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ADVANCED CORROSION MONITORING TECHNOLOGIES IN
PETROCHEMICAL INDUSTRY

F.S.Ismailov
«OilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan

Abstract

Corrosion is one of the most pressing problems in the oil industry today. An effective
method for assessing the corrosion state of equipment is corrosion monitoring - a
system for observing and predicting the corrosion state of an object in order to

Keywords:
Corrosion;
Monitoring;

Fiber optic system.

obtain timely information about its possible corrosion failures. The article provides

an overview of modern advanced technologies for corrosion monitoring of oilfield

equipment and subsea pipelines.

Introduction

The main task of ensuring the integrity of oil
field pipelines is to prevent accidents during
the exploitation of the oil field. To reduce their
influence, various anti-corrosion measures are
being developed and implemented. If these
measures are correctly designed and regularly
implemented, then their effectiveness will be
expressed in trouble-free operation. In order
to predict the effectiveness of anti-corrosion
measures before the first accidents are recorded,
more prompt measures are needed to assess their
current effectiveness. One of the fundamentally
possible options for such an assessment is a
regular diagnostic inspection of pipelines.

The need for corrosion monitoring and its
place in an overall pipeline integrity management
strategy is illustrated in figure 1.

Corrosion monitoring has four main purposes:

* ensuring the safe operation of systems;

* optimization of the maintenance program;

e assessment of the effect on corrosion of

possible changes in operating conditions;

* optimization of anti-corrosion measures.

The monitored parameters for corrosion
monitoring can be divided into direct and
indirect. Direct parameters are the corrosion rate
of samples and sensors and the corrosion rate of
the pipeline. And indirect parameters include:

* Pressure and temperature;

* DPipeline performance;

e  Composition of products;

* Velocity and hydrodynamic flow regime

E-mail: fismailov@socar.az

CO,, H,S, O,, Fe,";

Residual inhibitor content;

Content of mechanical impurities;
Technological operations carried out related
to well workovers, acid treatments, etc.

The structural unit of the corrosion monitoring
system is the corrosion control unit (CCU). The
choice of the correct location of the CCU is a
responsible operation, the correctness of which,
to a very high degree, depends on the adequacy
of the results of monitoring and the effectiveness
of anti-corrosion measures. At this point, the
corrosion rate of sensors and surveillance
samples, chemical composition and technological
parameters are monitored.

The sequence of selection of the place of
control is determined using mathematical
modeling. Mathematical modeling is carried out
on the basis of passport data of objects, data
on accidents and diagnostics. Areas with the
maximum corrosion rate are determined. At least
one control unit is installed in a critical section
with an increased corrosion rate.

Corrosion monitoring can be viewed as a
scheme that includes the following elements:
design, operation, management.

The main design goalis to develop amonitoring
system that best suits the set goals. The design of
a corrosion monitoring system is carried out in
several stages according to the sequence below.

* selection of monitoring parameters;

* selection of the monitoring site;

* choice of measurement technique, design

and sensitivity of the measuring device;

* determination of requirements for

© 2021 CCC. All Rights Reserved. MON
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Assessment of risk
factors

measures

Anti-corrosion

Monitoring

Fig.1. Correlation between elements of integrity management strategy

the frequency of collection and use of
information (data);

* development of a detailed corrosion
monitoring scheme;

® cost estimation during operation of the
monitoring system;

* drawing up regulations.

Corrosion monitoring regulations
Practically at this stage of designing a
corrosion monitoring system, a sufficient amount
of information is collected in order to form
a «Regulation for corrosion monitoring of a
pipeline system». The corrosion monitoring
regulation is a mandatory document. It should
contain the following sections:
¢ Technological  configuration
parameters of the pipeline system;
* Hydrodynamic and corrosion calculations.
e Statistical data on accidents and diagnostic
survey data;
* Requirements for inhibitor protection
- technology, injection sites, level of
corrosion inhibitor availability;
* Determination of the purpose and key
parameters of monitoring;

and

e Identification of hazardous areas -
corrosion monitoring sites;
e Choice of measurement methods,

performance and sensitivity of instruments.

o Certification of the monitoring system;

* Determining  the frequency of
measurements and scheduling the
execution of operations;

e Establishment of a list of indicators to
manage the monitoring process.

Corrosion monitoring methods
The variety of factors affecting the development
of corrosion does not allow counting on the

existence of a single universal method, using
which it is possible to predict the integrity of the
pipeline and / or evaluate the effectiveness of the
measures being taken. All methods of monitoring
form four main groups:

1. Diagnostic - determination of corrosive

wear of the pipeline metal using
generally accepted methods of diagnostic
examinations;

2. Methods for measuring the corrosion rate
of carbon steels and its changes over time,
based on the readings of sensors placed in
a medium moving through a pipeline;

3. Assessment of technological and
physicochemical parameters of the
environment, characterizing its
corrosiveness, and changes in these

characteristics over time;

4. Analysis of equipment failure statistics in
order to identify areas with the maximum
risk of accidents and the most significant
factors affecting the accident rate of
pipelines.

For the effectiveness of the monitoring
program, it is necessary that the data obtained
by the methods of all the listed groups be
readily available for joint analysis. This is
achieved by access to all databases containing
the required information and the availability of
a suitable software product that provides reliable
correlation analysis. For the effectiveness of the
monitoring program, it is necessary that the data
obtained by the methods of all the listed groups
be readily available for joint analysis. This is
achieved by access to all databases containing
the required information and the availability of
a suitable software product that provides reliable
correlation analysis.

Novadays, there are a number of methods
that make it possible to assess the intensity and

© 2021 CCC. All Rights Reserved. MON
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determine the nature of corrosion damage:

e Testing coupon for corrosion;
Electrical resistance sensors;
Resistance to linear polarization;
Galvanic monitoring;

Biological monitoring;

Ultrasonic thickness control;
Potential for corrosion;

Monitoring of hydrogen penetration;
Chemical analysis.

In practice, the most widespread are the
gravimetric method and ultrasonic thickness
control.

The most widely used and quite effective
method of corrosion monitoring is the use of
gravimetric corrosion coupons. It is the simplest
and most advanced form of corrosion monitoring
that can be applied to all media (eg gases,
liquids and slurries). A coupon is a sample
that matches the material of the equipment
to be monitored. Coupons are placed in the
technological environment and removed after
some time (for example, weeks or months) (fig.2).
It then analyzes: 1) the amount of mass lost, 2) the
type of corrosion, and 3) corrosion rate.

This corrosion control method has several
disadvantages:

* Indirect measurement. Corrosion of
equipment is determined by indirect
parameters;

* The intrusive nature of these coupons
means that they cannot be installed during
normal operation as they require special
mounting flanges that must be drilled and
welded to the pipeline;

* The intrusive probe creates a disturbance
in the fluid flow that can potentially cause
corrosion further down the process flow.

Ultrasonic control

The ultrasonic method is based on measuring
the transit time of an ultrasonic wave in a solid.
The ultrasonic method has been used for 50
years and is characterized by high measurement
accuracy and can be used to detect corrosion
damage located on the inner surface of the pipe
wall. The ultrasonic method is widely used to
control the thickness of equipment and piping
systems in refineries. Ultrasound penetrates deep
into the material and detects defects or metal losses
associated with corrosion or erosion. Ultrasonic
inspection can be carried out both pointwise
and cover large areas, which is possible due to
devices of various degrees of mechanization. The
most common ultrasonic testing devices used to
detect corrosion damage to metal are ultrasonic
thickness gauges and flaw detectors.

In addition, being relatively simple, portable
ultrasound techniques have the following
disadvantages:

* Repeatability and reproducibility errors:
successive measurements are unlikely to be
carried out at a fixed location by the same
supervisor using the same instrument;

* Susceptibility to roughness of the inner
surface of the metal: with local pitting
corrosion, the use of ultrasonic technology
is limited, since minor defects on the
inner surface of the metal will scatter the
ultrasound and create distortion in the
reflected wave. This can manifest itself in
a clear increase in the measurements of
the thickness of the metal wall compared
to earlier data, which, of course, is
impossible. Pay attention to the human
factor, the inspector will try to smooth out
the measurement result by slightly moving
the probe to one side or the other until a

Fig.2. Installation of gravimetric corrosion coupons
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«normal» reading is obtained (ie equal to
or less than the previous reading). This
limitation of ultrasonic testing can lead
to the loss of very valuable information
about the beginning of changes in the
roughness of the inner surface, indicating
the presence of corrosive activity;

® Personal injury and equipment breakdown
at high temperatures: Temperatures above
100 ° C can permanently damage the
electronics of the transmitter. In addition,
it is dangerous for personnel to work in
close proximity to hot metal structures,
even with protective equipment;

® Physical access to the measuring site:
the inspector must have access to the
equipment at the required measuring
points, therefore scaffolding (possibly
permanently installed) and insulation
dismantling are necessary to provide
access to the surface of the metal structure
for manual measurements, with associated
costs and energy losses.

Advanced corrosion and erosion monitoring
technology for more informed decisions. Current
approaches to continuous corrosion monitoring
are aimed at overcoming the disadvantages of
intrusive probes and portable ultrasonic testing.
These methods fall into two main categories:
point monitoring and monitoring of zones.

Emerson offers complete solutions for
continuous corrosion and erosion monitoring
using wireless sensors that do not require tapping
into the pipeline. These are stationary monitoring
systems that are capable of operating in extreme
environmental conditions in hard-to-reach areas.
Thanks to continuous monitoring, information
about the thickness of the pipeline walls is
automatically transmitted to the operator’s
computer and allows you to quickly monitor the
stages of corrosion and take corrective measures
in a timely manner. Reliable and accurate wall
thickness data provided by the monitoring system
allows decisions to be made when equipment and
piping needs to be maintained and replaced.
Measured data can also be used for chemical
engineering corrosion protection. The software
for viewing and managing data is an integral
part of the monitoring system, which shows the
current measurements of the sensors, calculates
the corrosion rate, predicts the achievement of
rejection wall thickness, and provides diagnostic
data on the operation of the system.Emerson
WirelessHART System benefits are:

* Wireless system: data enters the computer

without expensive cables;

* Easy setup: the sensors automatically find
the optimal communication channel and
adapt to it;

* Maintenance-free: the network recovers

and finds new communication channels in
the event of any interruption;

e Comprehensive solution: high quality
communication and continuous data
monitoring.

