[2,3-d]pyrimidin-4(1H)-ones and isolation of
intermediates using microwave irradiation .226

characterization and some properties of lanthanum
complex of bis(2-n-butyl-4-chloro-imidazole)-

5-iminoethane, a salen type ligand ............46
Design, and anticoagulant studies of new anti-
stasin isoform 2 and 3 amide analogues ..... 99

of aminoacid analogues of 10-methoxy-dibenz[b,f]
azepine and evaluation of their radical sca-
VeNging activity ........oevveriiriiinininnanns 72

of model peptide substrates and investigation of
the reaction of their phenylacetyl protecting
group enzyme transformation by means of
penicillin G acylase ...............c.ocoeeinnie 122

synthesis

of novel heterocyclic compounds containing 1-

phenyl-3-pyridylpyrazole moiety. Simple and

convenient procedures for the, ................ 241
of phosphorus, nitrogen, oxygen and sulphur

MACrOCYCles ....vvviriiiii i, 248
of tetra- and hexa-cyclic spiro systems. Micro-

wave-assisted reaction in ........c.cocceerenenenee 54

of two peptide mimetics as markers for chemical
changes of wool’s keratin during skin unhairing
process and comparison of the wool quality
obtained by ecological methods for skins
UNhairing .........cooeveviiiiiiiiiiinenen, 160

One pot, of dihydroisoxazoles via 1,3-dipolar
addition of nitrile oxides to allyl chloride .....80

2-thioxo-2,3-dihydrothieno[2,3-d]pyrimidin-4(1H)-ones
Base-catalyzed synthesis of, and isolation of inter-

mediates using microwave irradiation .......... 226
5,6,7,8-Tetrahydrobenzo[b]thieno[2,3-d]pyrimidine-

4(3H)-one

as a synthon of heterocyclic systems ............ 12
thorium

Simultaneous determination of trace amounts of,
and zirconium using spectrophotometric partial

least-squares calibration method ................ 230
Toxicity

of some solvents and extractants towards Lacto-

bacillus Caseicells............ccooeeiiiiiinnn... 368

triazino[5,6-b]indole
and indolo[2,3-b]quinoxaline derivatives. Novel
TOULES 1O . eueeitititiit e 362
Tyr-MIF-1’s
Opioidergic system and second messengers
affected the nociceptive effects of, after three
models Of Stress ......cvvvveviiiiiniiiiininen, 153
V205
-Zr0, catalyst for selective oxidation of o-xylene
to phthalic anhydride: I. Catalyst preparation, cata-
Iytic activity and selectivity measurements .... 303
L-valine derivatives
new, with neuropharmacological effects. Struc-
ture-activity relationships of, ..................... 133
weighted harmonics autocorrelation
On-line error determination and processing for
electrochemical impedance spectroscopy measure-

ment databasedon ......................l 192
well water

Fluorescein as corrosion inhibitor for carbon steel

o S 374

Wistar rats
Fast oscillations of arterial blood pressure during
nociceptin analogues application in .............. 127
wool’s keratin
Synthesis of two peptide mimetics as markers for
chemical changes of, during skin unhairing process
and comparison of the wool quality obtained by
ecological methods for skins unhairing ......... 160
zine
determination of, copper, cadmium, cobalt and
nickel Syntheses and spectrophotometric
studies of some benzothiazolylazo dyes - ...380
Potentiodynamic and galvanostatic investigations
of copper deposition from sulphate electrolytes
containing large amount of .................... 330
zirconium
Simultaneous determination of trace amounts of
thorium and, using spectrophotometric partial
least-squares calibration method ................ 230
Zn
sorption by natural clinoptilolite and mordenite.
Investigation of .................ooiil, 266
ZI'Oz
-V,0s catalyst for selective oxidation of o-xylene
to phthalic anhydride: 1. Catalyst preparation, cata-
lytic activity and selectivity measurements ...... 303

435



Bulgarian Chemical Communications, Volume 41, Number 4, 2009

ABTOPEH YKA3ATEJI

Abnen-Caiien H. U., HoBu mpouenypu 3a CHHTE3 Ha
Tpua3uHO[5,6-Blunmon u uamono|[2,3-b]xuHoKCa-

B10705(02:37 8 11010)7163:1001 1 1 SN 367
A3ab M. E., Bk Magkyp X. M. @., 1 1p. ..ceveveneneee. 18
AnoBII. C., Bk LexoBa JI. C., M IP. ceevvveeeeereeennee 137
AHnmoHOBCKH A., Bk CnaceBcka Xp., U JIP. .............. 302
Angpeesa /1., Bk [TetpoBa Il., 1 ap. ...cocvvvenveennennee. 284

ArtanacoBa JI. A., XunpoMeraayprauHo npepaboTBaHe Ha
aMopTHU3MpaHa 0JOBHA aKyMyJlaTOpHa macra... 296

Axep X. P., Bk Kokare C. JIK., B IP. «veeveveerirennnnnns 276
bakaBonu M., Bk HaBynHua A., U AP. .cooeevveennennne. 229
BapOyunm A., Bux PaiikoBa I'., B Ap. oo, 206
Bapt T., Bux IlenueBa H. Ct., 1 1p. .oooveeevinnceinee. 142
Benaramu C. JI., Bmx lanTanakmmu K., u gp. ......... 384

BoueBa A. U., E. b. [xambazoBa, OmmonepruyHara
CHCTEeMa M BTOPHYHUTE MOCPEAHUIN TOBIIUSBAT

HOLIMLIETITUBHUTE edextu Ha Tyr-MIF-1

MENTHANTE CIIEN TPU MOJIETIA Ha CTPEC ............. 159
Bbouesa A. 1., Bwx )xam6azosa E. b., u ap. ............. 121
bouesa A. U., Bux [lenueBa H. Ct., u 1p. ..o 142
BppukoB Xp., Bux CnaceBcka Xp., U IP. ..ooveeevennenne 302
Bynunosa T., Bk HuHuapcku B., 1 Ap. ..cooveeveenenns 403
Bacunes H., Bk KoneBa M., ¥ Ip. «..veovvvevviiiieniennne, 164
Beszenkos JI. T., Bk I'bpueB P. A., v Ap. ..covvennennen. 132
Besenkos JI. T., Bk JHananes . JI., u 1p. ....cceeeeee. 103
Bezenxos JI. T., Bix MBanoB U T., B AP. «.cveneennnnee 148
Besenkos JI., Bk KoneBa M., M IIP. .coovveeveveeieienes 164

BesenkoB Ct. P., P. Xaiinpux, H. Encmep, Or
MOJICKYJIaTa JI0 CEKCYaJIHOTO MOBEAEHHE — POJIATa
Ha MO3BYHHS HEBPOICHTAIIENTHI HPOKTOJUH B

aKyCTH4HaTa KOMYHHKaIUA Ha CKakajieua
Chorthippus Biguttulus (L.1758)......cccccuveneeee. 109
Benuukos C. B., Buwx [lerposa I1. I1., u ap. ................ 71

Beny T. ., b. C. Cynxa, C. Carum, C. Hlamukanr, K.
A. Papeema, CuHTE3 U aHTUMHUKPOOHA aKTHBHOCT

Ha HOBU CEPHUU JUXHUIPOOCH30(pYPaHOIM.......... 413
Busnanu M., Bmx PatikoBa I'., M Ip. oo 206
Bnanukosa /1., Bk PafikoBa I., 1 P, .oocvveeeeiieienee 206
Byuxos H. K., Bix Myxoscku W. T., ¥ 1p. co..cvovenn. 260
T'apcus K. M., Bk /I’ Ankaune C. B., u ap. ............... 184
I'manennapa K. P., Bk Kymap X. B, map. .ccoeoeeeeenes 79
Topuesa I'. A., Bk Llexosa JI. C., 1 Ap. «.eeeveveennennee. 137

T'oponkuesnu E., A. CankueBnu, U. Csekino, 3. A.
OdurameBckd, ATOMHO CHJIOBA MHUKPOCKONHUS 32
oXapaKTepU3MpaHe Ha YOBEIIKH TPOMOOIMTH
Opeau ¥ CIeI B3aWMOJCHCTBHE C OIPEICICHU

AQHTUKOATYJIUPALIYA JEKAPCTBA....ccvveveenrenrennennne 30
Toyaa [. Y., Bux Kymap X. B, 0 Ap. eoevvveviiiiienne 79
I'posena 3. C., Bk KorcynoB B. b., 1 ip. ..covvneenneee 38
I'ppruapcka K. XK., Bk [lergesa H. Cr., u gp. ......... 142

I'spueB P. A., II. II. MapxkoBa, E. JI. Haiinenosa, JI. T.
BezenkoB, bbp3u ocuunanuum Ha apTepUaTHOTO
HaJITaHe y mrpxoBe Wistar mo Bpeme Ha MPHIIO-
JKEHUETO Ha HOLUMUENTHHOBH aHANO3MH ............ 132

’Ankanne C. B., I'. A. ne Onuseiipa bputo, K. M.
I'apcus, II. P. Mmnunucu, ExkcnepumenraneH

436

KPUTHYCH aHAJIHN3 HA UMIICJJAHC HAa aKyMyJIaTOPHU
TITOUH «.convenveenteeerenteeneenseensenueennesaeesesneensensnensenns 184
Hasynama A., M. bakaBomu, H. 3apueii, H. TaBakomu-
Xoceitnn, CuHTe3a Ha 2-THOKCO-2,3-IHXHIPO-
treHo[2,3-d|mupumunua-4(1H)-oru ape3 6azndna
KaTann3a U W30JIMpaHe Ha MEKIHHHU ChEeIUHECHUS
C U3MOJI3BaHE HA MUKPOBBJIHOBO 00JIBUBAHE ... 229
Hananes /1. JI., Bk UBano U. T., 1 Ap. ...covvvvennennnenn. 148
Jananes JI. JI., JI. K. MoroBa, CuHTe3 Ha MOIEIHH
NENTHIHA CYOCTpaTh U U3CIeABaHe Ha peaKlusiTa
Ha CH3WMHA TpaHcdopMarus Ha (eHIIAICTHITHA
rpyna ¢ nomouira Ha neHuuuiuH G anunasa .. 126
Hananes /. JI., JI. T. BesenkoB, [uzaiiH, cuUHTE3 U
AHTHKOATYJIAHTHH HM3CIICABAHUS HAa HOBU aMHUIHU
aHano3u Ha m3odopmu 2 u 3 Ha aHTUCTA3WH ... 103

Hananes /1., Bk KomeBa M., B AP. .ooceovveeviieieee. 164
Jac M., Bux XocauH CK. M., B AP. ..oovvevveeieeieeienne 361
Hackanosa H. H., Bwx Iletposa I1. I1., u mp. ................ 71

Hatrta A., V.-C. Xyanr, H. PeBanpacany, Hosa nsymepna
mpexa ot kommekc Ha Co(Il) ¢ xapOokcunaTHu

MOCTOBE: CHHTE3 U CTPYKTYPHH aCMEKTH ........ 265
ne Onuseiipa bpuro I'. A., Biwx [[’Ankaune C. B., u np.
.......................................................................... 184

Hesu JI. T'., K. C. A. Pamxy, K. E. Pampxamexap, C. I'.
Kymap, Mexann3pM Ha (DOTOXMMHYHO pasiiaraHe
Ha anazo0arpwia mo peaknus Ha QEHTHH: BIUS-
HHUE Ha Pa3INYHN PEAKIMOHHU IapaMeTpH BBPXY
KHHETHKATA HA PA3ITATAHE. .....ccveneenveaeeeeeanenns 390
Jlxaranagxam B., Edekt Ha cnpsirane mpe3 MeTHIIEHOBA
1y 0) 4 1 c: R OO U SR USUSRUUROUSRRU 53
Jikarinakmvu K., K. M. Jlokanara Pair, X. .
PeBanacunana, CuHTe3, oXapakTepuU3upaHe U
HSIKOW CBOICTBA Ha JIAaHTaHOB KOMIUIEKC Ha Ouc(2-
N-OyTnin-4-X10pUMHAA3011)-5-UMAHOETAaH,  €AWH
JIUTAHJ OT CAJICHOB THII ......eoveeurenneenreneennennnennens 49
Jxam0azoBa E. b., A. U. boueBa, B. II. Huxomoga,
Y4yacTne Ha €HIOTEHHMS a30T€H OKCHI B
e(exkTuTe Ha KHUOTOPGUH W HETOB CHHTETHYCH
aHAJOI BBPXYy HMMOOWIM3aIMOHHA M CTyIOBa

CTPEC-MHIYIIUPAHA QHAIITE3H «..covveneeeneeneennenes 121
Jxamb6azosa E. b., Bk boueBa A. U., u ap. .............. 159
Ixesicynnapu k., Biok Carusibama Jx., v fip. ......... 379
Humona JI., Buk JIuxapeBa H.,......cccooovvvvieiiiiiinnenne, 271
Honesa M. [I., Bux [sukoBa CB. M., 1 Jp. ............... 396
HsaukoBa CB. M., M. JI. loneBa, OxapakTepuzupaHe Ha