The data from the sensors are transmitted
via the Wireless HART wireless protocol to
the database, which processes the signals and
receives the final measurement result - the wall
thickness of the object at the selected point. The
WT series sensors use waveguide technology to
provide continuous operation up to 600 °C. The
ET series sensors measure wall thickness even
through the paintwork. They are magnetically
attached, making them quick and easy to install
on the line. Dedicated battery packs are designed
to power the sensors, reducing installation costs
and eliminating the need for cabling. The sensors
can be installed in large numbers in the most
remote locations. Sensors and battery packs
are certified for use in hazardous areas. Once
installed, the sensors automatically organize a
wireless network through which data from the
sensors are transmitted to the gateway along
the most reliable route. The gateway transmits
data to the server where the Data Manager
software is installed, which allows the operator
to comprehensively assess the overall corrosion
level of the installation and conduct a more
detailed analysis at specific points. In addition,
data from the database can be transferred to any
application used by the customer (fig.3).

Performance characteristics:

* Determination of metal loss: about 10
microns;

¢ Time for updating readings: standard - 1
time per 12 hours, user-configurable - up
to 1 time per hour;

e Battery life: 9 years under standard
operating conditions;

* Surface temperature of pipelines: up to
600 °C;

* Minimum wall thickness: 3 mm.

Advanced technologies for monitoring the
technical condition, maintenance and repair of
subsea pipelines

Monitoring of the technical condition,
maintenance and repair of subsea pipelines (SP)
are carried out in order to prevent accidents and
failures, predict their technical condition, plan
repairs and manage their implementation based
on the actual technical condition, substantiate
a decision on the possibility and conditions of
further operation of the SP. In order to monitor
the technical condition, maintenance and repair
of the SP, a set of methods should be used to
obtain the necessary and sufficient information,
after processing which, reliable parameters of the
SP technical condition can be obtained.
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Fig.3. The operating principle of the system WirelessHART®

The choice of methods for monitoring the
technical condition, maintenance and repair of
fuel tanks is determined by design solutions (the
presence of launch-receiving units for in-line
shells, the radius of curvature of the bends,
changes in the diameter of the underwater
pipeline, the type of laying, service life, climatic
conditions, the availability of measuring
instruments, transport capabilities). Monitoring
of the technical condition of the Sp can be carried
out using a fiber-optic monitoring system (fig.4).

Fiber optic monitoring system includes:

* continuous monitoring of the integrity
of the PT, which allows registering local
defects with an accuracy of 1 m, using a
special fiber-optic cable installed on the
pipeline;

detection of leaks caused by various
reasons, for example, deformation of the
pipeline, corrosion or metal fatigue using
a temperature sensor cable laid in the
ground next to the pipeline;

geotechnical monitoring to detect ground
movements using a special fiber-optic cable
laid in the ground next to the pipeline;
registration of unauthorized access to the
PT, using the analyzer, which is located
together with the sensor cable laid in the
ground;

monitoring the technical condition of
submarine cables using a fiber-optic
sensor cable integrated into the structure
of the submarine cable.

Fig.4. Fiber optic monitoring system
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FSM technology

FSM technology is based on the use of a non-
intrusive corrosion monitoring tool, which is a
geometric matrix consisting of sensitive pins (3
mm diameter each), which are permanently fixed
to the outer wall of the pipe by means of capacitor
welding. Due to the low heat input and the very
small area of the fusion zone, which are provided
by turned welding, the metallurgical change in
the pipe material is negligible and there is no
need for any subsequent heat treatment and
stress relief. The matrix cables are summarized
in the Sensing Matrix Interface (SMI), which is
the interface between the matrix and the FSMlog
measurement tool.

The monitoring matrix usually consists of 28
to 386 pins of sensing pins (electrodes). The pins
are attached to the outer wall of the pipe together
with the conductive cables, temperature sensors
and a reference disc.

All of this hardware is connected via a Sensing
Matrix Interface (FSMlog) using a set of cables
with a junction box mounted in an easy-to-reach
location.

The non-intrusive FSM method should be
considered as a structural component of the
assessment of corrosion mechanisms and the
effectiveness of countermeasures.

This corrosion monitoring method is capable
of measuring and indicating the presence of
processes that are consistently correlated with
corrosion at the monitoring site. The non-intrusive
method is able to react to reflect the putative
mechanisms and morphology of corrosion, for
example, to indicate the presence of general or
localized corrosion, and is also able to respond
in concert with changes in conditions at the
monitoring sites, for example, to take into account
the interference caused by liquid hydrocarbons,
fluctuations in the electrolyte level, presence of
solid deposits, countermeasures applied, etc. FSM
matrices should be located in locations where the
readings of these devices or the results of their
corrosion measurements can be extrapolated to
other locations with minimal error.

Data is transmitted on-line, transmission
medium via Ethernet and GSM, as well as via
satellite communication.

Corrosion monitoring in oil refining
processes

Technological processes for atmospheric and
vacuum distillation of oil

Combating corrosion in atmospheric and
vacuum distillation plants is critical to unleashing
the full potential of a refinery. Due to significant
changes in the operating temperature and
process fluid used in this device, different forms
of corrosion are observed in different parts of
the equipment. Particular attention should be

paid to naphthenic acid (localized corrosion)
and hydrogen sulfide corrosion occurring in
equipment operating at high temperatures. The
materials of construction in this equipment affect
the efficient operation of the plant. Corrosion is
usually a problem in the process, but the risk
is especially high during vacuum distillation,
when corrosive aggressive components are often
concentrated in the hot stream of atmospheric
distillate residues fed to the plant. Another
area of concern is the suspension system of
an atmospheric distillation plant, where steam
condenses and condensation corrosion occurs due
to the formation of hydrochloric acid. (separation
of fractions from the top of the rectification
column).

Complex problems related to corrosion

Numerous factors contributing to

development of corrosion:

e This is the first unit to receive hot crude oil;

¢ The atmospheric vacuum distillation
unit supplies all other plant units with
feedstock: any breakdown or shutdown
will affect the operational readiness of the
refinery as a whole;

* Increase in chloride content due to
inadequate desalination (especially
strongly affecting suspension systems);

* Frequent changes in the technological
process, for example, to adjust the ratio of
the resulting fractions;

e Increased sulfur content in crude oil;

® Increase in the total acid number due to
changes in the feed mixture of crude oils;

the

¢ Concentration of «problematic»
components during the technological
process.

Problems in the implementation of a set of
measures to protect against corrosion:

¢ Inadequate protection means corrosion
will not be controlled;

* Opverprotection can cause technological
problems;

e Lack of proper monitoring of operators’
corrosion protection strategy.

Measurement of corrosion parameters in real
time

Emerson offers a wide range of corrosion
protection products for the refining industry.
Real-time corrosion measurement helps to better
understand atmospheric and vacuum processes,
which are critical to maximizing refinery
performance. PERMASENSE ultrasonic wall
thickness gauges monitor device integrity and
measure actual metal loss, while Roxar built-
in gauge gauges measure process corrosivity.
This means that the risks of corrosion and the
impact of this risk on the device itself can be
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measured and controlled. Combined with Roxar
FSM technology, which detects generalized or
localized corrosion in specific risk areas, these
solutions provide a complete picture of the
corrosion hazard in an existing facility. Analytical
data visualization tools help to further embed
this information.

Optimization of control and protection
against corrosion

Testing and optimizing your corrosion
protection strategy is key to maintaining plant
availability and productivity. When chemical
protection techniques are used to prevent
corrosion, real-time monitoring of corrosion
mitigation performance allows cost control while
adapting to the ever-changing and increasingly
aggressive crude oil mixtures used as feedstocks.
A balanced view of process corrosiveness and
wall thickness changes is always helpful: you
simply want to monitor the protection efficiency
of heat exchangers equipped with a corrosion
inhibitor, or you are trying to optimize a
protection program with an expensive maximum.
- inhibitor of thermal corrosion in the presence of
naphthenic acid.

Corrosion control in alkylation plants
Itis very important to monitor the development
of corrosion during the alkylation process in real

time, since aggressive acids such as fluoride and
sulfate are used as catalysts, and in this case,
uncontrolled processes can pose a serious threat.

Alkylation is one of the most important
processes in modern oil refining. This allows
alkylates to be produced by recycling light
hydrocarbons from FCC waste, which can then
be blended with fuel to produce a higher octane
product. This increases the productivity and
profitability of the plant. Maintaining the target
acid concentration is important both from a
safety and economic point of view. If the acid
concentration falls too low, there is a risk of an
uncontrolled situation - the reactions become
unstable, the acid consumption increases rapidly,
the corrosion rate increases significantly, and
the process equipment can be idle. Alkylates are
necessary because they do not contain benzene,
other aromatic hydrocarbons or olefins and
are practically free of sulfur, that is, they are
extremely pure fuel additives. Real-time corrosion
monitoring allows you to identify an uncontrolled
situation with a decrease in acid concentration
and obtain the necessary information about the
processes taking place inside the alkylation unit.
Roxar CorrLog Ultrasonic Wall Thickness and
Corrosion Sensors provide real-time insight into
the actual condition of the most critical parts of
alkylation devices. This increases the productivity
and profitability of the alkylation plant.

Conclusion:

1. Market conditions are forcing refineries to look for new ways to increase profits, for
example, refining more aggressive grades of oil, the so-called «profitable grades».
This increases the risk of equipment failure due to the effects of corrosion.

2. The proliferation of oil with a high total acid number leads to a choice between
increasing the corrosion resistance of plant materials and additional inhibition with
good corrosion monitoring. When the budget is limited, the choice falls on chemical
inhibition and stricter monitoring. The payback time for the implementation of the
inhibition / extended monitoring strategy is about 2 months, assuming the use of a
monitoring system of 100 sensors.

3. Intrusive corrosion monitoring probes have the required sensitivity and response
speed. However, they are difficult to install and maintain, and pose a high safety
risk for the service personnel. Immersion probes use a single point measurement
that determines the effect of the corrosiveness of the process fluid on the walls
of the equipment. Portable ultrasonic testing methods do not provide repeatable
measurements due to variable conditions and human factors. Here, as in all ultrasonic
technologies, the received signal can be confused with scattering effects caused by
local roughness of the inner surface. Zone monitoring methods do not provide the
desired granularity and ease of data interpretation to be used to control naphthenic
acid corrosion.

4. State-of-the-art multi-point mount technology provides high temperature resistance,
local accuracy and critical area coverage, making it an ideal corrosion monitoring
solution. Patented adaptive cross-correlation ultrasonic signal processing enables
the onset of localized roughness and pitting to be detected with confidence, solving
the ultrasound scattering problems that are insurmountable with all other ultrasonic
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techniques. The latest generation of sensors are capable of providing an accuracy
equivalent to «highly sensitive» intrusive probes, using temperature compensation,
and allowing short-term corrosion rate changes to be measured with confidence, but
without the added safety risks of maintenance personnel.

5. Installed in more than 200 sites around the world for more than 10 years, Permasense
continuous corrosion and erosion monitoring systems have provided more than
26 million real-time measurements to make informed decisions to optimize and
improve process safety.

6. Online monitoring of the technical condition of subsea pipelines is mainly carried
out using a fiber-optic monitoring system and a remote corrosion monitoring system.

7. The main types of work during maintenance of subsea pipelines, as a rule, include
external inspection, cleaning, measurement of the cathodic potential, thickness
measurement, in-line diagnostics, etc. The frequency of these types of work is
different. The main equipment performed during maintenance operations is
remotely controlled underwater vehicles. Separately, it should be noted that the main
scope of work in the maintenance of subsea pipelines is in-line diagnostics using
multifunctional in-line inspection devices.

8. For the repair of subsea pipelines, methods of local reinforcement, replacement of a
defective section, replacement of a defective section of a pipeline without stopping
the flow by means of tapping under pressure, repair with compression composite
couplings, etc. can be used, which allow to reliably eliminate most defects in the base
metal and welded joints of the pipeline.
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HepeAOBbIe TeXHOA0TUM MOHUTOPMHIA KOPPO3UN
B HE(I)TeXI/[MI/I‘IeCKOﬁ IIPOMBIINIIA1€HHOCTHI

@D.C.Ucmauros
HUIIN «Hedreras», SOCAR, baxy, Asep0barigxan

Pedepar

Ha ceroansamHmit 4eHb KOPpO3Ms - O4Ha M3 CaMBIX OCTPBIX IIpoOaeM HedpTelo-
OnIBalomer MpoOMbBIIAeHHOCTU. DPPeKTUBHBIM CIIOCOOOM OLIEHKU KOPPO3MOHHOIO
COCTOAHUS 000PYAOBaHMUS ABASETCA KOPPO3MOHHBIN MOHUTOPUHI — CUCTeMa HabAIo-
AEHMIT ¥ IIPOTHO3MPOBAaHN KOPPO3MOHHOTO COCTOSIHIS OOBeKTa C I1eAbI0 ITOAYIeHs
CBOEBpEMEHHON MH(pOPMaLUM O ero BO3MOXKHBIX KOPPO3MOHHBIX OTKa3aX. B craTbe
IIpeAcTaB/AeH 0030p COBPEMEHHBIX IIepeJOBLIX TEXHOAOTUII MOHUTOPMHIA KOPPO3UU
HeTeIPOMBICA0BOTO OOOPYAOBaHNUS U ITOABOAHBIX TPYOOIIPOBOAOB.

Katouesvte cr06a: Kopposus; MOHUTOPUHI; BOAOKOHHO-ONTUYECKAs CUCTeMa.

Neftkimya sanayesinda qabaqcil korroziya
monitorinq texnologiyalar1

E.S.ismayzlov
«Neftqazelmitodqiqatlayiha» Institutu, SOCAR, Baki, Azarbaycan

Xiilasa

Korroziyabu gilin neft sonayesinin an aktual problemlorinden biridir. Avadanliqlarin
korroziya veziyyetini giymsetlondirmayin tesirli bir yolu, korroziya monitoringi
- korroziyaya ugramasi barode vaxtinda melumat oalde etmok {i¢lin bir obyektin
korroziya voeziyyetini miisahide etmak vo prognozlasdirmaq fi¢lin bir sistemdir.
Mogqalads neft moaden avadanliqlarinin ve sualti boru kemorlerinin korroziya
monitoringi {i¢lin miiasir qabaqcil texnologiyalarin iimumi icmali verilir.

Acar sézlar: korroziya; monitoring; fiber optik system.
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YENI PIRIMIDIN NUVOLI HETEROPOLIAROMATIK BIRLOSMONIN
SINTEZI VO BiOSIiD XASSOLORININ TOYINi

F.Q.Valiyev
«Neftqazelmitadgigatlayiha» Insitutu, SOCAR, Azarbaycan

Synthesis and Antibacterial Evaluation of Pyrimidine Containing

Heteropolyaromatic Compound
FE.G.Valiyev

«OilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan

Abstract

A new polynuclear heterocyclic compound, 14H-1,7,8,14a-Tetraaza-benzo [«] tetracene-
14-0l, was synthesized for the first time by intramolecular cyclization in an acidic
medium of compounds containing an aldehyde group in one of the aromatic nuclei
bound by the NH group and the N atom in a different. The composition and structure
of the obtained substances were confirmed by the data of elemental analysis, Hl NMR,
El-mass spectroscopy and X-ray structural analysis of single crystals. The bactericidal

Keywords:

Polynuclear heterocyclic
compounds;

NMR;

Sulfate-reducing bacteria;

action of the synthesized pyrimidine derivative against microbiological corrosion was
studied. At the optimum concentration of the reagent, the bactericidal effect of 98-99%

was determined against aggressive sulfate-reducing bacteria.

Giris

Neft ve qazin ¢ixarilmasi, emali ve naqli zamani
boru kemarleri ve olagsli infrastrukturlarin
moaruz qaldigr miirakkeblogsmlorden  biri
korroziyatoradici mikroorqanizmlarin tasiri bas
veran mikrobioloji korroziya problemidir [1-3].
Conlarde bas veran sizmalar, avadanliq ve boru
kemorlarinin siradan ¢ixamasi ve s. mikrobioloji
korroziya sebobinden senayenin iizlasdiyi asas
problemlardan biridir. Neft quyularinin siradan
¢ixmasit hallarinin 75%-i vo boru kemorlorinin
borudaxili korroziyasinin 50%-i mikrobioloji
korroziya naticesinde bas verir [4]. Bu baximdan
mikroorqanizmlerin metala korroziv tosir
mexanizminin arasdirilmasi ve effektiv miibariza
tsullarinin  islenilmesi miithiim tedqiqat
sahalorinden biridir.

Madan avadanliglarinin ve boru kemarloerinin
korroziya itkilarinin saviyyasinin azaldilmas:
liclin an genis totbiq olunan {isul inhibitor
bakterisidlordon istifade olunmasidir [5-6]. Bu
mogqsadle hal-hazirda tetbiq olunan g¢ox sayda
reagentin olmasina baxmayaraq is¢i miihitlerin
korroziyaaqressivlikloriarasindakiforqvaistismar
soraitindaki dayisikliklar korroziya prosesini
yavaslatmaqla yanasi, hoam de avadanliglarin
korroziya-mexaniki zadeslanmalarden effektiv

E-mail: famil.valiyev@socar.az

Corrosion;
Inhibitor-bactericide
qoruyan, sulfatreduksiyaedici bakteriyalara

(SRB)ve digar bakteriya populyasiyalarinin
artimmin azalmasini temin edan yeni inhibitor
bakterisidlorin islonmasi vo secilmasina daim
yeni talablar qoyur.

Hazirda neft ve qaz hasilatinda istifads olunan
inhibitorlarin osas hissoesi, sorbost elektron
ciitliine malik olan azot atomlarmmin miixtalif
uzunluqda alifatik radikallarla birlason uzun
karbohidrogen zoncirlori olan {izvi azot tarkibli
birlasmoalardir (adaton C,;-C,) [7]. Terkibinda
azot atomlar1 olan ¢oxlu sayda effektiv korroziya
inhibitorlar1 malumdur ki, onlardan torkibindo
pirimidin niivesi olan heteroiizvi birlosmolar
mithiim maraq kesb edir [8].

Toqdim olunan moaqalade NH qrupu vasitesi
ilo birlesmis aromatik niivelarin birinds «-
voaziyyetde aldehid qrupu digerinds iso N atomu
olan birlesmoalorin turs miihitde molekuldaxili
tsikllasma reaksiyasindan terkibinde pirimidin
niivesi vo OH qrupu saxlayan yeni sinif coxniiveli
heterotsiklik birlosmoalorin alinmsit ve onlarin
bakterisidlik xassalarinin tayininin naticalari aks
olunmusdur.