OKCHIIETyJI03a  TOJNy4eHa  CJell  YaCTHYHO

OKHCIICHHE C PA3IHYHH PEATEHTH..........covenee... 396
Encuep H., Bux BesenkoB Ct. P., u Ap. ....cocvveueennenee. 109
Ecktonep b., Bk LexoBa . C., L OP. .oooveveveeeeiennne 137
Ecktonep b., Bk LekoBa [I. C., B IOP. -eoovveeeeeeeennne 115
3apueii H., Brx [laBynana A., ¥ IIP. «.oovveveeeneenceenee. 229
No6paxum M. A. E., Bmx Maakyp X. M. @, u gp. ....... 18

HBanos b., K. MunueB, YnpasieHue Ha IPOU3BOJICTBEHH
KaMIIaHWH, OCUTYDSBAIO ONTHUMAIHO HATOBap-
BaHE Ha CHEPrOCHUCTEMHUTE Ipu paboraTa Ha
MHOTOIEIIEBH 3ABOJI . .....vveeeveenvreenreeneresnreenseennnes 421



Usanos U. C., Bk Xomxaoray I'. A., u 1p. .............. 335
Weanos U. T., JI. JI. Jananes, JI. T. BezenkoB, HoBu
HENTUIHA MUMETH3H C MOTeHIUAaNnHa B-cekpeTasHa

MHXUOUTOPHA AKTUBHOCT ...veevvveenereereenvrennnennnes 148
Hpanosa Jl., Bux Konea M., K AP. ..covveeveveniieeieennnn 164
Hpanosa En. Xp., Bux Konesa b. 1., 1 ip. ...ooovvvennennee 11
Urnatosa K., Bux I[IetkoB JI., U AP. ..oovveeiieiieeieees 45
Wsru b., Bux @ugan H. @, v Ap. oo, 408
Wnuesa JI., Bux IletpoBa IL., 1 Ap. ..covveeveeieiininnne 284
Wmnunucu I1. P., Bux JI’Ankaune C. B., u gp. ......... 184
Morosa JI. K., Bk Jlananes JI. JI, B Ap. ..oovvereene. 126
Kammrosa P., Bk CriaceBcka Xp., M IIP. veoveeeeeeennen. 302
Kapmnanese I1., Bk PatikoBa I'., 1 Ip. .ccvvevveeienenee, 206

Kacrypaita M., M. B. H. Pean, A. 1O. P. Canxap, b. C.
Kymap, C. C. Pemgn, CunHTe3a Ha MaKpOIMKIN
chIbpxkany Gocdop, a30T, KUCIOPOI U cspa . 252

Kari E., ik LexoBa JI. C., M IIP. coveevveeiieiieeieeeenn 137
Kayc P., ik unep K. A, B AD. oveveviiiieieiceiieen 198
Kemasaps M. X., Bux Ilyperenan X. P., u 1p. .......... 235
Kokemmacka M., Bk Hunuapeku b., u np. ................ 403

Koxkare C. Ixk., X. P. Axep, C. P. Kyuekap, Paznensue na
nanmaauii(Il) upe3 xpomarorpadceka excTpaxmus ¢
oOBppHaTa (haza ¢ W3MON3BaHE HA TEUCH aHUOHO-
OOMEHHUK ....eveeneeveeneeeeieneeeneeeeeeeesseeneeseeeeeseens 276

Konera b. /1., En. Xp. BanoBa, [10TOYHO-MHXEKITNOHEH
aHaJM3 ChUETaH C aTOMHA CIieKTpoMeTpust (0030p)
............................................................................ 11

Konepa M., JI. lananes, /I. isanosa, JI. Be3zenkos, H.
BacuneB, CunTe3 Ha JaBa NENTHAHU MHMETHKA
KaTo MapKepu 3a XHMHUYHHATE IIPOMEHH Ha
KepaThHa Ha BBJIHATA [0 BpPeME Ha Mpoleca Ha
00e3KOCMsIBaHEe W CpaBHSIBaHE HA KAa4eCTBOTO Ha
MOJTyYeHaTa BBJIHA IO J1BA EKOJIOTUYIHU METO/a Ha
O0C3KOCMSIBAHE .....eveenveeeanteeneenreeneenneeeesneeeens 164

Koncynos B. B., 3. C. I'poseBa, M. U. Tauesa, K. JI.
Taues, U3cnenBane Ha chrnoaumepusanusTa Ha N-
(muxmopodeHUT)MaICHMHUIN ¢ METHIMETAKPHIIAT

............................................................................ 38
Kpumna A. b., Bux Kymap b. C., u ap. .coovvennvennnnee 426
Kymap b. C., Bk Kactypaita M., 1 1p. ....ccouvenennee. 252
Kymap b. C., Bux Cankap A. Y. P, u Ip. ccovvveiennnene 64

Kymap b. C.,, M. B. H. Penu, I'. 4. C. Pemu, A. b.
Kpummna, K. C. Pexn, Synthesis and acunte3 n
AHTUMHMKpPOOHA aKkTUBHOCT Ha 2,10-muxmop-6-
3aMeCTeHH C €CTepH Ha aMHHOKHUCeTnHH- | 2H-mu-
oen3o[d,g][1,3,2]anoxcadocdonun-6-okcuau. 426

Kymap C. T, Bk deBu JL. I, H AP cvveeeeiecee 390

Kymap X. B., K. P. I'nanengpa, . Y. l'oyna, H. Hauk,
CuHTe3 Ha aMUHOKHCENMHH aHamo3n Ha 10-
MeTOKCHU-TnOenH3[b,f|azenun u omeHka Ha TsIXHATa
AKTHBHOCT KaTO aHTHOKCUJAaHTU

Kyuexap C. P., Bk Koxkare C. JIx., M Ap. ..ccvevvvnneene. 276
Jlazaposa 3xp., Bk TonoBa K., v ap. .c..cocvevveneennne 329
Jlakumu P. 1O. H., Bk Moxan Y., v Ip. ..coveveenneneee. 240

Jluxapesa H., JI. dumosa, O. Ilerpos, f. LlBeraHoBa,
W3cnenBane Ha copOmmsita Ha Zn*" or NPUPOAHU

KIIMHONTUIIONUT U MOPIEHHUT ...ovveenvrenreanveennne 271
Jlokanat Pait K. M., Bmx [Tanupamxk A. 1., u gp........ 83
Jlokanara Paii K. M., Bk JDkatnakmvu K., u np. ....... 49

Jlyyakep C., Ix. K. Cerus, M3non3Bane Ha HOBOCHH-

Te3UpaHa XeJaTHa HOHOOOMEHHAa cMOJa Ha OCHO-
BaTa Ha ryma Iyap 3a XpoMaTorpad)cko pasieinsHe
HA METHH OT HUKEIIOBH HOHH ......ovveeuveeeaneeeennne. 22
Maakyp X. M. @, M. E. A3a6, M. A. E. UGpaxum,
5,6,7,8-Terpaxunpodenso[b]rueno|2,3-dnupu-
muuH-4(3H)-0H KaTO CHHTOH 3a XETEepOLMKICHH

CHCTEMH ..evveenvrenereeneeeenteenieesseenseesseenseesseeneennn 18
Maiiescka 0., Bk Hunnapcku b., u ap. ......c.ceeeeeee 403
Makaxosa E. 11., Bk LlexoBa . C., ¥ Ip. «..eeeveenneenne 137

Makenoncku JI., V,05-ZrO, katanuzaTop 3a CEIEKTUBHO
OKHUCIICHHE Ha O-KCWJION 110 (TajoB aHXuUApuA: I
[MonmyuyaBane, KaTanuTHYHA AKTUBHOCT W CEJCK-
THBHOCT ..evveeveeenveeeresseensresseesssessseenssesssessseesns 312

Makenoncku JI., V,05-ZrO, katanu3aTop 3a CeIeKTUBHO
OKHCJICHHE Ha O-KCHIIOJ 10 (rayoB auxuapum: I1.
DUBUKOXUMHUYHO OXaPaAKTEPUUPAHE .............. 322

Map3syk M. HW., Kowgenzamus Ha XUAPa30HOBU
MPOU3BOJIHU C alAEXUAM TOJ JICHCTBUE Ha
MUKPOBBIIHH. ...cuvveenveereeereenieesreesinesreesssesseennes 88

Map3yk M. H., CunTe3 Ha TeTpa- M XEKCALMKINYHU
CIIUPO CUCTEMH M0 JEHCTBUE Ha MUKPOBBIHU . 58

Mapunosa H. A., [I. C. SakoB, TOKCHYHOCT Ha HSIKOU
pa3TBOPHUTEIN W EKCTPareHTH KBbM KIIETKH Ha

Lactobacillus Casei...........ccceeeevueeeecrereecneeeenne.. 373
Mapxkoga I1. 1., Bk ['bpueB P. A., 1 Ip. ...ooovvenenns 132
Munues K., Bk UBanoB b., u 1p. ............ ... 421
Mupaget X. @., Bk Lexosa J[. C., ¥ Ip. ....eeeevenennee 137

Mupaget X., Bk LekoBa JI. C., U AP. .cocveeveveeevennnnns 115
Moxan Y., C. H. Pamxy, A. JIx. Pao, P. FO. H. Jlakmmu,
EdukacHa cuHTEe3a B €JUH ChJ Ha €cTepu Ha O-
amuHo(dochopHara kucenanHa ¢ mmpoBu Oa3u C
W3MONI3BaHE  HA  HATPHEB  CTOKCHJI  KaTo
karanuzatop (peaknus Ha IlynoBHWK) W TsIxHarTa
OMOIOTHIHA AKTHBHOCT ....eevvenveeneeneeeeeneeeennees 240
Myxoscku M. T., K. A. Temenxos, H. K. Byuxos, H. B.
CoboTrHOB, EgHOBpeMeHeH pacTek Ha KpHC-
tanan Oymu ot Ca St F, ¢ pasnuyao chabpika-
HHe Ha Sr upe3 momoOpeHa amapaTypa Ha
Bpunman-Crokbaprep. HamexaHocT Ha TexHH-
KUATE H3IOJ3BAaHM 32 HM3MEpBAaHE Ha CBETOIPO-

MyCKJIMBOCTTA .. 260
Hauk H., Bux Kymap X. B, U Ap. eooviiriiiiiiiiiee, 79
Haiinenona E. 1., Bux I'bpueB P. A, u 11p. ....coueeeeeee. 132

HaymoBuu M., 3. A. @uramescku, M3MmepBaHus Ha
IBOMHU cioeBe OT (HOCPaTUAMIXOTUH ChIbp-
Kamu ruOeH30-18-kopoHeH-6 erep 4Upe3 HMIIe-
JTAHCHA CIIEKTPOCKOIIHSI ..vveenveneeenreenareeeeenanees 175

HaymoBma M., 3. A. ®@uramercku, HWmnemancHu
XapakTepUCTHKH  HAa  JUOUIHK  MeMOpaHu
oOpasyBaHu OT cMec Ha (hochoJMIIUI U MacTHA
KHCEIIHA ....venveenreieeneinieenienieeneenieenieneneniesnenienes 191

Huxkomnosa B. I1., Bk JIxambasora E. b., u 1p. .......... 121

IManupamx A. L., K. M. Jlokanar Paii, Ennocraguen
CHHTE3 Ha JUXUAPOW30Kcazonu upe3 1,3-mam-
MOJISPHO ~ IUKIONPUCHEIUHSIBAHE HA HUTPWI-
OKCHIIU KBM ATHIIXITOPHIL «..veenveeereneeeneaneeaneenneans &3

ITenueBa H. Cr., A. U. Bouera, K. XK. I'ppauapcka, T.
Bapr, ArTHHOIMIIENTHBHA epekTH Ha des-OKTa-
MENTHI-UHCYIHH CBBP3aH C eHKe(DaINHH ...... 142

ITetkoB B. B., Bux LlexoBa JI. C., H AP. .eovvvveeereennnnns 137

437



IlerkoB JI., K. Urnarosa, M3cnenBane Ha mpoLecuTe U
MEXaHW3Ma Ha eJeKTpooTiaraHe Ha MeJ OT
aMOHHMEBOHUTPATEH EJNEKTPOJIUT C MeToJda Ha

LUKJIUYHATA BOJITAMIEPOMETPHS -...veevereenennnnne 45
ITerpos H., Bk Hunuapcku b., U Ap. .ooocvvevevvenennnn. 403
[Tetpos O., Bk JIuxapea H.,....c.cccoccevvireinincnnennen. 271
ITerposa b., Bux Hunmapcku b., 1 p. ...oovvveriennnnnns 403

Ierposa II. K., P. JI. TomoBa, MaTepuanu u3nonis3BaHu 3a
OpPTaHWYHU CBETOM3IBYBALIN JHOIAN — OPTaHUYHU
eJIEKTPOAKTUBHY chenuHenus (0030p) ........... 225

[etpona II. I1., C. B. Benmukos, 1. I1. XaBe3zos, H. H.
[HackanoBa, ATOMHa €MHCHOHHA CHEKTPO-METPHUS
C HMHIYKTHBHO CBBp3aHa Iuta3Ma — u300p Ha
AQHATUTHYHY JIMHUM ¥ TOYHOCT ITIPH OTIpEleNsIHe
Ha TUTaTWHA, TAaaui, poawid, Oapuii W OJIOBO B
ABTOMOOMITHU KATATTHU3ATOPH ...cvvvvveneeeneererenvenenns 71