Sintez iisulu vo naticalorin miizakirasi

Coxniuvoali qosulmus aromatik
karbohidrogenlorde bezi karbon atomlarini
N(azot) atomlar1 ila avez etmoakls onlarin
hallolma qabiliyyatini ve davamliligini artiran
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yeni aromatik halqali c¢oxniivali heterotsiklik
birlosmonin - 14H-1,7,8,14a-Tetraaza-benzo[a]
tetrasen-14-olun alinma metodu iglonilmis vo
yiiksok ¢iximla sintezi hoyata kegirilmisdir.
Asagida 14H-1,7,8,14a-Tetraaza-benzo[«a]
tetrasen -14-olun alinma sxemi verilmisdir (1).
Toz halina salinmis 1,6-Diaminopiridinle
1,1,3,3-tetrametoksipropanin 1:1 mol nisbatinde
qarisigr 80 %- li H,PO4 —da hoall ediloerak 90 °C
temperaturda 6 saat qarigdirilir. Reaksiya qarisig:
soyudularaq NH,OH moahlulu il neytrallasdirilir
vo CHCI,-Io ekstraksiya olunaraq 50% c¢iximla
2-amin, 1,8- nafsiridin alinir [9]. 2-amin, 1,8-

®)

L

nafsiridinin alinma reaksiyasimnin tenliyi (2)
kimidir.

Alman maddenin qurulusu niive maqnit
rezonanst H' NMR spektri (3) kimidir.

2-amin 1,8- nafsiridinle 2-Xlorxinolin
3-karboaldehidin kondenslasma reaksiyasindan
avval 2-Xlorxinolin 3-karboaldehidds aldehid
qrupu etienglikol vasitasi ilo miihafize olunmus
sonra isa Palladium-kompleksi katalizatorunun
va NaNH2 istirak: ila toluol miihitinds 3 giin
gaynadilaraq 70% c¢iximla N-(3-(1,3-dioxolan-
2-il)quinolin-2-il)-1,8- nafsiridin -2-amin (6)
birlesmasi alinir (4).
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Sintez olunmus N-(3-(1,3-dioxolan-2-il)
quinolin-2-il)-1,8- nafsiridin -2-aminin H1 NMR
Spektri (5) kimidir.

Amin birleasmasinin (6) aromatiklogsma
prosesi CH,COOH miihitinde H,5O,—iin katalitik
istirakinda 100 °C-da 1 saat aparilir ve 90%
cximla 14H-1,7,8,14a-Tetraaza-benzo[a] tetrasen
-14-ol alinmigdir. Belalikls, miioyyon olunmusdur
ki, NH qrupu vasitesi il birlogmis aromatik
niivelerin birinde a-veziyystde aldehid qrupu
digorinde ise N atomu olan birlosmalorin turs

|
@)

J

i

miihitde molekuldaxili tsikllosma reaksiyasindan
torkibinds pirimidin niivesi ve OH qrupu
saxlayan yeni sinif coxniivali heterotsiklik
birlesmalar amsalas galir.

14H-1,7,8,14a-Tetraaza-benzo[a] tetrasen -14-
olun tarkibi ve qurulusu element analizi, H' NMR,
El-kiitlo spektroskopik vo X-Ray monokristal
qurulus analizleri vasitasi ils tasdiq olunmusgdur.
14H-1,7,8,14a-Tetraaza-benzo[a] tetrasen -14-
olun H1 NMR spektri (7) kimidir.
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14H-1,7,8,14a-Tetraaza-benzo[a] tetrasen -14-
olun(l) monokristallarin1 xloroformda yavas
kristallasdirmaqgla alinmisdir. Monokristalin
X-Ray qurulus analizi zaman1 miiayyen olmusdur
ki, molekul miistavi qurulusa malikdir ve bir-biri
ilo tiz-lize kristallasir ki, laylar aras:1 moasafo 3.225
A-5 borabardir ve molekulun kristal qurulusu
(8) kimidir.

(8)

Reagentin bakterisidlik tosirinin
qiymoatlondirilmasi
Sonraki tedqiqatlar sintez olunmus

birlosmenin SRB qars1 bakterisidlik tasirinin
giymatlondirilmasine hasr olunmusdur. Sintez
olunmug madda tizvihalledicilords yaxsihallolma
qabiliyyastine malikdir. Bakterisid kimi reagentin
metanolda mahlulundan istifads olunmusdur.

Reagentin bakterisidlik tosirinin
giymsatlondirilmesi P4 39-3-973-83 «Metoanka
KOHTPOASI MUKPOOMOAOINYIECKON 3apaskeHHOCTU
He(pTeIIPOMBICAOBBIX BOA U OLIeHKa 3alUTHOIO U
OaKkTepUIMAHOTO AelicTBIs peareHTOB» vo NACE
TMO0194-2014 (Field Monitoring of Bacterial
Growth in Oil and Gas Systems) senadlerine
asason aparilmisdir.

Laboratoriya seraitinde plankton bakteriyalar

tizerinde bakterisidlik xiisusiyyatinin tayini
asagidaki sxem tizro aparilir:

Ovvalca is¢i mahlul hazirlanilir. Bunun tgiin
100 ml-lik kolba goétiiriiliir. Bu kolbaya 100 ml
distille suyu tokiib tizaerine 1 q tedqiq edilen
reagent olave edilir. Reagent distills suyunda
tam hall edilir. Daha sonra miixtslif qatiliqh
moahlullar hazirlanilir. Bunun {igiin kolbalarin har
biri 100 ml madan suyu ile doldurulur. Kolbalarin
tizerine miivafiq qatiliqlar1 qeyd edilir ve har
qatiliga uygun olaraq is¢i moahlul slave edilir.
Standarta uygun olaraq hazirlanmis Postgeyt
gida miihitinde durulasdirma metodu vasitasi
ilo okin aparilaraq miiqayise yolu ilo reagentin
bakterisidlik xassasi Oyranilir. Bakteriyalara
nazarst 28 giin miiddstinda olur. Tedqiq edilan
niimunads SRB-lorin olmasi: qabin dibinds tiind
rongli ¢okiintiiniin amoals galmoasinden, hidrogen
sulfidin iyinin hiss olunmasindan ve SRB-lorin
canli formasinin olmasindan miisyyean edilmigdir.

Bakteriya hiiceyrolarinin miqdari, hamginin,
asagidaki diistur {izro de hesablanir:

n-1
Mo 10
14
Burada:
M-tadqgiqolunansudabakteriyahiiceyralarinin
miqdari;

10 - durulasma omsali;

n - bakteriya artimi qeyd olunan sonuncu siise
gabin sira némrasi ;

V - okin figlin gotlriillmiis todqiq olunan
suyun miqdari, ml.

Bakteriyalarin mahv olma daracesi
asagidaki diistur ilo hesablanir:

Z= Mmo% -100
g,

iso

Burada:

n, - reagentsiz kontrol miihitde inkisaf edon
bakteriyalarin migdar1 (hiic/ml);

n,,, - reagentli mithitde bakteriyalarin miqdari
(hiic/ml);

Z - bakterisidlik daracasi.

Reagentin bakterisid xiisusiyyatlarinin tadqiqi
naticesinde miioyyon olunmusdur ki, sintez
olunmug reagentin metanolda kompozisiyasi
Postgate B qida miihitinde SRB sayinin
azalmasina effektiv tosir gostorir (sok.l). Ogor
reagentin 50 mq/l qatiliginda qapali sistemds 7
sutkadan sonra 2 dofe azalirsa, inhibitorun 100
mq/l qatiliginda miihafizs effekti 90%-o gatir, 200
mgq/l-dan sonra bu qiymati das asir.

Reagentin bakteriya hiiceyralorinin sayina va
onlarin hayat fsaliyyatinin azalma daracasine
tasiri onun bakterisid tasirini gostarir. Reagentin
bakterisidlik tesiri onunla izah olunur ki, o
sulfatlarin reduksiyasina masul olan fermentativ
reaksiyalara mane olur.

Noaticalordon goriindiiyti kimi, c¢oxniiveli
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gosulmus aromatik karbohidrogenlorde bazi
karbon atomlarini N(azot) atomlar: il oavez
etmaklo alinan yeni aromatik halgali ¢oxniivali
heterotsiklik birlosmoa - 14H-1,7,8,14a-Tetraaza-
benzo[a]tetrasen-14-ol  korroziya  toradici

goOstorir ve onun osasinda neft-qaz madan
avadanliqlarinin mikrobioloji korroziyadan
miihafizasi {i¢lin yiiksakeffektiv inhibitor-
bakterisidlorin hazirlanmasinda istifade
olunmasi maqsada uygun hesab olunur.

mikroorqanizmlars qars1 bakterisidlik effekti

160

140 —

5 /’,
120 A
100 /

80

. /
0 —

20 A

Bakteriyalarin say1, n-10*

)

X
b ” w 1
0 - - " 7
0 1 2 3 4 5 6 7 8

Giin

Sakil 1. inhibitorun qatiligindan asili olaraq SRB sayinin
dayismasi (mq/litr): 1 - 0; 2 — 25; 3 - 50; 4 — 100; 5 — 200
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Cunre3 1 anHTUOaKTepuaabHas OlleHKa NMPUMUAMHCOAeprKallero
rereponoanapoMaTmudeckoro coeAvHeHNsI

®.I.Barues
HUIIN «Hedreraz», SOCAR, baky, Azepbaitaxan

Pedepar

Briepsrle cuHTesnMpoBaHO HOBOE MHOIOJAEPHOE TeTepOLMUKANYECKUXOe COeAMHeHUe
14H-1,7,8,14a-TeTpaasa-0enso [«] TeTpalieH -14-04, BHYTPUMOAEKYASIPHOI IIMKAM3aLIeN
B KICAOI Cpege COeAMHEeHUN coAep KalluX aabAeTUAHYIO TPYIIly B O4HOM U3 apoMaTude-
cKMx s4ep, ceasan-uele NH rpynmoit m atom N B gpyrom. CocTas U CTPYKTypa II0Ay4eHHBIX
BeIIeCTB HOATBeP>KAEHBI JaHHBIMU 9A1€MeHTHOTO aHaAM3a, AACPHBIN MarHUTHEIN pe30HaHC
(ZIMP) H1, EI-macc-cIeKTpOCKOIIMN ¥ PeHTIeHOCTPYKTYPHOTO aHaAM3a MOHOKPUCTAAAOB.
Msydyeno OaxTepuimaHoe AeiCTBUE CUHTE3MPOBAHHOIO IIPOMU3BOAHOTO HUPUMUANHA
HpOTUB MUKpOOUMOAoTHIecKol Kopposun. [Ipu onTuMaabHOI KOHIIEHTpalUM peareHTa
omnpegeaeH 6akTepnuuAHLI dPPeKT 98-99% B OTHOIIEHUN arpecCUBHBIX CyAbdaTpeayIn-
pymomux 6akTepuii.

Katouegvte caoga: MHOTOsIAepHBIE TeTepolMKANdeckue coeaunenus; SIMP; cyasdatpe-
Aynupyiomne 6akrepun; KOppo3usl; MHIMOUTOP-OaKTepuLA,.

Yeni pirimidin niivali heteropoliaromatik birlasmanin
sintezi va biosid xassalarinin tayini

F.Q.Valiyev
«Neftqazelmitodqiqatlayiha» Institutu, SOCAR, Baki, Azarbaycan

Xiilasa

Ik dofe NH qrupu vasitasi ilo birlogsmis aromatik niivelerin birinde a- vaziyyetdas
aldehid qrupu digerinde iso N atomu olan birlagsmalarin turs miihitde molekuldaxili
tsiklloasma reaksiyasindan terkibinde pirimidin niivesi ve OH qrupu saxlayan yeni sinif
coxniivali heterotsiklik birlogsmo - 14H-1,7,8,14a-Tetraaza-benzo[«] tetrasen -14-ol sintez
olunmusdur. Alinmis maddalerin torkibi ve qurulusu element analizi, HI NMR, Ei-kiitlo
spektroskopik ve X-Ray monokristal qurulus analizleri vasitasi ilo tosdiq olunmusdur.
Sintez olunmus yeni pirimidin téremaesinin mikrobioloji korroziyaya qars: bakterisidlik
tosiri 0yronilmisdir. Reagentin optimal qatiliginda korroziyatoradici sulfatreduiksiyaedici
bakteriyalara qars1 98-99% bakterisidlik tosiri miiayyen olunmusdur.

Acar sozlar: coxniivali heterotsiklik birlogsmoalor; NMR; sulfatreduksiyaedici bakteriya;
korroziya; inhibitor-bakterisid.
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WITH 4-AMINOPIRIDINE
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Abstract

The obtaining and investigation of various complex compounds of the biologically
active aromatic heterocyclic ligands with platinum and palladium are of interest due
to their potential medical applications. To that end, 4-amino pyridine containing
cyclic and exocyclic nitrogen atoms has been used. The main aim of this work is to
clarify which nitrogen atom of the ligand composes stronger and more stable bond.
As a result of IR-spectroscopic investigation of synthesized complexes, the
acquired information demonstrated that the pyridine nitrogen atom of the ligand
is protonated and composes outer sphere as monocharged cation. However,
tetraacidoanion is formed in the inner sphere. In the alkaline medium the ligand
is monodentately coordinated with palladium through nitrogen atom of pyridine.
The exocyclic nitrogen atom of the ligand does not participate in the coordination
regardless of pH of the medium and stoichiometric ratio of the taken compounds
The initial biological probes were accomplished and the correlation between their
biological activities, composition and structures of complexes were determined.

Keywords:
Palladium;
Bidentate ligand;
4-aminopyridine;
Nitrogen atom of
pyridine;
Biological activity.

Introduction

In recent years, coordination complexes of
platinum group metals with bioligands have been
studied thouroughly. The ligands including N-, O-,
S-donor atoms as a parts of the different functional
groups are of the special interest for research due to
the fact that above-mentioned donor atoms play an
important role in the biosystems as an organogenic
element [1, 2].In order to study transmission of
many genetic diseases, obtaining and research of
the simple models of the nitrogenous bases which
are the parts of DNA and RNA, or commonly
of coordination complexes of nitrogen-containing
aromatic ligands with palladium (II) inspire
interest [3,4].

Considering the synergetic properties of
biogenic metals, the study of changes in biological
systems as a result of penetration of the

N <S>—Nm,

as a coordination compound into an organisms
was selected as a research object and inspired
a great interest. On the other hand, the ligand
has two nitrogen donor atoms with differential

ligand 4-aminopyridine

*E-mail: x.qasanov58@gmail.com

characteristics. Therefore, determining which of
them bonds more strongly with palladium will
have a place in future researches.

2. Experimental part

The results of physicochemical investigations
indicate that the synthesized complexes have
following structural formulas.

/

HzN\® /C|

N~

I/Pd \NQ (1)
¢ NH2

-

/HzN\© @,NHz
N>pa <N cl,
LN T
\HzN NH»
4 |
@ cl C
HN@NHz >Pd<
cl cl

\_ 2

(n

()

© 2021 CCC. All Rights Reserved. MON




Kh.I.Gasanov et al. / Caspian Corrosion Control No.3 (2021) 022-030

Scheme 1

K,[PdCL,] + 2N 4 N = NH, =—® trans- [Pd(N

2.1. Synthesis of compound 1

0.29 g (0.9 mmol) of K,PdCl, was dissolved
in 10 ml of water and filtered. 0.19g (2.1 mmol)
the ligand 4-amino-pyridine was dissolved
in 7 mL of water and added at the stirring to
K,PdCl, solution. It should be paid attention that
the ligand should be taken at 15% excess. The
reaction mixture was stirred using a magnetic
stirrer at 70 °C for 2 hours and the pH was set to
10, after that, yellow crystalline product became
precipitating. The reaction mixture was kept in
a water bath at 40 °C for 3 hours, then, placed
in a refrigerator. After complete finishing the
precipitation process the mixture was filtered
with a glass filter and washed with a mixture of
ethanol and water (2: 1) and ether. The obtained
precipitate was dried in vacuum upon CaCl,
down to constant weight. Yield: 0.27 g (82%).

The general formula C,;H,,N,PdCl,

Found: Pd - 29.23, Cl1 - 19.56, N - 1541, C -
33.01, H-3.39

Calculated: Pd - 29.11, CI - 19.40, N - 15.32,
C-32.86, H-3.28

The equation of the reaction is described by
the following scheme 1.

The stochiomeric ratio of the reactants during
the reaction is taken 1:2. The ligand forms
chemical bond by donor-acceptor mechanism
replacing two chlorine atoms from coordination
sphere of palladium.

2.2. Synthesis of compound 11

0.33 g (1.4 mmol) complex [Pd(NH,)4]C,, was
dissolved in 15 mL of water and then 0.51 g (5.4
mmol) of 4-aminopyridine was dissolved in 10
ml water added to it, the last was stirred and
filtred. The reaction mixture was stirred using
the magnetic stirrer at 80 °C for 4 hours and
the pH was gradually set to 8. After that, the
yellow crystalline compound precipitated from
transparent solution. The precipitation process
continued under the temperature = (6 °C) for 3
days. The precipitate was filtered using the glass

Scheme 2

< N NH,),Cl,] +2KCl

filter and then washed with cold water, alcohol,
ether and dried upon CaCl, up to constant
weight. Yield: 0.57g (76%).

The general formula C,;H,,N,PdCl,

Found: Pd -19.09, Cl - 12.69, N - 20.09, C -
43.56, H - 4.47

Calculated: Pd - 19.22, CI- 12.80. N - 20.23,
C-43.39, H-4.33.

The reaction takes place in accordance with
the following scheme 2.

The stochiomeric ratio between metal and
ligand must be taken like 1:4 for coordination
of four ligands with palladium. Thereby, four
molecules of the ligand form chemical bonds by
donor-acceptor mechanism replacing completely
four molecules of ammonia from coordination
sphere of palladium.

2.3. Synthesis of compound II1

0.39 g (2.2 mmol) of PdCl, powder was mixed
with 0.41g (4.4 mmol) of 4-aminopyridine powder,
then 20 ml of water was added. Continuously
stirring with a magnetic stirrer at 80 °C for two
hours we set the pH of solution to 5.5. After that,
the obtained warm homogeneous solution was
filtered using a paper filter and transferred into
a porcelain basin, then evaporated to a small
volume at 60 °C in a water bath. The brown
needle-like crystals were precipitated cooling of
this concentrated solution. The precipitate was
filtered using a glass filter, washed with cold
ethanol, then with ether. The obtained complex
was dried in vacuum upon CaCl, up to constant
weight. The yield was 0.85 g (89%).

The general formula C,,H,,N,PdCI.

Found: Pd - 24.39; CI - 32.51, N - 12.98,
C-27.58, H-3.34

Calculated: Pd - 24.27, Cl — 32.35, N - 12.77,
C-27.40, H-3.19.

The reaction takes place in accordance with
the following scheme 3.

The nitrogen atom of pyridine of ligand is
protonated in acidic medium differently from

[Pd(NHS,),]CL, + 4N @—NHZ—D [PA(N @-NH2)4]CIZ + 4NH,

Scheme 3

HCI, + H,0°

(NH < \‘}- NH,), [PdCL]
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Fig.1. IR spectra of compound II

other reaction modes and generates the outer
sphere of coordination complex. Composed
tetracido anion [PdCl,]* constitutes the inner
sphere.

4-aminopyridine has been purchased from
«Reanal» company and used without additional
purification.

K,[PdCl,] and [Pd(NH,),]Cl, salts were
synthesized by known technique [14]. Analytical
grade PdCl, was purchased and used.