ITerpoBa II., JI. Wnumema, JI. AmnxapeeBa, Penokc
AKTHBHOCT Ha 3J1aTO-MOJIMO/ICHOBU KaTaJIU3aTOPH:
BIIUSTHUE HA METOJIUTE Ha MOIYYaBaHe ........... 284

[erposa T. Cr., Ilpunoxenue Ha OeceneBute GpyHKINH B
MOJICJIMPAHETO HA WHKEHEPHO-XUMHUYHHU TMPOIECH
(@105 10] o) TSR 354

[Momora A., Bk HuHnapcku b., # Ap. «..ooovveevenne 403

Hypereman X. P., B. Hladum, M. X. Kemasap3s,
EnHoBpemMeHHO CIEKTPOGOTOMETPUIHO OIpere-
JISHE Ha CJeAdM OT TOpUM M IUPKOHUN upe3
YaCTHYEH METO]] Ha Hal-MaJIKUTE KBaAPaTH .... 235

[Ty C., Bk Huamapcku b, ¥ 1P, coveeeveeieiieenee, 403
IIexesa U. K., Bux LexoBa [. C., 0 AP. ..covvvvvveennenns 137
Paseema K. A., Bk Beny T. JI., M Ip. coveevevveiiennne, 413
Pamxamekap K. E., Bux Hdesu JI. I'., u 1p. «..veeneennee. 390
Pamxennpan C., Bk Catusbama JIx., A p. .............. 379
Pamxy C. A., Bk JeBu JL. [, B AP. oovveieeieiee 390
Pamxy C. H., Bk Moxat U., HAP. .coeeeveveveeeenen. 240
Pamxy Y. H., Bk Caakap A. Y. P . e 64

Paiixosa I'., I1. Kapnanese, 3. CroiiHos, /[. Bnagukoga,
M. Busnanu, A. bapOyun, Kopekuns Ha mHIyK-
THBHHU TPEIIKH B HMIICJAHCHU H3CIEABAaHMSA Ha

TBBPIOOKUCHHA TOPUBHU KIETKH .....evvvenveenrennenne 206
Pao A. [Ix., Bk Moxad Y., U AP. ..cocveeveveniieiieienee, 240
Pesanacunana X. M., Bk JDkainakmmu K., u np. ....... 49
Pepampacany H., Bix [latta A., B AP. «oeovvenveenicicnnes 265
Penu I'. Y. C., Bux Kymap b. C., u ap. .coovveiveienee 426
Penu K. C., Bk Kymap b. C., u Ap. ..oovvveiiiiiiiene, 426
Penu M. B. H., Bux Kacrypaita M., i 11p. ................. 252
Penqu M. B. H., Bk Kymap B. C., m 11p. ..ovvevne 426
Penu M. B. H., Bk Caakap A. Y. P, u ip. «eeoveeeennes 64
Penu C. C., Bk Kactypaita M., B Ip. «oooeeveniieiinns 252
Penu C. C., Bk Cankap A. V. P, M IP. coovveeieeiieene 64
Penu Y. C., Bk Cankap A. Y. P, T AP, ccveevveiienee, 64

Pusk X. @., [Ipoctu ¥ noaxonsiuy IpOLUEAYPHU 3a CUH-
Te3aTa Ha HOBH XETEPOUUKIMYHU ChEAUHEHUS
chIbpxamy 1-GpeHm-3-nmupuanina3onosa yact 247

Cankap A. VY. P, b. C. Kymap, M. B. H. Penu, C. C.
Penu, Y. C. Penu, Y. H. Pamxy, Cunre3 u antu-
MHUKpoOHa akTuBHOCT Ha 2,4,8,10,13-menTamer-
6-3amecTenn-13,14-muxunpo-12H-6)"-u-Genso

[d,i][1,3,7,2]mrokcazadochenua-6-okcuan, Cyi-
DU U CETICHUIM -...neenveneeeeneeeeeeieeeeeneeeneeeene 64
Canxkap A. 1O. P., Bk Kacrypaita M., u p. ............. 252

438

Cankuesnd A., Bk ['opoakueBnd E., 1 gp. ............... 30
Cartum C., Bmx Bery T. 1., H P coooeeeiiiiiiiicces 413
Carusbama [Ix., C. Pamkennpan, JIx. A. Censu, J[x.
Jxescynnapu, @myopeciienH KaTo HHXHOUTOp Ha
KOpOo3ua Ha BBIVIEPOJHA CTOMaHA BBB BOJHU

KITAZICHIT . «..convenerenieeereteenreteeneenieeneesaeeneesneenaennee 379
Csexyio U., Bux ['opoaxueBud E., 1 ap. «..cooveeeneennenne. 30
Ceneu [Ix. A., Bk Catusibama K., B Ap. ....oveeneeee. 379
Certusa Ix. K., Bux Jlyynkep C., M IP. cveevevevieeiennnee. 22
Cunurepcku B., Bk CniaceBcka Xp., U Jp. ...oeuveenee. 302

CmaceBcka Xp., A. AH#oHoBcku, Xp. bpwukos, C.
CroiikoBa, P. KammnoBa, B. Cunurepcku, Us.
llonos, CuHTe3a M H3CIEABaHE CbC CTAaTUYHO
CBEeTJIOpa3celiBaHE HA OKOCMEHH HPBUYKOBHIHU

MOJIMMEPH,  Chabpkamu  1,3,4-okcaanazoioBu

MPBCTEHU B MOBTAPSIINUTE CE 3BEHA .......ccn...... 302
CroiikoBa C., Bux CnaceBcka Xp., U JIP. «ccveervveenvennne. 302
CroitHoB 3., Bk PaiikoBa I'., ¥1 JIP. «oveevvvviiieienne, 206
CrosinoBa B. B., Bux LexoBa JI. C., ¥ Ip. «..ooevuvennenee 152
Cynxa b. C., Bux Beny T. 1., H AP. veevveeiienieecenen. 413
Cypunesa A. P., Bk LexoBa . C., U Ip. «.eevvvvvrneennnn. 137
Cr6otunos H. B., Bix Myxoscku M. T., u ap. ......... 260
TaBakonu-Xoceituu H., Bux [laBynnua A., u 1p. ...... 229
Tanuesa JI. I1., Bk LexoBa [I. C., m Ap. ..ceeenevneennnee. 137
Taues K. /1., Bux KoncymoB B. b., 1 1p. ..cccovvveeenene, 38
Tauesa U. U., Bk KoncynoB B. B., # p. .ccveevvnnene 38
Temenxos K. A., Bx MyxoBcku NT,u D11 ST 260
Tomoga P. JI., Bux IletpoBa I1. K., 1t ap. ..eovvvenneenee. 225

Tonosa K., 3np. JlazapoBa, MojenupaHe Ha KMHETUKATa
Ha €H3UMHa ecrepuduUKalysi MO OTHOIIEHHE Ha

CHOTHOIIICHUETO HA CYOCTPATHTE .....c.vevenneenee. 329
®uramescku 3. A., Bk ['opogkuesuu E., u np. ......... 30
Ouramescku 3. A., Bik HaymoBua M., u fip. ........... 175
Ouramescku 3. A., Bik HaymoBud M., 1 fip. ........... 191

Ounman H. @., b. Usru, OmpenensHe Ha aHTUMOH B
GapyTHH OCTaTBIM Ype3 ENEKTPOTEPMHUIHA ATOMHO

a0COPOIIMOHHA CTIEKTPOMETPHS. .....eveenevenveennee 408
Xasesos Ug. I1., Bwxk [Terposa I1. I1., u ap. ................. 71
Xaitapux P., Bk BesenkoB Ct. P, u1 ap. ..oveeevennennnes 109

Xomxaorny I'. A., A. T. Xpycanosa, 1. C. MBaHoB,
HOTGHLII/IOJII/IHaMI/I'-IHI/I U raJIBAaHOCTAaTUYHU U3CIICI-
BaHUS HAa OTJIaraHe HA MeJ OT CyJ(aTHH eleK-

TPOJIUTH  CHIABPXKAIIM  TOJEMH  KOJMYECTBa

LIHK . ..c.veueenneentennenirennenisenreesneseeeeenseeneesessnenseens 335
Xocanmn Ck. M., buomeranusamust Ha dYepHa Jyra B

OmopeakTop ¢ QIYUAUZUPAH CIOM................... 361
Xpycanosa A. T., Bk Xomkaorny I'. A., u 1p. ....... 335
Xyanr ¥Y.-C., Bk Jlatta A, HAP. wooeeveeieeeieieeieeens 265
IIBetanoBa S., Bk JluxapeBa H.,.......cccevvveiveennnnns 271

IlexoBa /. C., b. Eckiogep, X. Mupaser, Camonon-
peKaaHe€ Ha MaJKW OpraHudyHu MOJICKYJIHU B
HUILIKOBUIAHU MUKDPOCTPYKTYPU B OTCBHCHTBHE Ha
PABTBOPHTEIT «.eeveeeenireeireeieesieesieeeareesieeeveenee 115

Hexosa M. C., B. b. CrosHoBa, MuKpocTpykTypa Ha
HOBH METaJO-OPTaHUYHU TCIIOBE IONYYCHH OT
refooOpa3yBaTeNy C HUCKa MOJIEKYJIHA Maca.. 152

Ilexoa JI. C., E. II. Makakosa, II. C. Anos, I'. A.
l'opnesa, 1. K. IIpxkesa, JI. II. TanueBa, B. B.
IletkoB, A. P. CypneBa, b. Eckxiomep, X. .
Mupager, E. Karn, Bpp3ka cTpykTypa-aKTHBHOCT



TIpU HOBH TIPOM3BOJNHU Ha L-BanmHa mposBsIBAIIN
HEBPOGDHUIUOTOTHUHH SDEKTH ....oovevrerreerannenns 137
Huanapcku b., b. Iletposa, T. Bynunosa, H. Iletpos, A.
ITomoBa, M. Kxxemmucka, C. ITym, FO. MaiieBcka,
CuHTE3 U OXapaKTepU3UpaHe Ha BBIJICPOIHA MSTHA
MOCPEIICTBOM  IICHO-0Opa3yBaHe IIPU  HHCKO
HAJIATAaHE C W3IMOJI3BAHETO HA TMeK MOoAu(UIIUpaH
cbC HySO4 KaTO MPEKYPCOP..eveevveeveerirenieananenn 403
IManTanakmmvu K., C. JI. benmaranu, CuHTe3 u criek-
Tpo(hOTOMETPHYHY U3CIICIABAHUS Ha HIKOW OCH30-
THA30JIMIIA30-0arpmiia — OmpeAensHa Ha Meq,
LMHK, KaIAMHH, KOOAIT X HUKEL.......ovvveennnnneee.. 384

Ma¢uu B., Bk [Typerenan X. P., u ap. «oeovveeeneeneen. 235
[MammkanT C., Bk Beny T. 1., # AP, woooveveieieenee 413
unep K. A., P. Kayc, On-naiin onpezensine u o0paboTka
Ha TPEUIKA MPHU JAHHK TMOJNYy4YeHH C EJIEKTpO-
XMMHUYHA UMIICJ]AHCHA CIIEKTPOCKOIUS Ha OCHO-
BaTa Ha aBTOKOpPEJAlMsA Ha MPETErJICHH XapMo-

HUITH «veeeveeneeesreenieenereenseensessseesssesnseesssesnseessseens 198
[Tonos M., Buxx CriaceBcka Xp., U AP. veeveveerreerenennne 302
SukoB . C., Bux MapunoBa H. A., v ap. ...couvennennee 373

439



Bulgarian Chemical Communications, Volume 41, Number 4, 2009

MNPEAMETEH YKA3ATEIJI

Ca],XSI'XFz
EnHoBpeMeHeH pacTex Ha KpUCTAIHHU Oyl OT, C
pa3IUYHO ChIBPKAHKE Ha St Upe3 mogoopeHa
anapatypa Ha bpunman-Crokbaprep. Hamgexn-
HOCT Ha TEXHUKUTE W3MOI3BAHY 32 U3MEPBAHE Ha
CBETOIPOITYCKITHBOCTTA. ..c..eenveerenreereenreeneeneenns 260
V205
-Z1O, xaTanu3aTop 3a CEIEKTUBHO OKUCICHHUE Ha
o-kcuioia 1o ¢ranos auxunpua: 1. Ilonyyasane,

KaTaJUTHUYHA aKTUBHOCT U CEJIEKTUBHOCT ........ 312
7 n2+

W3cnenBane Ha copOusaTa Ha, OT IPUPOJTHU

KIIMHONTUIIONUT U MOPIEHHT ...ovvenveernreaneeennenn 271
aBTOKOpEJTaLus

Ha TpeTeryieHn XapMoHuim. OH-JIaiH onpeaensiHe

1 00paboTKa Ha TPENIKH MPY TaHHU MTOTTY9IEeHH C

SJIEKTPOXMMHUYHA UMIICJaHCHA CIIEKTPOCKOMHS Ha

OCHOBATA HA....eeuveenieerenteenienteeneesseeneesieenaeeeenneas 198
azor,

CuHTe3a Ha MaKpOIMKIIU ChAbpKaIiu dochop,
1197 (A1 (0] o100 631 o 157 AR 252
A30TECH OKCHUJL
SHJIOTEeHEH Y4acTHe Ha, B epeKTHTE Ha KHOTOP(UH
Y HETOB CHHTETUYEH aHAJIOT BhPXY UMOOHIH3AIH-
OHHA U CTYJI0Ba CTpeC-WHAYIMpaHa aHanre3us 121
AKTHBHOCT
AHTHUMUKPOOHA, Ha HOBH CEpUH TUXUAPOOEH30(]Y-
PAHOIHU. CHHTES H..eoeveeeveeereereeereenveenenennnes 413
aHTU-MHUKpPOOHa, Ha 2,4,8,10,13-nmeHTameTmi-6-3a-
MecteHu-13,14-muxuapo-1 2H-6)-muben-
30[d,i][1,3,7,2]anokcazadochennt-6-okCuam,

cyndunm u ceneHuAN. CHHTE3 U ....ceenenennene 64
Penokc, Ha 31aT0-MOJTMOA€HOBY KaTaJIN3aTOPH:
BIIUSTHUE HA METOJIUTE Ha MOJy4YaBaHe ........ 284

aKyMyJIaTOpHa I1acTa
aMOPTH3HMPaHa OJIOBHA, XUIPOMETATYPrHIHO
TPEPAOOTBAHE HA, ....veerenereerereeereseeeeesenaenseens 296
aKyMYJIATOPHH 104U
ExcriepuMeHTalleH KPUTHYEH aHAIHU3 HA
PMIICTIAHC HA .e.evenveeneeeeenieniienienteenieeieeneeeneeneeens 184
aKyCTHYHa KOMYHHUKALUS
Ha ckakanena Chorthippus Biguttulus (L.1758).
Ot MoseKyJaTa 10 CEKCyaaTHOTO MOBEAEHHE —
poJjATa Ha MO3BbYHHSA HEBPOIICHTAICTITU ITPOK-

TOJTHH B ..eveevienireereenireeseenseesseesseessesssnessesnses 109
ATTEXUIH

KonpeHsamnus Ha XHpa30HOBHU IPOU3BOIHH C,

MO/ NEUCTBUE HA MUKPOBBIHH .....oeenveerereanveannee 88
ATWITIXIIOPH

EnHocTaaueH cuHTe3 Ha AUXUIPOU30KCA30ITH

upe3 1,3-Tu-ToNsIpHO NHUKIIONPUCHENNHIBAHE Ha

HUTPHITOKCHUIH KBM ...veeevveenrrenereeeeennreessnessseeens 83
aAMH/IHU aHAJIO3H

HOBH, Ha n3ohopmu 2 u 3 Ha aHTUCTA3WH. [{n3aiiH,

440

CUHTE3 U aHTUKOAryJaHTHU U3ciaeaBaHus Ha .. 103
aMHHOKHCEINHH aHaJI03H1

Ha 10-meTokcuauoOen3[b,f]azenun u omeHka Ha

TSAXHATa aKTUBHOCT KaTO aHTHOKCUIaHTH. CHHTE3

a-amMuHO(OoChOpHA KUCSTHHA
EdukacHa cuHTe3a B €IMH ChJl HA €CTEPH Ha, C
ndoBu 0a3u ¢ U3MOJI3BAHE HA HATPUECB ETOKCH/]
KaTo Karanu3aTtop (peakuus Ha [1y10BUK) 1
TAXHATA OMOJOTHYHA AKTUBHOCT .....eeeeennennnee... 240
aHaare3us
MMOOMIIM3AIIMOHHA U CTYI0BA CTPEC-UHIyIUPAHa,
VYuacTue Ha eHIOTEHHHUS a30TEH OKCH/] B e(hek-
TUTE Ha KHOTOP(UH U HErOB CHHTETHYEH aHAIIOT

BBPXY eveveeuerreeteaneenseeneenneeeesseensesneenseaneenseeneens 121
aHaIn3

ExcniepuMeHTaneH KpUTHYEH, Ha UMIIEJaHC Ha

AKYMYJTATOPHH TTOUH ...oveeveneeeneeneeeneenseeniennnens 184
AHHMOHOOOMEHHHK

teueH, Paznensne Ha manaauii(Il) upes xpomato-

rpadcka ekcrpakiys ¢ oobpHara ¢asa ¢ u3non3-

BAHE HA, voeeeeeeurreeeeeeeeirreeeeeeeiirreeeeeesinneeeeeenssneeees 276
AHTHMHUKPOOHA aKTUBHOCT

Ha 2,10-auxiop-6-3aMecTeHH ¢ eCTEpU HA aMUHO-

kucenuuu-12H-mn6en3o[d,g][1,3,2 ] anoxcadoc-

(hOTTMH-6-0KCHIH. CHHTE3 H....c.veenveeeenieneenene 426
aHTHMOH

OrmnpenensiHe Ha, B 0apyTHH OCTATBLM Ype3 eIIeK-

TPOTEPMHUYHA aTOMHO a0COPOITMOHHA CIIEKTPO-

METPHS . evveeneieenreenereenreesereeteestaeenseenseesnseenseesnnes 408
AHTHHOIMIICTITUBHA CPCKTH

Ha des-OKTanenTUA-uHCYJIMH CBBbP3aH ¢ eHKeda-

JIFHE «.oovvveeeeeeeteeeeeeeeeireeeeeeeenreeeseeeensereeeseensnnens 142
AHTHOKCHUIAHTH

CuHTE3 Ha aMMHOKHCEIMHH aHano3u Ha 10-meT-

okcuanbens[b,f]azernuy u oreHka Ha TIXHATA

AKTHBHOCT KATO ...veeeieeveeeeeeeeineeeeeeesinneeeeeeeenneeess 79
aHTHCTA3MUH .

Ju3aiiH, CUHTE3 U aHTUKOAryJIaHTHU U3CJEeIBAHUS

Ha HOBU aMUIHU aHAJI031 Ha u3odopmu 2 1 3 Ha

.......................................................................... 103
apTEepUATTHOTO HaJISITaHEe

bwp3u ocumianuu Ha, y TurbxoBe Wistar mo Bpeme

Ha MPHUIOKEHUETO HA HOIUIICTITHHOBU aHAI03U

.......................................................................... 132
ATOMHA €MHUCHOHHA CIIEKTPOMETPHS

C MHIYKTHBHO CBBhp3aHa Ia3Ma — n300p Ha aHa-

JUTAYHA JTHHUU U TOYHOCT TIPH OTIPENIEIITHE Ha

TUTaTHUHA, TANIaIni, POIHiA, OapHii U OJIOBO B aBTO-

MOOHITHU KATATTH3ATOPH ....vveeveerreereeveerseneeennennes 71
ATOMHA CIIEKTPOMETPHS
[ToTOYHO-MHKEKIIHOHEH aHaIN3 ChYETaH C....... 11

ATOMHO a0COPOIOHHA CIIEKTPOMETPHS
enekTporepMudHa, OnpeensiHe Ha AaHTHUMOH B



OAPYTHHU OCTATBIH UPE3....eveenrereaneeareaernneeneennees 408
ATOMHO CHJIOBa MUKPOCKOTIHS

3a OXapaKTepU3UPaHe Ha YOBEIIKH TPOMOOLUTH

Hpeny U Clie]l B3aUMOJIEUCTBHE C ONPEIeIICHU

AHTUKOATYJIUPAIIH JICKAPCTBA ...vvevveenerernreeneneanne 30
Oapwuii

ATOMHA €eMHUCHOHHA CIIEKTPOMETPHS C HHIYK-

THUBHO CBBbP3aHa I1a3Ma — U300p Ha aHATUTUYHU

JIMHUM ¥ TOYHOCT IIPH OTIpEJIeIIsIHE Ha, IJIaTHHA,

naja i, pouid, 1 0J0OBO B aBTOMOOMIIHU KaTau-

BATOPH «vveeneeeeureenireerteeniteeneeesieeesreesseesteesanessseens 71
OCH30THA30IMIIa30-0arpuina

CuHTe3 U cIeKTpo(hOTOMETPHYHH U3CIEeIBAHMS Ha

HSKOH, — OTIPEeIITHE Ha MeJl, LIMHK, KaJAMHH,

KOOAIT M HIKCTL.....ceuveeeenrenereteenrenieenrenseeneenieenes 384
OeceneBu QYHKIMH

[TpuioxkeHue Ha, B MOJICIMPAHETO Ha MHIKEHEPHO-

XUMHYHH TPOIECH (O030D).....ecveveeereiieireinnns 354
Bruomeranuszanus

Ha 4YepHa Jiyra B Ouopeaktop ¢ Gpiayunusupan

CITOM. ..t 361
omopeakTop

¢ Qurynnusupan cioil. buoMmeTaHnzaius Ha YepHa

JyTa B.... 361

6uc(2-N-OyTri-4-xJ1I0pUMHU1a3001)-5-UIMUHOETaH

€JIMH JIUTaH[ OT cayieHoB Tun. CHHTE3, OXapaKTe-

pu3npaHe U HAKOW CBOWCTBA Ha JIAHTAHOB

KOMIIIIEKC HA ...cvvvvveeeeeeirrreeeeenineeeeeeenaneeeseeennnnes 49
Bpunman-Crokbaprep

noio0peHa anaparypa Ha, EJJHOBpeMeHeH pacTex

Ha kpuctanau Oymu ot Ca,_Sr,F, ¢ pazmmaHo

ChIbpKaHUe Ha St upe3. Haek THOCT Ha TeXHHU-

KHTE M3II0JI3BAaHA 33 U3MEpPBaHe Ha CBETOIPOITYCK-

R1070:10 04 s v: EOUO SRS 260
L-Banmuu

Bp®3ka cTpyKTypa-aKTHBHOCT IIPY HOBU IIPOU3-

BOJIHHU Ha, MPOSIBSIBAIIH HEBPODUIUOIOTHUHH

CDCKTH ..vevviveeereeeeereeeeeteeeeereeaesveeseseeesaeesnens 137
BBIJICPO/IHA TITHA

CuHTe3 U 0XapakTepu3upaHe Ha, OCPEICTBOM

MeHO00pa3yBaHe MPHU HUCKO HAJISTaHe C U3IO0JI3-

BaHETO Ha nek moauduimpan csc H,SO, kato

TIPEKYPCOP c-veenvreenveerrreerreenieeenseesseesseessseesseesneeas 403
BBIJICPOJIHA CTOMAaHA

®DiryopecierH KaTo HHXUOUTOP Ha KOPO3Us Ha,

BBB BOIHH KITATEHII . ....eeeeeeeeeeeeeeeeeeeeeeeeeeeeaeaenns 379
raJBaHOCTATHYHM H3CJIEIBAHMS

M MIOTEHIIMOANHAMUYHHY, Ha OTJIaraHe Ha MeJ OT

CyndaTHU eNEKTPOIUTH CHABPKAIIN TOJIEMH

KOJIMYECTBA LIMHK ....ccvvveeenreeeerreeeereeeeeneeeaeseeans 335
res000pa3yBaresin

C HUCKa MOJIEKYyJIHa Maca. MUKpOCTPYKTypa Ha

HOBH METaJIO-OpraHUYHU T'eJIOBE MOIy4YeHH OT 152
JIBOMHU CJIOEBE

0T ochaTUIMIXOIUH ChIbpKaIy AnOeH30- 18-

KOPOHEH-6 eTep upe3 UMIeTaHCHA CTIEKTPOCKO-

s VI3MEPBAHMS Ha.....eeeuveeniieiieieeiieeieeieenn 175
Iuazodarpmia

MexaHu3bM Ha (OTOXUMHYHO pasjaraHe Ha, [0

peaknus Ha DEeHTHH: BIUSHAE HA PA3ITNIHU

PCAKIMOHHU TTAPAMETPH BbPXY KHHETUKATA Ha
PABTIATAHE. ....eeveeveeeereerreeieeneeesseenseeeseesssesseenes 390

12H-au6en3o[d,g][1,3,2]anokcadochouun-6-okcuan
CuHTE3 M aHTUMUKPOOHA aKTUBHOCT Ha 2,10-
JIIXJIOP-6-3aMECTEHHU C eCTEPU Ha aMUHOKHCE-

JIHH . c.vtentieeereeniresseenteesseenseessseenseenssesnsesnsnenes 426
TUXUAPOOEH30(ypaHOIH

CuHTE3 ¥ aHTUMHUKPOOHA aKTUBHOCT HA HOBU

COPHM. c.nvveeneeenieeenieeieesateenitesteebaesseenbeesasesneenne 413
JIIXHIPOU30KCA30ITH

Ennocraguen cunTes Ha, upe3 1,3-au-TonspHO

IUKIONPUCHEINHIBAHE HA HUTPIIIOKCUIN KBM

PER107%0)0:0) (070) 51 QPR USUR 83
N-(auxmopodheHu)MaaTeHMUIH

W3cnenBane Ha ChIIOTMMEPH3AIMATA HA, C METHII-

METAKPHIIAT ..eeveveenreeereeneeenaeeenteessesnseesnseesseesnnens 38
CJICKTPOAKTUBHU CHEIUHCHUA

OpraHWYHU, MaTepualii U3MO0I3BaHH 33 Opra-

HUYHU CBETOUZTBUBAIIU JUOAU —....ovveeneeennnenne 225
CJIEKTPOJIUT

aMOHHEBOHUTpATEH, M3ciieiBaHe Ha MPOIECHUTE U

MeXaHU3Ma Ha eJIeKTPOOTIaraHe Ha MeJ OT, C

METOJa Ha UKIIMYHATA BOJITAMIIEPOMETPHS .... 45
€JIEKTPOJIUTH

cyndaTHH, ChIBPKAIIN TOJIEMH KOJIMYECTBA IIHHK.