The purity of the synthesized complexes was
controlled by «Commander Sample ID (Coupled
Two Theta/Theta)» WL=1.54060 marked X-ray
analyzer. The elemental analysis was carried
out using «CHNSOE Carlo ERBA» device. The
records for IR and DTA analysis were got by
«Thermo Scientific Nicolet IS 10» and «STA 449
E3 Yupiter» devices of «NETZSCH» company,
respectively.

3. Analysis of results

The regulated conditions and specified ratio of
reactants during the experiment are optimal and
itis possible to obtain pure substances with a high
yield only under these conditions. To avoid some

problems throughout the IR analysis, the bromide
analogues of some coordination complexes have
been synthesized and investigated. On the other
hand, first of all, IR spectra of the reacting ligand
and metal salts were recorded and compared
with the IR spectra of the complex and proper
results are deduced.

The observed 501 and 362 cm™ absorption
bands of compound I in the IR spectra were
assigned to the coordination bonds stretching
Vpen and vy, respectively. The metal-to-
nitrogen and metal-to-chlorine bonds were
observed with one absorption band in infrared
spectra of the coordination complex according to
the C,, choice rule, which shows that they locate
in trans- position relatively to each other (fig.1).
This fact is also confirmed in the literature [5-7].
If the ratio of metal:ligand is taken like 1:4, then
four metal-to- (palladium)-nitrogen bonds of the
ligand are formed in the coordination sphere of
palladium.

The existence of one strong absorption band of
470 cm™ in IR spectra of the obtained coordination
compound II confirms the results of the chemical
experiments. It means that in the flat square

Table

Some basic IR data of synthesized complexes

IR spectra (v, sm™)

Complexes
Vpa-cl Vpa-N Ve Onu
1420
[PAN 7z _\ —NH,),]Cly] 470 1248
y B 1630 3588
(NH® _\ NH,),[PdCl,] 340 3514 1610 3596
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Fig.2. IR spectra of the compound II

plane of palladium, when the central atom forms
coordination complexes with ligands of equal

. Npe N . .
strength like o NN tetramine, according to

the D, Choice Rule, the v,, bonding is really
characterized by one adsorption band in the
absence of any displacement [8,9]. In both IR
spectra of the coordination compounds I and II
the absorption bands at 3609 cm™, 3616 cm™ and
1422 cm? weak, 1240 cm™' medium, 1420 cm™
weak and 1245 cm” medium were observed.
They belong to the 0.y plane of pyridine ring
and proves participation of nitrogen atom of
pyridine in the coordination (fig.2, tabl.).

IR spectra of cation-anion type complex was
given in figure 3.

The stability of the exocyclic nitrogen
atom, i.e. of absorption bands reserved for
the free NH, group in fourth position such in IR
spectra of ligand shows that this group does not
take part in the coordination. Only the nitrogen
atom of pyridine behaves as monodentate

ligand due to the fact that it participates in
the coordination of a potential bidentate ligand
4-aminopyridine with palladium.
Cation-anion-type complex of palladium
with 4 aminopyridine - compound III has been
synthesized by changing the conditions of the
process. The strong observed absorption band
of 3514 cm™ within the range of 2000-3600 cm™
of the IR spectra of this complex proves that a
nitrogen atom of pyridine ligand is protonated
and converted into a cation. The nitrogen atom
of the exocyclic amine group is not changed in
an acidic medium and if we ignore the slight
displacement of m electrons of v, bond in the
pyridine ring, recorded medium 1630 cm™ and
strong 1610 cm™ absorption bands indicate the
protonation of the nitrogen atom of pyridine
[10,11]. The strong adsorption band of 340 cm™
in IR spectra of cation-anion type coordination
complex proves the formation of tetraacido
anion of palladium - [PdCl,]* [12,13]. 3588-3596
cm'broad absorption band observed in IR spectra
of the cation-anion type complex indicates the
participation of protonated amino groups in

Absorbtion

3600 3400 3200 3000 2800 2600 2400 1900 1600 1500 1300 1100 900 800 700 600 500 400

v, cm™

Fig.3. IR spectra of aminopyridine and its cation-anion coordination
complex with palladium - compound III
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Fig.4. Thermal behavior of the complex (NH@—NHZ)Z[PdC14]

hydrogen bonding [12,13].

The complexation of the 4-aminopyridine
ligand with palladium (II) cations was also
studied by spectrophotometric titration.

Absorption spectra in the UV-visible region
were recorded on Varian Cary-100 and Avantes
AvaSpec-2048 spectrophotometers.

Inthe 4-aminopyridine ligand, there are at most
two binding sites for palladium cations, which
should lead to a rather complex complexation
pattern. Therefore, we studied the complexation
of the ligand with palladium ions in an aqueous
solution with the following ratios M: L 1: 1.1:
2.1: 3, 1: 4, and 1:6. The initial concentration
of the ligand C = 4 - 10° M, the concentration
of potassium tetrachloropalladite varies in the
range 0 - 0.15 M.

Theaddition of potassiumtetrachloropalladite
to a solution of the ligand in an aqueous
solution leads to a hypsochromic shift of the
long-wavelength absorption bands in the UV

1.2
1.0
0.8

0.6

Absorbtion

0.4

0.2

and visible spectral regions, the value of which
reaches 31 nm (fig.4). The reason for this is
the interaction of palladium cations with the
heteroatom of the ligand nitrogen, which leads to
a significant neutralization of the electron-donor
function of the exocyclic nitrogen atom of the
amino group directly linked by the heterocycle.
As a result, the intramolecular charge transfer
upon electronic excitation of the chromophore is
hindered. The destabilization of the excited state
upon complexation leads to a hypsochromic shift
of the electronic absorption spectrum. In this
case, a complex with the composition [PdL,Cl,] is
formed at a ratio of 1: 2. The stability constant of
the complex is logK11 = 5.48 + 0.11.

When mixing a solution of potassium
tetrachloropalladite withasolution, aneightfold
excess of the ligand causes a hypsochromic
shift in the absorption spectrum of the ligand
by 27 nm (338 nm — 311 nm) (fig.5), which
indicates the direct participation of the pyridine

200 250 300

350

400 450 500

Wavelenght, nm

Fig.5. Electronic absorption spectra of a 4-aminopyridine solution
at various concentrations of potassium tetrachloropalladite
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Fig.6. Spectra of formation and changes over time for
the palladium onium complex - (HL),[PdCl,]

nitrogen atom in the complexation process, since
the introduction of a metal cation into the ligand
cavity prevents the transfer of electron density
from the exocyclic donor nitrogen atom to the
acceptor. The ligand with palladium ions forms
a complex at 1: 4 ratios of the composition -
[PAL,]CL, in which the palladium cation is
bound to four ligands at the near-nitrogen
nitrogen atom of the heterocycle. The value of
the logarithm of the constant of complexation of
the ligand with the palladium cation was found
to be logK11 = 2.13 + 0.04.

Initial concentration of ligand C=8.710°M, the
concentration of potassium tetrachloropalladite
varies in the range 0 - 0.2 M.

When three or more equivalents of H, [PdCl,]
are added, a complex is formed to a solution
of the ligand in an acidic medium, which the

Absorbtion

absorption spectrum changes with time (fig.6)
and this leads to the appearance of a broad
absorption band with a maximum at 832 nm,
which cannot be attributed to dd transition to Pd
(II) due to its so high intensity. We assigned this
band to the charge transfer band to the ligand;
apparently, here protonation of the ligand occurs
with the formation of an onium-type complex -
(HL),[PdCl,]. When studying the kinetic stability
of the resulting complex, it turned out that the
band at 832 nm disappears in about 50 minutes
at room temperature. In this case, the intensity
of the band with a maximum at 358 nm increases
with time. We attributed the disappearance of
the 832 nm band to the process of spontaneous
intramolecular deprotonation of the ligand in the
complex (fig.7).

The molar electroconductivities of

270 290 310

330 350 370 390

Wavelenght, nm

Fig.7. Electronic absorption spectra of a 4-aminopyridine solution
at various concentrations of potassium tetrachloropalladite
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compounds I, II, III have been studied in
10 mol/L aqueous-alcohol solution in a ratio
of 4:1 (water: alcohol) at 25 °C. It is proved
that the compound III is nonelectrolyte (42
Om™"'m”mol™), compounds I and II are tricharged
ionic electrolytes (184 Om'mmol™"). The exact
value of electrical conductivity of compound
III cannot be determined due to the fact that
the ligand is deprotonated and transferred to
the inner sphere. The molar electroconductive
values of the complexes validate the proposed
assumption about their structure.

The thermal stabilities of all three complexes
were studied. Thermal conversion of a cation-
anion type coordination complex aroused
special interest. The differential thermal
analysis (DTA) for the compound III shows that
it is heat-resistant up to 165 °C. The observed
exothermic peak on the DTA curve at 182 °C
was followed by an endothermic peak. The
remaining peaks correspond to the process of
thermal decomposition of the organic part of the
complex. The reasons for this are deprotonation
of outer ligand as a result of the solid thermal
conversion and formation nonelectrolyte type
coordination complex transferring to the inner
side [19-23] (fig.7). The other two complexes

are stable up to the 240 and 220 °C, respectively,
however, at the higher temperatures they are
decomposed without melting.

The biological activities of the complexes
in vitro were also studied. The results of
performed biological tests showed that all
three coordination complexes demonstrate the
different biological activities. For example, the
compound I has weak antitumor effect and a
strong antiviral effect.

Other  complexes have antifungal-
antimicrobial and radioprotective properties,
respectively. A short analysis of the biological
activities of the coordination complexes
indicates that the complexes with different
compositions and structures formed by the same
ligand and palladium have different biological
activities. Thus, it is obvious that the structure,
composition, coordination way of the ligand
and kind of complex play significant role.