[ToTeHIIOAMHAMIYHY U TaJIBAHOCTATUYIHU

M3CJIEIBAHMS HAa OTJIATAHE HA MEJ OT .............. 335
CJICKTPO-XUMHUYHA UMITCAAHCHA CIICKTPOCKOIHUS

On-J1aiiH onpezelsiHe 1 00padoTKa Ha IPELIKU ITPU

JTAaHHU TTOJIy4YeHH C, HA OCHOBAaTa Ha aBTOKOpeia-

LS HAa IPETENNIEHU XaPMOHULM ........coveennenne. 198
CH3UMHA ecTepuduKanms

MopenupaHe Ha KHHETHKATa Ha, 10 OTHOIICHUE

Ha CHOTHOIIICHUETO Ha CyOCTPATHTE ................ 329
€H3UMHA TpaHChOopMaLUs

Ha (peHMIIALETUIIHA TPYTIa C TIOMOILTA HA MeHH-

e G arunasza. CHHTE3 Ha MOJICITHU HEeTITHAHN

cyOcTpaTH 1 u3cie/IBaHe Ha peakuusiTa Ha .... 126
eHKe(haTnHU

AHTHHOIMIICTITUBHY e()eKTH Ha des-OKTanenTu/I-

1703 (0 410700015 5 ok T2) : oSS 142

ecTepy Ha aMUHOKHUCEINHH
CuHTe3 ¥ aHTUMHUKPOOHA akTUBHOCT Ha 2,10-
IUXJop-6-3amectenu ¢, -12H-qubenso[d,g][1,3,2]

JTIHOKCADOCPOIIITH-O-OKCHII . .....ceveeneeeeaeeenenes 426
Edexrt Ha cipsirane

MIPE3 METHIICHOBA TPYTIA ..eevveenveneeneeaneeneeeneeeenns 53
371aTO

-MOJHMOICHOBH KaTaJIN3aTOPH PeoKC akTHBHOCT

HA: BIMSHHIE HA METOIUTE HA IOJTydaBaHe ...... 284
uMIie1aHC

Ha aKkyMyJaTOpHHU 11ouu. EkciepumenTanen

KPUTHUYCH AHATH3 HA «.evveenveeereeirenreenieeeeeenneeas 184

HMIIEZIAHCHA CTIEKTPOCKOTINS
W3mepBanus Ha IBOWHHU clloeBe oT (ochaTuani-
XOJIMH ChIbpXKAITN TuOeH30-18-KopoHeH-6 eTep
UPEB weeenereeneeenieenieenteesteenttesteebeeeteenbeesbeesseesaees 175
HMITEAHCHN M3CIICBAHMUS
Ha TBBbPJOOKUCHU FOPUBHH KJeTKH. Kopeknus Ha
WHIYKTHBHH TPEIIKH B ...ovveeeeneieneeneeeneenieeeennes 206



WmrnenancHu XapaKTePUCTHKH
Ha JTUMHUIHA MeMOpaHu o0pa3yBaHH OT CMeC Ha
(dhochonumua 1 MacTHA KHCEIUHA .................... 191
UHI010[2,3-b]XHHOKCATMHOBY ITPOU3BOIHU
HoBu mporierypu 3a CHHTE3 Ha TPHA3HHO[5,6-b]

170501 (01) 0 / SOOI PSR POUPORURORPRPRO 367
UHXUOUTOP

Ha KOpO3HWs Ha BBIJIEPOIHA CTOMaHa BbB BOJIHH

KageHIH. DIYOPECHEHH KATO. ......covereeerennenss 379

WHXHOUTOPHA aKTHBHOCT
MIOTeHIINAHa 3-cekpeTa3Ha, HoBu nentumHu
191709 (5207 €3 RS S 148
HOHOOOMEHHA CMOJIa
XeJlaTHa Ha OCHOBAaTa Ha ryMa I'yap 3a XpoMmaro-
rpadcko paszziensiHe Ha MeIHH OT HUKEIOBH HOHH.
N3non3BaHe HAa HOBOCUHTE3UPAHA ......veenveeneennne 22
KaJMHHI
ompeessiHe Ha MeJl, I[MHK, KOOAT, HUKE |,
CuHTE3 B CIEKTPOPOTOMETPUYHH H3CIICABAHUS HA
HSKOM OCH30THA30IMIIa30-0arpuiia —................ 384
KapOOKCUIIATHH MOCTOBE
Hoga nBymepra mpexa ot kommiekc Ha Co(Il) c:
CHUHTE3 U CTPYKTYPHH ACHEKTH .....c.veeeeeneeeeanennns 265
KaTanmsa
6asnyna, CuHTE3a Ha 2-THOKCO-2,3-TUXUAPO-
treHo[2,3-d|nupumunua-4(1H)-ouu upes, u
M30JIMpaHe Ha MEXIUHHU ChEANHEHHS C M3MO0N3-
BaHE Ha MHUKPOBBIIHOBO OOJI'BUBAHE ................ 229
KaTaJIn3aTop
V,05-ZrO, 3a CeNeKTUBHO OKMCJICHHE Ha O-KCH-
non o draos anxunapun: 1. [Tomyuasane,
KaTaJUTHUYHA aKTUBHOCT U CEJEKTUBHOCT .. 312
KaTalxu3aTop
HATPHUEB €TOKCH] KaTo, EdmkacHa cuHTe3a B eIMH
CBHII Ha €CTepH Ha o-aMHHO(pOCc(HOpHATA KUCEe-
JuHa ¢ mugoBu 0a3u ¢ U3MOI3BaHE Ha, (peak-
nus Ha [lynoBuK) U TAXxHaTa OHOJIOTHYHA
AKTHBHOCT ...vveutienteteentenieeneesieeneesneenueseenneas 240
KaTaJIn3aTOPU
aBTOMO6I/lJ'IHl/I, ATOMHa €MHUCHUOHHA CIIEKTPOMET-
pHs C MHIYKTUBHO CBBp3aHa Iuia3Ma — u3bop
HA AHATATUYHY JIUHAA U TOYHOCT TIPH OIpe-
JICIsTHE Ha TUTATHHA, AT, poaui, Oapuil u

OJIOBO B ..ccuvvrieeeeeeiinreeeeeeeetrreeeeeeetreeeeeeeesnneens 71
3J1aTO-MOIUOIeHOBH, PEIOKC aKTUBHOCT HAa: BIIUs-
HHUE Ha METOJIUTE Ha TIOJIy9aBaHe .............. 284

KaTaJIuTHYHA aKTHBHOCT
1 celleKTUBHOCT. V,05-Zr0, Katamu3arop 3a
CEJIEKTUBHO OKHCJICHHE Ha 0-KCHJION 10 (TaoB
aaxuapua: L. [TomygaBase,.........ccocceveveienenncee 312
KHHCTHUKA
Ha eH3UMHa ectepudukaisi, Mojaenupase Ha, 10
OTHOIIICHHE Ha CHOTHOIICHUETO Ha CyOCTpa-

Ha pasjarane MexaHu3bM Ha (POTOXMMHUYHO pa3iia-
raHe Ha Aua3zo-0arpuia 1o peakiys Ha
@DeHTBH: BIMSHHE Ha PA3INYHH PEaKIHOHHH
TIAPAMETPH BBPXY.c.veenveveenverreenveeneenseeneenseans 390
KkuoTopuH
VYuacTre Ha €HIOT€HHUS a30TeH OKCUJ B edek-

442

TUTEC HA, © HETOB CHHTCTUYECH aHAJIOT BbPXY UMO-
6I/IJ'II/133LII/IOHHa 1 CTyAOBa CTPEC-UHAYLIMPaHa

QAHATITE3H «..eonveieeneeeieeieeiesieeeeesteentenbeenbesneeneene 121
KHCIIOPOJ

CuHTe3a Ha MaKpOIMKIIN ChabpKaIiu docdop,

A3B0T, CSAPA F .eerereeereeereenireereenieeeseesseesseesnnessens 252
KIIMHOIITUIIOJIUT

M MOPJIEHUT. IpUpoaHu, M3cneasane Ha copOuu-

ST HA Z0%T OT, oo 271
KoOanT

ompenersiHe Ha MeJ, IIMHK, KaIMHAN, HUKET H,
CuHTE3 B CIEKTPOPOTOMETPUIHHN M3CIICABAHUS Ha
HSKOW OCH30THA30JIMIIa30-0arpuma —................ 384
KOMIIJIEKC
JIAHTaHOB, Ha O6uC(2-N-OyTHII-4-XJI0pUMHUIA301)-
S-I/IMI/IHOCTaH, CIUH JIMraH/J OT CaJICHOB THII.
CuHres, oxapakTepu3HpaHe 1 HSIKOU CBOWCTBA
HA ceitenieeitenie ettt ettt et 49
Ha Co(II), HoBa nBymepHa Mpexa oT, ¢ KapOoKcH-
JIATHU MOCTOBE: CHHTE3 U CTPYKTYPHHU aCIEeKTH
..................................................................... 265
Konnensanus
Ha XUIPA30HOBH MIPOU3BOIHU C ANIEXUAN O]
JIEACTBHC HA MUKPOBBITHH .....cvveveeeerneeeenneennens 88
KOpO3Us
Ha BBIVIEPOJHA CTOMaHa BHB BOAHU KJIaICHIIN.
@DiryopeceH KaT0 HHXUOUTOP Ha.......c.e.n...... 379
0-KCHJIOJ
V,05-ZrO, kaTtanu3aTop 3a CEJIEKTUBHO OKHUCIIe-
Hue Ha, 10 ¢ranos auxuapun: [. [Tonydasane,
KaTaJUTUYHA aKTUBHOCT U CEIEKTUBHOCT ....... 312
JIeKapcTBa
AHTHKOATYJIAPAIIH, ATOMHO CHJIOBa MUKPOCKOIIHS
3a oxapaKTepHU3UpaHe Ha YOBEIIKH TPOMOOIIUTH
TIpeIH U CIIe B3aUMOIeHCTBHE C omnpeesieHu .. 30
JIUTaHJ OT CAJICHOB THII
CuHTe3, oXapaKkTepu3upaHe U HSIKOW CBOHCTBA Ha
JIAHTAaHOB KOMIUIeKC Ha Ouc(2-N-Oytrn-4-xmop-
HUMH/130J1)-5-UMHUHOCTAH, €MIUH .....coveveverernnennen. 49
JIMITUIHK MEMOpaHH
o0pasyBaHu OT cMec Ha Gochoyunua 1 MacTHa
kucenuHa. ViMnenaHcHH XapakTepUCTUKHY Ha .. 191
MaKpPOIHKIN
chapprkaiy Gocdop, a30T, KUCIOPO U cApa.
(037154 XSc T2 1 ; c: NSRS 252
MapKepu
3a XUMUYHUTE IPOMEHH Ha KepaTHHA Ha BBJIHATA
10 BpeMe Ha Iporieca Ha 00e3KoCMIBaHEe U CpaB-
HSBaHE HA Ka4eCTBOTO Ha IOJTydeHaTa BBJIIHA IO
JIBa €KOJIOTMYHH METO/a Ha 00€3KOCMIBaHE.
CuHTe3 Ha JiBa MENTUIHU MUMETHKA KaTo ...... 164
Men
€JIEKTPOOTIIaraHe Ha, OT aMOHUEBOHUTPATECH
SJIEKTPOJIMT C METO/Ia Ha IIUKIINYHATA BOJITAM-
nepomerpus. M3ciensane Ha nporecure u
1Y (:€:121763Y 1 c: USSR 45
oTpenersiHe Ha ITUHK, KaaMUiA, KoOalT, HAKEeN U,
CuHTE3 U CIEKTPOPOTOMETPUIHA U3CIICABA-
HUS Ha HSIKOW OCH30THA30JIMIa30-0arpuina —
..................................................................... 384



Mef
TloTeHIMOAMHAMUYHY ¥ TaJIBAHOCTATUYHU U3CIIE/I-
BaHMs Ha OTJIaraHe Ha, OT CyJ(aTHH EIEeKTPO-
JINTU ChIBPIKAIINA TOJIEMH KOJUIECTBA ITUHK
..................................................................... 335
MEIHH HOHHU
N3non3Bane Ha HOBOCUMHTE3MpaHa XeJaTHa HOHO-
oOMEHHA CMOJIa Ha OCHOBaTa Ha TyMa T'yap 3a Xpo-
MaTorpad)CKo pas3JIeisiHe Ha, OT HUKESJIOBH HOHU

............................................................................ 22
METAaI0-OpraHHYHU T'eJIOBE

HOBH, MOJYYEHH OT relioo0pa3yBaTellu ¢ HUCKa

MOJIEKyJTHa Maca, MUKpOCTPYKTypa Ha, .......... 152
METHUJICEHOBA Ipyma

E(eKT Ha CIIPATAHE MIPE3.....ccveeerereereenreeereneene 53
MCETUJIIMECTaKpujiaT

W3cnenBane Ha chlioauMepu3anusnTa Ha N-

(MUXITOPODMEHUIT ) MATICHMUIIH C ...vvevveereveenvannnns 38

10-metoxcu-mubens[b,flazemnun
CuHTe3 Ha aMUHOKHCEJIMHH aHAJIO3H Ha, M OLCHKA
Ha TAXHATa aKTUBHOCT KaTO aHTHOKCHJAHTH .... 79
METOJ Ha Hali-MaJKUTe KBaJpaTu
yacTH4eH, ETHOBpEeMEHHO ceKTPO(OTOMETPUIHO
ONpEEIISHE Ha CJIEAN OT TOPUM U HUPKOHUH Ype3
........................................................................... 235
MEXaHU3bM
Ha eJIEKTPOOTIIaraHe Ha MeJ OT aMOHUEBOHUTPA-
TEH EJIEKTPOJIMT C METO/Ia HA LIMKJINYHATA
BOJIT-amIiepoMeTpust. M3ciensane Ha npoue-
CHTE Huuonvninienienieieiieiieeene e 45
Ha (OTOXMMUYHO pazjiaraHe Ha Jua3o0arpuia no
peakuust Ha DEHTHH: BIUSHNE HA Pa3InYHU
PEaKIMOHHHN TTapaMeTpH BbpPXy KHHETHKATa Ha
JOEKY) 021 ) (RS 390
MukpocTpykTypa
Ha HOBU METaJIO-OpTaHUYHHM T'€I0BE MOTYy4EHH OT
resioo0pa3yBaTeNy ¢ HICKa MOJIEKyJIHa Maca .. 152
MHKPOCTPYKTYpPH
HUIIKOBUAHU, CaMoNo/ipex/iaHe Ha MaJIKi opra-
HUYHU MOJICKYJIU B, B OTCHCHTBUE HA PA3TBOPUTEIT

.......................................................................... 115
MOJIeTTpaHe
Ha WH)XEHEPHO-XUMHUYHH Tiporiecu. [Tpunoxenne
Ha 0ecelIeBUTE PYHKIHH B........ccoervrenvennnnen. 354

Ha KHHETHKAaTa Ha €H3UMHA eCTepupHKaIHs 110
OTHOIICHNE Ha ChOTHOIICHNETO Ha cy0cTpa-

THTE .eveenvreeeveereeseeereesseesseessseesseesseesssesssesses 329
MOpICHUT
¥ KJIMHONTUIIONHUT. NPUPOAHH, M3cenBane Ha
COPOLHSTA HA ZN" OT, oo 271

HaTpHUEB E€TOKCHU]L
KaTo KaranuzaTtop, EdukacHa cuHTe3a B €1MH ChJl
Ha ecTepH Ha a-aMuHO(pochOopHaTa KUCETHHA C
mmr¢oBy 0a3u ¢ U3MOI3BAHE Ha, (PeaKIys Ha
[TynoBuK) n TIXxHaTa OMOJIOrMYHA aKTUBHOCT . 240

HEBPOTICHTANETITH]
MO3BY€H, IPOKTOJIMH, POJIATa Ha, B aKyCTHIHATA
KOMYHHUKaIws Ha ckakanera Chorthippus
Biguttulus (L.1758). OT MoJjekynaTa 0 cexcyai-
HOTO TTOBEIEHME —..coeeveeeeeeeeeeeeereeeeeeeeeeeeeaanaeens 109

HEBPODU3UOIOTHIHH e(EeKTH

BpB3Kka cTpykTypa-akKTHBHOCT IIPH HOBH IIPOU3-

BOJHY Ha L-BaJIMHA TIPOSBSBAIIH .................... 137
HUKEI

olpejessiHe Ha Me/l, IMHK, KaJJMHUHI, KOOaNT H,

CHHTE3 ¥ CIICKTPOPOTOMETPUYHHU H3CIICABAHUS HA

HSAKOHM OCH30THA30JIMIIa30-0arpuia —............... 384
HUKEJIOBU HOHU

W3non3Bane Ha HOBOCHHTE3WpaHa XelaTHa HOHO-

oOMeHHa cMoJIa Ha OCHOBATa Ha ryMa r'yap 3a Xpo-

MaTorpadCKo pa3IeisiHe Ha MEIAHH OT............... 22
HUTPWIOKCHAN

EnHocTanmeH cuHTE3 Ha JUXUAPON30KCA30IIH

gpe3 1,3-au-mosIIpHO NUKIOTPUCHEIUHSIBAHE Ha,

KBM AJTHUITXITOPHL «.veveveenereenreeneeeaseenseessseesssesssesnns 83
HOLIMICIITUBHUTE e(i)eKTl/I

Ha Tyr-MIF-1 nentuaure cien Tpu Mojena Ha

crpec. OnmoaepruyHara cucTeMa U BTOPHYHUTE

HNOCPEIHULIM HOBITHSBAT ......eovveeurenneenrenreenrennnens 159
HOLMIIEITHHOBU aHAJIO3H

Bbbp3n ocumnanyy Ha apTepHANTHOTO HAJISITAHE Y

rexoBe Wistar 1o Bpeme Ha MPIJIOKEHUETO Ha

.......................................................................... 132
OKCHUIIeTyJI03a

OxapakTepr3upaHe Ha, MoJy4eHa Clie/l YACTUIHO

OKHUCJICHHE C PA3IUYHHU PEATCHTH. ........ccnvrennne. 396
des-okranenTua-uHCYJIHMH

CBBP3aH ¢ eHKe(aTUHU. AHTHHOIMIICTITHBHA

CDCKTH HA ..o.vvenvienreeerereeeeereeeeesieeseeseenseesseseees 142

0JIOBO
ATOMHA €eMHUCHOHHA CIIEKTPOMETPHS C MHIIYK-
THUBHO CBBbP3aHa I1a3Ma — U300p Ha aHATUTHYHU
JIMHUH ¥ TOYHOCT IIPH OTIPEJeIIsTHE Ha TUIaTHHA,
naNaguid, poauii, 0apuii v, B aBTOMOOWIIHN KaTa-
JIABATOPH «eveenereenvreenieeieeeieesieesteeseesneesareenseennees 71
OH-NaifH onpenensHe
1 00paboTKa Ha TPELIKH [IPY TaHHH MTOYIEHH C
EJIEKTPO-XMMHUYHA UMIIEIaHCHA CIEKTPOCKOMIHS Ha
OCHOBaTa Ha aBTOKOpPEJIaLysl Ha MIPETErJICHN
KAPMOHUIIH ...vveenvreenreenrreenieenseesueesseessseesseennneens 198
OnuoaepruyHa cucrema
Y BTOPUYHHTE ITOCPEIHUIIM OBJINSABAT HOLULIETI-
tuBHHTE edextn Ha Tyr-MIF-1 nenrunure cien
TPHU MOJENA HA CTPEC .veervvernveervreaveerureenveeneennne 159
OmnpenensiHe HAa AHTUMOH B OapyTHH OCTAaTBIH Upe3
€JIeKTPOTEPMUIHA aTOMHO a0COPOIIIOHHA CIIeK-
TPOMETPH. ... cenvneeeeneeseeeneeseeeeesneeneeeseenseeneenes 408
ONITHMAJIHO HATOBAapBaHE
Ha EHepProCUCTEMHTE NPpU paboTaTa Ha MHOTOLE-
JIEBM 3aBOAM. YIIPaBJICHHE HA IPOU3BOJCTBCHU
KAMITAHUU, OCUTYPSBAIIIO. ... cevveereeerereanerenneeennes 421
oCILMJIaLUH
Bbbp3u, Ha apTepUaTHOTO HAJISITaHE y TUIBXOBE
Wistar 1o Bpeme Ha NMPHIIOKEHHETO Ha HOLUIIETI-
TUHOBHU QHATIOBH «..ceevenveerenrienrenneenrenneennenneennennes 132
najagamn
ATOMHA €eMHCHOHHA CIIEKTPOMETPHS C MHIYK-
THUBHO CBBbP3aHa I1a3Ma — U300p Ha aHATUTHIHU
JIMHUM ¥ TOYHOCT IIPH ONpeJelsiHE Ha, MJIaTHHa,

443



pozuii, 6apwii 1 0JIOBO B aBTOMOOWIIHN KaTaJIH-
BATOPH vvvveeeveeereesereenseessreesseenseessseesssessseessseesseensns 71
manaaui(IT)
Paznensine Ha, uype3 xpomaTorpadcka eKCTpaKiys
¢ 00BpHATa (pa3a ¢ U3MOJI3BAHE HA TCUCH aHHOHO-
OOMEHHHUK ....cuvenriveeneinieenienieeieeieeniensenieenenieas 276
ek
mouduimpan csc H,SO, kaTo npexypcop. Cun-
TE€3 U OXapaKTepU3UpaHe Ha BBIIICPOHA TIsTHA
MOCPENICTBOM IIEHOOOpa3yBaHe IPU HUCKO HaJIsI-
§¥2): (SO 2630 (0)) 63: 120 (S Mo 10 = : HO 403
neanime G ampiasa
CuHTe3 Ha MOJEITHH MTENTHIHH CyOCTpaTH 1
M3Clie/IBaHe Ha PeaklysaTa Ha €H3UMHA TPAHC-
(hopmanms Ha (peHMITANIETHIIHA TPyTIa C TIOMOIITa
HA .« ettt ettt et ettt st b ettt 126
NeHOO0pa3yBaHe
MIPY HUCKO HaJISITaHE C U3I0J3BaHETO Ha TICK
moguduimpan csc H,SO, kaTo nmpexypcop.
CuHTE3 B OXapaKTepU3UpaHe Ha BBIJICPOIHA IITHA
TIOCPEICTBOM......eeuveeerieerenereensreeneenneeenseesseesnnes 403
nentuaure Tyr-MIF-1
OnuoiepruvHaTa CUCTeMa U BTOPUYHKUTE TOCPE/I-
HUIIM MOBJIUSIBAT HOLMIICTITUBHUTE e(pEeKTH Ha,
CJIEIT TPH MOJIETIA HA CTPEC ..vveeeveeevrereveanveeenens 159
MENTHIHA MUMETH3U
Hogu, ¢ notennmanHa -cekperasna HHXHOUTOpHA
AKTHBHOCT ....evveveentenerenteeeeentenseentesseenueeneenseenees 148
NenTUuaIHu MUMETHUIIU
CuHTe3 Ha JBa, KATO MapKepH 32 XUMUYHHUTE IIPO-
MEHH Ha KepaTHHA Ha BBJIHATA IT0 BPEME Ha MPO-
1eca Ha 00e3KOCMSBAHE U CPABHSIBAHE HA KAUeCT-
BOTO Ha IOJy4eHAaTa BhJIHA 110 JBA €KOJIOTHYHH
METOIA HA O0E3KOCMABAHE .....eeeeeeeeeeeeeeeens 164
MIENTHIHA CyOCTpaTH
mozennu, CHHTe3 Ha, ¥ W3CJIe/IBaHe HAa PeakiusaTa
Ha eH3MMHa TpaHchopmanys Ha (GeHUTaleTHIHA
rpyma ¢ momomira Ha neHunwinH G anumasa .. 126
IiIaTuHa
ATOMHA €eMHUCHOHHA CIIEKTPOMETPHS C HHIYK-
TUBHO CBbp3aHa IuiasMa — 1/1360p Ha aHAJIMTUYHU
JUHWAU ¥ TOYHOCT TP ONpEACISTHE Ha, MATaIHA,
ponuii, bapuii 1 0JOBO B aBTOMOOWIIHU KaTaJIH-
BATOPH +vveenereeureenireenseeniteenseesieesnteesssesseesnesnseene 71
[MoTeHIMOAMHAMUYHYU U3CIICABAHUS
¥ TAJIBAHOCTATHYHH, HA OTJIATAHE HA MEJ OT
cyinaTHU eNEKTPOIUTH ChBPIKAIH TOJIEMH
KOJTMYECTBA ITHHK ...c.evenveenrinieneeneeeneenieeneeeeennens 335
MIPOKTOJIUH
poJIsiTa HA MO3BYHUSI HEBPOIICHTAIICNITH/I, B aKyC-
THYHATA KOMYHUKaIus Ha ckakaiena Chorthippus
Biguttulus (L.1758). OT moniekyJiaTa 0 CeKcyali-

HOTO MOBEACHHE —.....euvenreerenrennrenreerenneennenneenns 109
IIpoLecH

HWH)XEHEpHO-XxUMHIYHH, [IpunoxeHue Ha Oecene-

BUTE (PYHKIIH B MOJCIUPAHETO Ha.........c.c.n..... 354

MPBYKOBHUIHU TTOJIMMEPH
OKOCMEHH, ChIbpKanth 1,3,4-0kcaana3onoBu
NPBCTEHU B MOBTAPSIINTE ce 3BeHa. CHHTE3a U