Thus, 4-aminopyridine that is a potential
bidentate ligand is monodentally coordinated
via nitrogen atom of pyridine independently on
the reaction condition and the stoichiometric
ratio, whereas exocyclic amino group does not
participate in coordination.
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Iloaydenne un mccaeaoBaHme KOMILA€KCOB Iaaaaausi C
4-aMMHONMPUAVIHOM

X.N.TI'acanog®, I.U.Adxaroea’, III.T.Kacymoe*
HUTIN «Hedreras», SOCAR, baky, Aszepbaiia>xaH;
*Asep0baligXaHCKUI MeAUITMHCKNUI yHUBepcuTeT, baky, AzepOariaxan

Pedepar

HOqueHme u mnccaegoBaHne padAmMIHbIX KOMIIAEKCHBIX COeAVHEeHUN Ouoaoruue-
CKIM aKTMBHBIX apOMaTUMYECKUX IeTepOLMKANYIECKUX ANUTAHAOB C IlTaldldajgueM IIpeAa-
CTaBASIOT MHTEpeC B CBA3UM C UX IIOTE€HUMaAbHBIM MEAVIMHCKMM IIPpMMEHEHNEM. C
DTOI I1eAbI0 OblA MCIIOAb30BaH 4-aMMHONUPUANH, COAEP KAIlUI LUKANYIECKUe U
DK30IIMKANYIEeCcKie aToMbl asora. OCHOBHas I1eAb DTON PabOTH - BBIACHUTH, KaKOII
aToM asoTa AuraHga obpasyer 6oaee IPOUYHYIO U CTAaOMABHYIO CBs3b. B pesyanrarte
MK-CHQKTPOCKOHI/I‘IQCKOI‘O uccaeA0BaHMsl CMHTE3MPOBaHHBIX KOMIIAE€KCOB ITOAYY€H-
Has nHQpopMaIus Iokasada, 4YTO aTOM a3oTa NMPUANHA IIPOTOHNPOBAH U oOpasyeT
BHEITHIOIO cdepy B BUAe OAHO3apsKeHHOro karmona. OJHaKO TeTpaalMi0aHUOH
obOpasyeTcs BO BHyTpeHHell cepe. B meao0dHol cpeje Aurang MOHOAEHTAaTHO KOOP-
AVIHUPYeTCs C ITadJajyeM depe3 aTOM azoTa nupuansa. Hezasucumo ot pH cpeant
" CTeXMOMETPUYECKOIro COOTHOHIEHMSI peareHTOB DKIOMUKANIECKNIT aTOM a3oTa
JAUTaHAa He yJacTByeT B KOOpAMHaLl . boran IIpOBEA€HbI II€PpBIYHbIE Oumoaormueckue
MccAeA0BaHUS U OIpejeleHa KOppeAsIns MeXAY X OM0A0TMIecKOl aKTUBHOCTEIO,
COCTaBOM U CTPOEHUAM KOMIIAEKCOB.

Katoueevte crosa: maaasasuit; OMAeHTaTHBIN AUTaHJ4; 4-aMUHONMPUAWH; aTOM
asoTa NMUpUANHA; OMoA0TNYecKast aKTUBHOCTb.

Palladiumun 4-aminpiridinls komplekslarinin
alinmasi va tadqiqi

X.I.Hasanov?, G.i.Acalovuz, S.H.Qastmov?
'«Neftqazelmitodqiqatlayiha» Institutu, SOCAR, Baki, Azarbaycan;
?Azoarbaycan Tibb Universiteti, Baki, Azarbaycan

Xiilasa

Palladiumun heterotsiklik bioloji fealligandlarla koordihasion birlegmalarinin
alinib tadqiq tadqiq edilmsasi tibbi baximdan maraq kasb edir.Bu magqsadle
heterotsiklik ve ekzotsiklik azot atomlar: olan 4-aminpiridindan istifads
edilmisdir.Isde osas moaqsad hansi azot atomunun daha davamli ve stabil
rabits yaradmasini aydinlasdirmaqdan ibaratdir. 1Q-spektroskopik tadgiqatin
naticalari gostarir ki,turs miihitde ligandin piridin azot atomu protonlasir
vo ligand bir yiiklii katoin kimi xarici sferani toskil edir. Qalovi miihitds ise
ligandin piridin azot atomu palladiumla rabite yaradir.Liqandin ekzotsiklik
azot atomu koordinasiyada istirak etmir. ilkin bioloji sinaglar komplekslarin
qurulus, torkib va bioloji feallig1 arasinda korrelyasiya oldugunu tasdiq edir.

Acar sozlar: palladium; bidentat liqand; 4-aminopiridin; piridin azot atomu;
bioloji faalliq.
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OKVICAUTEABHOE AETMAPUPOBAHME BYTUAOBBIX CIIVIPTOB
B COOTBETCTBYIOIINE KAPBOHUABHBIE COEAMHEHUS
HA MOAU®UIIVIPOBAHHBIX IIEOAUTAX
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Oxidative Dehydrogenation of Butyl Alcohols to Correspopnding Carbonyl

Compounds Over the Modified Zeolite
Z.A.Shabanova

«OilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan

Abstract

The catalytic properties of modified synthetic (A, X, Y) and natural (MOR, Clp)
zeolites have been studied in the reactions of oxidative dehydrogenation of butyl
alcohols to corresponding carbonyl compounds. It has been established that
bimetallic zeolite catalysts show higher activity in these reactions. It has been

Keywords:

Oxidative dehydrogenation;
Butyl alcohol;

Kinetics;

Mechanism.

developed theoretically based general kinetic model of processes. The numerical

values of the constant models calculated.

B cBA3M ¢ pocTOM CIIMPTOBOTO CHIPbA, OOpa-
3YIOIIErocs M3 OTXOAOB IMIIEBON U AepeBooOpa-
GaTpIBaOIIell ITPOMBIIIAEHHOCTY, MCCAeAOBaHVe
IIPOIIeCCOB OKMCAEHM aAMPaTUIeCKNX CIMPTOB
C034a€T 0OBEKTUBHBIE ITPEATIOCHIAKI AAS IITUPO-
KOTO IIPMMEHEHU:SI OHTUX CIHUPTOB B KadecTBe
CBIPbs AASl MOAYYEHUs Pa3AMIHBIX II€HHBIX IIPO-
AYKTOB. B KauecTBe KaTaaM3aTOpOB A4A4d IIporiec-
COB TeTEepPOreHHO-KaTaAUTUIECKOTO OKMCAUTEAb-
HOTO AeTUAPUPOBAHUS aandaTUIeCKNX CIVPTOB
B COOTBETCTBYIOIIME KapOOHUABHBIE COeANHEHN S
npuMensaioT mertaaasl (Cu, Ag, Au, Fe, Mo un
Ap-), OKCKABI TepexoAHbIX MeTaaa0B (CuO+Cu,O,
V,0;, Cr,0;, MoO; u ap.), cMecu OKCHAOB, a
TakKe COAM IIepeXOAHBIX MeTall0B (BaHaAaThl,
BoAbdpaMaThl, CTaHHATHI M MOAMOAATHl IIMHKA,
KobaabTa, BucMyTa u 4p.) [1-4]. Ha Tux xonrak-
Tax IIPOIIeCCH IMPOTEKAaIOT NP BBICOKMX TeMIIe-
paTypax ¢ OTHOCUTEABHO HU3KON CeAeKTUBHOCHIO
IIO I1eA€BOMY IIPOAYKTY.

B mnocaeanee Bpems mpupoAHBIE M CHHTe-
THYeCKNe IIeOANTH, COoJep Kallye MOHOOOMEeH-
Hble KaTMOHBI IlepexoAHbIX Meraaaos (Cu, Pd
U Ap.), CTaau IIMPOKO MCCAeAO0BaThCA B Kaue-
CTBe KaTaAM3aTOPOB IaplIMalbHOIO OKMCAEHMS
aandaTnIecKux CHNUPTOB B aAbAeTuABl [5-7].
McnoapzoBanne noanQyHKIIMOHAABHBIX MeTaAl-
IIEOAUTHBIX KaTaAM3aTOPOB B OTUX pPeaKINAX
IIPUBOAUT K COKpaIleHNIO pacxoja CHIPbs, K CHU-

E-mail: zumrud-042425-@mail.ru

SKeHUIO DKCIIAyaTalMOHHBIX Pacxo40B Ha BbIAe-
AeHUe ¥ OYMCTKY I104y4aeMOTro IpOAyKTa, U
3aIUTY OKPY>KalOIlei Cpeabl.

B aanHOI1 cTaThe 0OOOLIEHBI pe3yAbTaThl IO
110400py aKTMBHOTO MeTaAAl[e0AUTHOTO KaTaau-
3aTO- pa A4S peaKUuil OKMCAUTEABHOTO AeTUADPU-
posanus (OA) 6yTuAOBBIX CIMPTOB U U3YyYEHUIO
KMHEeTUYeCKUX 3aKOHOMEPHOCTel IPOTeKaHMs
peaxkumii.

DKCcrepuMeHTaabHasl 4acTh

B pabote mccaesgosasach KaTaauUTUYeCKas
aKTMBHOCTh MOAMQPUUIMPOBAHHBIX KaTMOHaMMU
nepexodHslx Metaaaos (Cu, Pd) cuuTeTmue-
ckux 1eoamurtos NaA, CaA, NaX, NaY, npwu-
poAHBIE 11€0AUTOB — KamHonTmaoaut (Kam) m
MopgeHut (MOR) B peaknusax OKUCAUTEABHO-
ro JAermgpuposaHmus OyraHoaAa-1, OyraHOAa-2 1
2-MeTnanpormnanoaa-1. Moandunuposanne 1eo-
ANTOB KaTMOHaMM MeAM M ITadAdaAuisl OCYIIecT-
BASAOCH IIOCA€A0BAaT€ABHO METOAOM WOHHOTO
obMmena B BoAHBIX pactsopax CuCl, n [Pd(NH,),]
Cl,. KoanuectBo BBeA€HHBIX KaTMOHOB COCTaBAsI-
20 aas mean 0.5-5.0%, a aas naaaaaus 0.1-1.0%
or Maccel 1eoanTa. Ilepea moHHBIM OOMeHOM
IIpUPOAHbIE 1IeOAUTH oOpabaTeiBaauch 1 H pac-
teopoM HCl. KoamdecTBo BBeAeHHOTO KaTMOHa
OBI10 OIIpeseAeHO MOHOCIEKTPaAbHEIM METOA0M
anaamsa Ha ICP-MS Agilent 7700.