444

H3CjIeaABaHEC CbC CTATUYHO CBCTHOpaSCCﬁBaHe Ha,

.......................................................................... 302
pa3TBOPHUTENN

1 ekcTpareHTd TOKCHYHOCT Ha HAKOM, KbM

kietku Ha Lactobacillus Casei...........c..couve.... 373

pacTex Ha KPUCTAJIHH OYJIH
Ennospemenen, ot Ca; StF; ¢ paznuuno cbabp-
JKaHHe Ha St upe3 mogo0peHa amaparypa Ha
Bpunman-Crok6aprep. HamexxTHOCT Ha TeXHU-
KHTE M3IIO0JI3BAHU 32 U3MEPBAHE HA CBETOIPO-
ITYCKITIBOCTTA «..euveeneeeieneesneeneesneeseeeneenseeneenseens 260
peakuus Ha [TynoBuk
EdukacHa cHHTE3a B €IMH ChJI HA €CTEPH HA O
amuHOpochopHaTa KrucenrHa ¢ mudoBu 6asu ¢
M3IOJI3BaHe Ha HATPUEB €TOKCH] KaTo KaTa-
JIM3aTOp U TAXHATAa OMOJIOrMYHA aKTUBHOCT .... 240
peakius Ha PeHTHH
MexaHu3bM Ha (POTOXMMHYHO pa3iaraHe Ha
Jrua3o0arpuia 1o,: BIUSHAC Ha PA3JIUYHU PeaK-
IUOHHU MMapaMeTPy BbPXY KMHETHKATA HA pa3ia-
TAHEC. ... vveeevveeesereeessreeesseeessseeesseeesssseesssseessssenns 390
ponuit
ATOMHA €eMHCHOHHA CIIEKTPOMETPHS C MHIYK-
THBHO CBBp3aHa IUIa3Ma — n300p Ha aHATUTHYHH
JIMHUY ¥ TOYHOCT MPH OIpeIesiHe Ha, TUTaTHHA,
najanui, 6apuii ¥ 0JIOBO B aBTOMOOMITHH KaTa-
B107 1T 10] o) SO 71
Camornopexaane
Ha MaJIKHN OpFaHI/l‘lHl/I MOHeKyHI/l B HUILIKOBUJJHU
MHUKPOCTPYKTYPHU B OTCHCHTBHE HAa Pa3TBOPHUTEI
.......................................................................... 115
CBETOU3THYBAIIM THOIN
OpraHWYHU, MaTepuaiy H3M0I3BaHH 33, — Opra-
HUYHU €NICKTPOAKTHBHU CHEAUHEHUS .............. 225
CBETOIPOIYCKIHBOCT
EnHOBpemMeHeH pacTex Ha KpUCTAIHU Oynu OT
Ca;_Sr,F, ¢ paznuuHo chabppKaHue Ha St upe3
nono0peHa amaparypa Ha bpuaman-Croxbaprep.
HanexaHocT Ha TEXHUKHUTE U3IMOJI3BAHU 32
HBMEPBAHE HA ..evveenerernreenerenieeirenseenseesnseenseenns 260
CEJIEKTUBHO OKHCJIEHHE
V,05-ZrO, xaTanuzarop 3a, Ha 0-KCHUJION 10
dranos arxunpun: 1. [TorydaBane, kKaTauTHIHA
AKTUBHOCT U CEJICKTUBHOCT .......cccuvveeeerreereereanns 312
CeJICHUIU
CuHTE3 ¥ aHTH-MUKPOOHA aKTHBHOCT Ha
2.4,8,10,13-nmenrameTir-6-3aMmectTenu-13,14-1u-
xuapo-12H-6A°-m6enso[d,i][1,3,7,2] amokcasa-
(hochennH-6-0KCUIH, CYTDUIU U ....ceeveenenne. 64
CHHTE3
Ju3aiiH, ¥ aHTUKOATryJaHTHU U3CIEABaHMs Ha
HOBM aMUJIHU aHAI03U Ha n3odpopmu 2 U 3 Ha
AHTHCTABHH ...veeeeevveeeireeeevieeevreeeneveeesnreeeanns 103
Ennocraauen, Ha nuxuapounsokcazonu upes 1,3-
JIU-TIOJIIPHO IUKJIOTIPUCHEINHIBAHE HA
HUTPUI-OKCUJIA KbM QIMUIXIIOPUL .....eonvveeee 83
W aHTUMHUKpPOOHA aKTHBHOCT Ha 2,10-1uxmnop-6-
3aMEeCTEeHHU C eCTepH Ha aMHHOKUCeTHHU- 1 2H-
nmubenso[d,g][1,3,2]nnokcadocdorma-6-
OKCHIITH ..o eeeeeaaeaeeeens 426



1 aHTU-MHAKpPOOHA akTUBHOCT Ha 2,4,8,10,13-1mmen-
TaMeTui-6-3amectenn- 13, 14-quxuapo-12H-
6A°-m6en3o[d,i][1,3,7,2]mmokcasadochermn-

6-0KCHUIH, CYTOUAN U CENCHUMN .................. 64
1 aHTUMHKPOOHA aKTHMBHOCT Ha HOBH CEPUU
JTUXUAPOOCHIOMYPAHOI . ....e.veeeveeerenveenvenenes 413

Y OXapakTepHU3upaHe Ha BbIVIEPO/IHA TIsTHA IOCPe-
CTBOM IICHOOOpa3yBaHe MPU HIUCKO HaJsITaHe ¢
U3IOJI3BAHETO HA TIEK MOAU(UITUPaH ChC
H,SO4 KaTO IPEKYPCOP..evvernveeveerrierirenieanne 403

U CIIEKTPO(HOTOMETPHYHY U3CIICIBAHKS HA HIKOU
OCH30THAa30IMIIa30-0arpriia — OTpeIessTHe Ha
MeJI, IIUHK, KaAMHUH, KOOAIT U HUKEIL.......... 384

U cTpyKTypHH acriekT. HoBa AByMepHa Mpexa
ot xkomrieke Ha Co(Il) ¢ xkapbokcunaTau

Ha aMUHOKHUCEJINHH aHajio3u Ha 10-MeToKCH-Iu-
oen3[b,flazenuH u OlIEHKA Ha TAXHATA AKTHB-
HOCT KaTO QHTUOKCHIAHTH ........ccovvveeeneeeennnnn. 79

Ha IBa NNCNTUIHU MUMETHUKA KAaTO MapKepI/l 3a
XUMHUYHHUTE TIPOMEHHU HA KEpaTUHA Ha BhJIHATA
0 BpeMe Ha IpoIieca Ha 00e3KOCMIBaHE U
CpaBHsIBaHE HA KAYECTBOTO HA MOJIyYeHATA
BBJIHA 110 JIBa €KOJIOTMYHU METOA Ha 00E3K0C-
Y0 0:7:) < (<SR 164

Ha MOJICJIHU TEeNTHIHN CYOCTpaTH U U3CJIeIBaHEe
Ha PeaKIusiITa Ha EH3UMHA TpaHChOopManusI Ha
(eHmnaneTUIIHA rpyIia ¢ IOMOILTA HA IEHUIH-

JHH G aIMIIA38 ..o 126
Ha TeTpa- U XEKCALUKINYHHU CIIUPO CUCTEMH O]
JIEHCTBUE HA MUKPOBBIIHH ....c.oeenvernveneeennennees 58

Ha TpuasuHo[5,6-blurmon u nam0I0[2,3-b |XUHOK-
CaJIMHOBH Tipom3BoaHK. HoBY nporenypu 3a
........................................................................... 367

oxapaKTepH3HpaHe U HAKOM CBOICTBA Ha JaHTa-
HOB KOMIUTEKC Ha 6mc(2-N-OyTrin-4-xop-
AMU/I-23011)-5-UMHUHOETAH, €IUH JATaH]] OT
CAITCHOB THIT «..envenverientinneenteeneeneeeneeneeeneenaees 49

CHHTE3a

Edukacha, B eanH chll Ha ecTepH Ha 0-aMUHO(OC-
(hopHarta kucenuHa ¢ mudoBu 6a3u ¢ U3IMOI3-
BaHE HA HATPHEB €TOKCHUJ KaTO KaTaJIU3aTop
(peakius Ha [Ty0BUK) 1 TsXHATA OHOIOTUYHA
AKTUBHOCT ....vouveenrineentenneenneeneenneenenieensenseens 240

¥ U3CJICJIBAHE ChC CTATUYHO CBETIIOpa3CceiiBaHe Ha
OKOCMEHH MPBYKOBUIHA MOJIHUMEPH, CHIBP-
xarmu 1,3,4-0Kcaarma30noBy IPHCTEHH B MTOB-
TAPSIIIIUTE CE 3BEHA ...ovvvnveeeeneeeneeneenieeneennes 302

Ha 2-THOKCO-2,3-muxuapotueHo[2,3-dJmupumu-
nuH-4(1H)-onn upe3 6a3nyHa KaTanmsa u
M30JIUpaHe Ha MEXINHHU ChEINHEHHS C
M3MO0JI3BaHe Ha MUKPOBBJIHOBO 00bUBaHe 229

Ha MaKpOLUKIIM Chabpxaiy Gocdop, a3oT,
KHCITOPOJT M CSIPA .vveenvrenreenerennreenereeaeennneans 252

Ha HOBU XETCPOLUUKIHYHH ChETUHCHUS ChIbP-
Kamu 1-(peHm-3-MupuImia3oioBa 9acr.

IIpoctu n nogXOAsIIN NIPOLUEAYPH 32 ......... 247
copOrus
Ha Zn>" OT MPUPOIHY KIMHONTHIONNT ¥ MOPJe-
15056 W% 160 (D1 0:T: 5 (SIB & 1 VORI 271

CHEKTPOPOTOMETPUYHHU U3CIICABAHUS
CuHTe3 1, Ha HIKOW O€H30THA30IMIa30-0arpuina —
orpejessiHe Ha Me]l, [IMHK, KaJMUH, KOOAIT 1

CHEKTPO(POTOMETPUYHO OIIPEAEIISIHE
EnnoBpemeHHO, Ha ciieay OT TOPUK U LIUPKOHUMI
4ype3 YaCTUUEH METO/| Ha Hall-MaJIKUTE KBaApaTu

CIIHPO CUCTEMU
CHHTE3 Ha TeTpa- U XEKCAIIMKIUIHU, IT0]T
JIEHCTBUE HA MUKPOBBIIHH «...covveenreenneeereenneenanees 58

CTaTUYHO CBETIIOpa3ceiBaHe
Ha OKOCMEHHU MPHYKOBUIHH MTOJIUMEPH, ChIABP-
xamu 1,3,4-0kcaana3ooBy NMPHCTEHU B TTOBTAP-
smmTe ce 3seHa. CuHTe3a u u3ciaeasane cue, . 302

cynduan
CuHTE3 ¥ aHTU-MUKPOOHA aKTHBHOCT Ha
2,4,8,10,13-nentameTuin-6-3amecrenu-13,14-qu-
xupo-12H-6)>-mm-6enso[d,i][1,3,7,2]anokcasa-

(hochenrH-6-0KCUAN, U CETCHUIM .....cc.evnenn.. 64
CBHITOJIMMEPHU3aLHs

Ha N-(quxsnopodeHmI)MATENMHUIHA C METHIMET-

akpunat. M3cneaBaHe Ha.........occoeeeveeeeneencnnen. 38

csipa
CuHTe3a Ha MaKpOIMKIIN ChabpKamu docdop,
A30T, KUCITOPOI H c..vveereenvrenereeeeensveesseessesnseenes 252
TBBPJOOKUCHHU T'OPUBHU KIIETKH
Kopexkiys Ha HHIYKTHUBHH I'PEIIKH B MIMIIEIaHCHH
H3CTHEABAHMS HA ..vvenvrenieeeeereenrenieeeenieenieenennens 206
5,6,7,8-Terpaxunpobenso[b]rueno|2,3-dJnupumuaun-
4(3H)-on
KaTO CUHTOH 33 XETEPOLUKIEHH CUCTEMH .......... 18
2-THOKCO-2,3-muxunporueno| 2,3-d nupumuana-4(1H)-
OHHU
CuHTe3a Ha, upe3 0a3udHa KaTaju3a U U30JIUpaHe
Ha MEeXJHHHU ChEIMHEHHS C U3IION3BaHE HA

MHUKPOBBITHOBO OOJTBUBAHE .....o.vvenveeeeneeaneeneenns 229
TokcuuHoCT

Ha HSAKOW Pa3TBOPHUTEIHN U CKCTPAreHTH KbM

kietku Ha Lactobacillus Casel............c.eevennen. 373
Topuil

W IMpKoHUH, ENHOBpeMEeHHO crieKTpooToMeT-

PHYHO OTpeJiesisiHe Ha CJIE/IN OT, Ype3 YacTHYCH

METOJI HA Hal-MaJIKUTE KBAJAPATH .......eeerveenee.. 235
Tpua3uHO[5,6-b [uHAONT

1 HHI0710[2,3-b|XMHOKCATMHOBY POU3BOIHU.

HoBwu miporieryps 3a CHHTE3 Ha.......c.coveueeneenee. 367
TPOMOOIHTH

YOBEIIKH, ATOMHO CHJIOBa MUKPOCKOIIUS 32 0Xa-

pakTepu3upaHe Ha, IPEAn U CIe B3aUMOICHCT-

BHE C OTPE/ICIICHN aHTUKOATYJIMPAIlH JIEKapCcTBa

............................................................................ 30
Yupasnenue

Ha [IPOM3BO/ICTBEHU KaMIIAHWH, OCUTYPSIBALIO

ONTHMAJIHO HATOBApPBaHE HAa EHEPrOCUCTEMHTE

pu paboTaTa Ha MHOTOLICJICBH 3aBOJIH............ 421
1-¢ennn-3-nupuamnasonosa 4act

[IpocTr 1 MOAXOAIIN IPOLIEAYPH 32 CHHTE3aTa

Ha HOBH XCTEPOLUKIHIHH CHETUHECHUS ChIbP-



DU3UKOXUMUYHO OXapaKTEpPU3UpaHe
V,05-ZrO, xaTanu3atop 3a CEIeKTUBHO OKHC-
JieHUe Ha O-Kcrtou Jo (ranoB anxuapui: I1... 322
Gbyuau3upan ciuoi
ouopeakrop ¢, buomeranuszanus Ha YepHa Jayra

Blttetittteeetee e et e e e e e e et e e e b e e enbeeeeteeeeaaeeetaeeenns 361
®dnyopecuenH

KaTo WHXUOHUTOP Ha KOPO3Us Ha BBIIIEPOIHA

CTOMAaHa BBB BOJHH KIAJCHIIM...........ccvveeennnn. 379
bocharuamxonH

M3mepBanust Ha ABOMHHU CIIOEBE OT, ChABPIKALII

mbeH30-18-KopoHeH-6 eTep Upe3 MMITeIaHCHA

CIIEKTPOCKOITHS «.vvevvveeereenreenereeseensveeseenssesnseens 175
dbochonumua

MMnenancHE XapakTepUCTUKA Ha JTUITHIHA MEM-

OpaHu 00pa3yBaHU OT CMEC Ha, M MAaCTHA KUCE-

B1070 5t T U UUUURUSUPRRRNt 191
ocdop,

CuHTe3a Ha MaKpOIMKITN ChIBPXKAIIN a30T, KUC-

JIOPOI, CHPA Flareeneeeereeiieneeenreesseenieesseenaeesnnens 252

(hOTOXUMUYHO pa3iarane
MexaHu3bM Ha, Ha Aua300arpuiia mo peakiys Ha
DeHTHH: BAUSHUE HA PA3TMYHU PEAKIIMOHHH
mapaMeTpH BbPXY KHHETHKATa Ha pa3narase... 390
(dhTaoB aHXHAPU
V,05-ZrO, katanu3aTop 3a CEJIEKTUBHO OKHCIIE-
Hue Ha o-kcunona 1o,: I. IlonyyaBane, katanu-
THYHA aKTUBHOCT M CEJICKTUBHOCT .................. 312
XeTepOHI/IKﬂeHI/I CUCTEMHU
5,6,7,8-Terpaxunpobenso[b]rueno|2,3-dnupu-
MUIUH-4(3H)-0H KaTo CHHTOH 3a......c..covevemeenne. 18
XCTEePOIUKINIHA ChEIHHECHUS
ChIbpxKaH 1-QeHnI-3-MupruanIa3oioBa 9acT.
IIpocTyu 1 MOAXOASAIIN MPOLEYPHU 32 CHHTE3aTa
137192 (0] ) ARU RS 247

446

XHUJIPA30HOBU POU3BOHU
Konpnenzanus Ha, ¢ aJiexuu noj JeicTBre Ha
Y0705 0100:5 ) 131 SRR 88
XupomMeTanypruuHo npepaboTBaHe
Ha aMOpTU3UpaHa OJIOBHA aKyMyJIaTOpHA IacTa

xpomarorpadcka eKCTpaKIus

¢ 00BpHaTa (a3a ¢ U3MOA3BAHE HA TCUCH AHHOHO-

oOmennuk. Paznensue Ha mananuii(Il) upes, ... 276
xXpomarorpadcko paszeinsHe

Ha MEJHU OT HUKEJIOBU HoHU. M3non3Bane Ha

HOBOCHHTE3HpPaHA XeTaTHAa HOHOOOMEHHA CMOJIa

HA OCHOBATA HA TYMA TYAP 32 ..ecvvenveneeenreaneennennns 22
[IUKIAYHA BOJITAMIIEPOMETPHS

W3cnenBane Ha mpolecuTe M MEXaHN3Ma Ha €JIeK-

TPOOTJIaraHe Ha MeJ] OT AMOHUEBOHUTPATCH EJICK-

TPOITUT C METOMA HA ..eovvvenveenereenreenerenereennesneenns 45
IIUHK

ompenersiHe Ha M1, KaJMUi, KOOalT, HUKE U,

CHHTE3 ¥ CIEKTPOPOTOMETPUIHHU U3CIICABAHUS HA

HSKOM OCH30THA30JIIIA30-0arpmuia —............... 384
IIUHK

[NoTeHIMOAMHAMUYHH U TATBAHOCTATHYHA H3CIIC -

BaHUS Ha OTJIaraHe Ha MeJ OT CyJ(aTHH eleK-

TPOJIUTH ChIBPIKAIIH FOJEMH KOJTUIECTBA ...... 335
UHUPKOHUN

u Topuii, ETHOBpeMeHHO creKTpo(OTOMETPHUIHO

ompeessiHe Ha CIIeIH OT, Ype3 YaCTHUCH METO/] Ha

HaN-MAJIKUTE KBAAPATH ..cvvvererrerererreennreeaeennnens 235
oy 6a3u

EduxacHa cuHTe3a B €IUH CBJI HA €CTEPH HA 0l

amuHO(poCc(hOopHATA KUCEIINHA C, C U3IIOJI3BAaHE Ha

HATPUEB €TOKCH]] KaTO KaTaau3aTop (peakis Ha

[TynmoBuK) u TAXHAaTa OMOJOTHMYHA aKTUBHOCT . 240



Bulgarian Chemical Communications, Volume 41, Number 4, 2009

CONTENTS
Professor Dimiter G. Elenkov — In memoriam ...........ooeiiiiiiiiiiiii e eae e 341
T. St. Petrova, Application of Bessel’s functions in the modelling of chemical engineering processes
(02 55074 I OO 343
Sk. M. Hossain, M. Das, Biomethanation of black liquor in fluidized-bed bioreactor ..................... 355
N. I. Abdel-Sayed, Novel routes to triazino[5,6-bJindole and indolo[2,3-b]quinoxaline derivatives ...... 362

N. Marinova, D. Yankov, Toxicity of some solvents and extractants towards Lactobacillus Casei cells 368
J. Sathiyabama, S. Rajendran, J. A. Selvi, J. Jeyasundari, Fluorescein as corrosion inhibitor for

carbon steel in Well Water .........o i 374
K. Shanthalakshmi, S. L. Belagali, Syntheses and spectrophotometric studies of some benzothi-
azolylazo dyes - determination of copper, zinc, cadmium, cobalt and nickel ...................... 380

L. G. Devi, K. S. A. Raju, K. E. Rajashekhar, S. G. Kumar, Degradation mechanism of diazo dyes by
photo-Fenton-like process: Influence of various reaction parameters on the degradation

KIIEEICS .ttt e e 385
Sv. M. Diankova, M. D. Doneva, Analysis of oxycellulose obtained by controlled oxidation with

4B 0= (A (T 11 391
B. Tsyntsarski, B. Petrova, T. Budinova, N. Petrov, A. Popova, Synthesis and characterization of

carbon foam by low pressure foaming process using H,SO, modified pitch as precursor ....... 397
N. F. Fidan, B. Izgi, Determination of antimony in gunshot residues (GSR) by electrothermal atomic

Y0101 01107 BE] 01T 1401111513 s /O 404
T. D. Venu, B. S. Sudha, S. Satish, S. Shashikanth, K. A. Raveesha, Synthesis and antibacterial activity

of new series of dihydrobenzofuranols .............ccooiiiiiiiiiiii e 409
B. B. Ivanov, K. I. Mintchev, Control of production campaigns with optimal loading of the power

systems during multipurpose and multiproduct batch chemical plants operation .................. 414

B. S. Kumar, M. V. N. Reddy, G. C. S. Reddy, A. B. Krishna, C. S. Reddy, Synthesis and antimicrobial
activity of 2,10-dichloro-6-substituted amino acid ester-12H-dibenzo[d,g][1,3,2]dioxaphos-

00 T3 88 T 34 a5 422
AUTNOT INACX .ot e 427
010111 53T 1) < 430

447



Bulgarian Chemical Communications, Volume 41, Number 4, 2009

CbABPXKAHUE

T. Cm. [lemposa, Ilpunoxenne Ha GeceneBuTe PyHKINN B MOACITHUPAHETO HA HH)KEHEPHO-XUMHYHU
TIPOIECH (D0B0D) vvvvierieurerirerierteatertertesseesseesstesseesssesseessaeseesseensesssesssessesssesssesnsesssesssesssesnsessses
Ck. M. Xocaun, M. Jlac, bnomeranuzaius Ha 4yepHa Jiyra B OHOpeakTop ¢ QPIyHAU3HPaH CIOH ............
H. 1. A60en-Catieo, HoBu mporieAypu 3a CHHTE3 Ha Tpua3suHo[5,6-b]uHmon n uam010[2,3-b]xuHOKCa-
JITHOBU TIPOMBBOIIHH ..uveenveeutteteenttenteesteeteeseenteenteenteesesasesaseemsesaeesasesstesatesseesueesatesbeesbeesueenseensees
H. A. Mapunosa, /]. C. Aukos, TOKCHYHOCT Ha HSKOU Pa3TBOPUTEIU U €KCTPATEHTH KbM KIETKU Ha
LaACIODACIIIUS CASOI ...ttt ettt ettt ettt st st e s bt e atenbeesbee
Iic. Camusbama, C. Paoocenopan, Jjoc. A. Censu, Jorc. Horcesacynoapu, GayopecrienH KaTo UHXU-
OUTOp Ha KOPO3Us HA BBIJIEPOAHA CTOMAHA BB BOIHH KIAMCHIIM ...uvenveereneereaneenieniesseeneeneennens
K. Hlaunmanaxwmu, C. JI. bearaeanu, CuaTe3 M CrieKTpo()OTOMETPUYHH U3CIIEABAHNS HA HIKOU OEH30-
THA30JINIIa30-0arpuia — ONpeeNsIHe Ha Me]], IMHK, KaIMHANA, KOOATT U HUKEI .......ccvcvereeenneennen.
JI. I. Jlesu, K. C. A. Paoocy, K. E. Paoocawexap, C. I'. Kymap, Mexann3zbMm Ha (HPOTOXMMUYIHO pasiia-
raHe Ha auazo0arpmia o peakius Ha OeHTHH: BIUSHAE Ha PA3IMNYHU PEaKIIMOHHU MapaMeTpu
BBPXY KHHETHKATA HA PABITATAHE ....ecuveeureenteereeteenteenteeaeeetesnseemseansesseesasesssesnsesnsesseesseessnesseesseesnes
Ce. M. /lanxoea, M. J[. Jlonesa, OxapakTepu3zupaHe Ha OKCHIIETYJIO3a MOIydIeHA CIe]] YaCTUIHO
OKHCIIEHUE C PABIUTHH PEATEHTH ...ceuveenveereerreenteenteenteeteenteeseenseeseesesnseensesssessesnsesseesnsesssessenane
b. Hunyapcku, b. Ilemposa, T. Byounosa, H. [lempos, A. [lonosa, M. Kacewuncka, C. Iy,
10O. Maiiescka, CuHTe3 1 0XapaKTepu3upaHe Ha BBIJICPOHA IIsTHA TIOCPEACTBOM ITIEHOOOpasy-
BaHE TPU HUCKO HAJSTaHE C U3IOJI3BAHETO Ha Nek Moauduimpad cke HSO,4 kato npexypcop
H. ®@. @Quoan, b. Hzeu, OnipenensiHe Ha aHTUMOH B OapyTHU OCTATHIM Ype3 eIEKTPOTEPMUYHA aTOMHO
A0COPOITMOHHA CIIEKTPOMETPHIS ....eeeuvveeereesereessreessreessseesssesssseesssesassssessessssssessssessssessseesssessssesssens
T. /. Beny, b. C. Cyoxa, C. Camuw, C. Illawurxanm, K. A. Pageewa, CHHTE3 1 aHTUMHUKPOOHA aKTUB-
HOCT Ha HOBU CEPUH TUXHUIPOOCH3OMYPAHOIM .....veerveerreerreenreenreeseesenseasenseassesssesssesssesssesssennns
b. Hsanos, K. Munues, YipaBiieHH€ Ha MPOU3BOACTBEHU KaMIIaHUH, OCUTYPSBAIIIO ONTUMAITHO
HaTOBapBaHe Ha EHEPrOCHUCTEMHUTE MPHU paboTaTa Ha MHOTOLEIEBH 3ABOMM «...ccveerveeveenreenveenne
b. C. Kymap, M. B. H. Peou, I'. Y. C. Peou, A. b. Kpuwmna, K. C. Pedu, Synthesis and acunte3 u
AHTUMUKPOOHA aKTHUBHOCT Ha 2,10-1ux10p-6-3aMecTeHH ¢ ecTepu Ha aMUHOKHCeTnHH- 12 H-
moen30[d,g][1,3,2 | THoKCaADOCHOTIH-0-OKCHIM ......cccvveerereeereeerreeerreessreesseesseessseesssesssseesssenans
ABTOPEH YKABATEIT ...uveeureeuteenttenteeteeteeteeateeteeateemteestesasesaseesteeatesateeatesmeeeasesaeeebeesatesbeesmeeebeesatesaeesueenseeeanes
TIPEIIMETEH YKABATEIT ...ceuveeveeeueeeuieeuieeteeteesutesteesetesnteestesseesseesseesaeesssesseesseesseesssesseesseeseesseesseesseesnsenseenseens

448

367

373

379

384

390

396

403

408

413

421

426

436
440