DKCIIepUMEeHTH ITPOBOAMAUCH Ha IIPOTOU-
HOJII yCTaHOBKe IIpM aTMOC(EpHOM JaBAeHUU B
nHTepsadax Temiepatyp 280-380 °C, MOABHBIX
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cooTHomeHui pearentos 1.00:(0.33-2.00):(1.33-4)
1 OOBLEeMHEBIX CKOpPOCTENl PeakLUMOHHON CMecu
1000-5000 w'. AHaAmM3 MCXOAHBIX peareHTOB U
IPOAYKTOB peakIUM OCYyIIecTBAsSACS XpOMaTo-
rpaduueckum metogom Ha GC-MS Agilent 7890.

Karaausatop ¢ pasmepamn vacrui 0.23 -
0.63 MM 3arpykaamu B peaKkTOp B KOAUYECTBE
3 cM® M aKTUBUPOBAAM €ro B TOKe a3oTa Ipu
400 °C (3 u), 3aTeM CHUKAAU TeMIIepPaTypy 40 TeM-
IepaTypsl peakIiui 1 C OIIpeAe1eHHON OO BbEMHO
CKOPOCTBIO II04aBaAll PeaKIMIOHHYIO CMeCh.

PesyabpraTel nccaej0BaHUI IO OKMCAUTEABHO-
My HOpeBpalieHUI0 CIUPTOB Ha MeTaAAIle0ANUT-
HBIX KaTaAmM3aTopax II0Ka3aay, 4TO HallpaBae-
HIe peaKlUN 3aBUCUT OT Pa3AMYHBIX PaKTOPOB:
TUIIa U CTPYKTYPHBIX OCOOEHHOCTEil IIe0ANTa,
HpUPOABl U KOAMYECTBa BBEJEHHOIO KaTMOHA,
yCAOBUI IIPOBeAEHNS peaKIIu.

Mccaeposanns KaTaaAMTUYECKUX aKTUBHOCTE
HPUPOAHBIX IIEOAUTOB Pa3AMYHOIO TUIIA B peak-

mmax OJ OyTMAOBBIX CHMPTOB IIOKa3aaAu, 4YTO
ncxogueie Na* — QpOpPMBI II€0AUTOB IPOIBASIOT
HIBKYIO KaTaAUTUYECKYIO0 aKTMBHOCTH IIO CpaB-
HEHUIO C UX MOAUQPUIMPOBAHHBEIMU (POpPMaMMU.
BBesenue B cocrtaB 1eoanuta katnonos Cu?t u Pd?*
IIPUBOANUT KaK K ITOBBIIIEHNIO KOHBEPCUU CIIUPTA,
TaK U yBeAMYEHUIO CeJAeKTUBHOCTH IIporiecca Io
11e/1eBOMY IIPOAYKTY.

B pesyapraTe mccaedoBaHMA KaTaAUTHYe-
CKOJl aKTMBHOCTM KaTaAM3aTOPOB, IPUTOTOB-
AE€HHBIX Ha OCHOBE CHUHTETUYECKUX IL[€0AUTOB
NaA n CaA, cogepxammux pa3AuyHble KOANYe-
crBa KatnoHos Mean (0.5-5.0 mac.%), ycraHOB-
A€HO, YTO ONTUMAaAbHasl KOHLIEHTpalus KaTu-
OHOB MeAU IIO BEHIXO4y KapOOHMABHBIX COeAU-
HeHUI cocrasadeT 3.0 Mac.% 4451 KaTaamnszaTopa
CuCaA n 5.0 mac.% aas kataamsaropa CuNaA,
u xaraauszatop CuCaA ob61agaer 604ee BLICOKOI
KaTaAUTUYECKON aKTUBHOCTBHIO IIO CpaBHEHUIO C
kataamnsaropa CuNaA (ta6a.1). Beegenne xartu-

Tabamria 1

PesyabraTnl onbiTos mo O VIBC Ha MOAV(PUINIPOBaHHBIX IIPUPOAHBIX
neoantax upu MBC:0,:N,=1.00:0.33:1.33, T=350 °C, V=2000 u*

(X — xoHBepcys crmpTa, Sy, — C€AeKTUBHOCTD 110 VIMA)
Konsepcnsa copra, %

BbIxoa mpoayKkToB peakmym, %

2+ 2+
gy | (G it byranoa-1 byranoa-2 n;g;f;ﬂmé;_l byranaap byranon nf)gdrf:g:;m
Na-form 13.1 11.1 19.9 7.5 34 13.3
DA-form 21.9 23.3 30.6 18.2 15.6 24.8
- 0.1 44.9 45.3 51.1 224 20.3 29.5
CLp 0.5 0.025 55.2 53.1 59.1 35.4 31.6 40.9
0.5 0.1 66.5 64.3 71.6 41.8 39.9 49.7
0.5 0.5 57.8 56.7 62.3 36.1 33.4 422
1.0 0.1 48.3 45.5 51.6 32.3 25.7 429
DA-form 29.1 26.6 33.8 11.5 5.6 24.3
- 0.1 42.2 38.1 45.1 13.3 5.9 25.3
MOR 0.5 0.1 57.7 53.3 60.6 25.9 6.3 36.9
0.1 0.1 58.4 54.9 62.4 20.7 18.7 32.3
2.0 0.1 52.3 49.9 56.4 19.6 16.6 30.1
- - 6.4 5.9 8.1 4.6 5.3 7.2
0.5 - 17.8 16.3 18.2 6.5 8.9 16.7
3.0 - 56.1 52.3 60.2 39.9 25.2 53.5
CaA 3.0 - 61.2 57.1 65.3 41.2 37.2 59.1
5.0 - 48.3 44.6 52.3 33.6 40.6 429
3 0.1 64.4 61.7 78.3 59.9 41.9 68.2
3 1.0 69.1 65.8 82.5 65.1 70.1 76.2
3.0 - 37.4 35.6 52.1 30.8 25.1 414
NaA 5.0 - 49.1 44.1 60.1 38.6 33.2 49.6
5 0.1 56.9 61.9 78.9 42.6 39.9 59.2
5 1.0 60.3 65.2 80.1 45.8 42.2 62.5
0.5 0.1 35.1 30.4 46.1 31.3 22.8 39.1
NaX 2.0 0.1 43.6 36.4 52.3 35.4 29.1 434
2.0 0.5 46.9 43.7 59.6 41.1 31.9 49.1
0.5 0.1 37.2 32.1 49.1 31.9 25.2 42.1
NaY 2.0 0.1 40.6 38.4 54.1 38.7 30.5 48.9
3.0 0.1 38.2 36.6 53.7 36.4 28.8 46.4
2.0 0.5 46.3 42.2 61.1 28.3 29.3 32.6
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oHos naaaaaus (0.1-1.0 Mac.%) B COCTaB KaTaAl-
3aTOPOB THUIa A, MOAU(PULIMPOBAHHBIX KaTMOHa-
MM MeAM HNPUBOAUT K IIOBBIIIEHUIO aKTVBHOCTU
karaansaropa. Beegenne 0.1 mac.% Pd* B cocras
kataamsaropa CuCaA (3.0 mac.% Cu?*) mpuso-
AWUT K IOBBIIIEHNIO BEIXOAA 2 MeTHUA IIpollaHaja
ot 53.5 20 68.2%, a ¢ gaabHeNIIeM yBeAdeHIeM
KOHIIeHTpaluy MOoHOB mnaadasus Ao 1.0 mac.
% B COCTaB TOTO >XKe KaTaAM3aTopa IIpM TeX XKe
YCAOBMAX peakLMM BBIXOJ, IOBBIIIAETCI 40 76.2%
npu ceaextusHOCTH mpouecca (SVIMA) 93.4%.
Taxas >xe 3aKOHOMEPHOCTh HadAIOAaeTCs IpU
OKHMCAUTEABHOM JAeTuApuposanun OyraHoaa-1 u
OyraHoAa-2.

B pesyabrare cpaBHMTEABHOTO MCCAEAOBAHMS
KaTaAUTUYIECKOM aKTUMBHOCTY MOHO- 1 OuMeTaal-
IIEOANTHEIX KaTaAM3aTOpPOB, IPUTOTOBAEHHBIX Ha
ocHoBe cuHTeTuuyeckux meoanutos NaX u NaY, B
U3YYEeHHBIX peaKIUIX YCTaHOBJAEHO, YTO OmMe-
TaAAIle0OAUTHBIE KaTaAU3aTOPHl TaKXKe IPOsBAS-
0T 00J€e BBICOKME KaTaAUTUYECKIe€ aKTUBHOCTU
IO BBIXOAY II€A€BBIX IPOAYKTOB, OAHAKO, IIPUTO-
TOBAEHHBLIX Ha ocHOBe NaY Brixoga 00aee BBICO-
K1le, 4yeM Ha oOpasIlax IpUrOTOBAEHHEIX Ha OCHO-
Be NaX. Ilpu usyyeHun BAUSHUSA KOHIIEHTpaLUM
KaTMOHOB MeAU U TaAlaAus Ha KaTaAUTUIECKYIO
aKTUBHOCTH 1leoau- To NaX u NaY, ycranosaeHa
OITHMaAbHas KOHIIEHTpanus DTUX KaTMOHOB I10
BBIXOAY IIeA€BBIX IIPOAYKTOB, KOTOpas COCTaBAsIET
2.0 m 0.1 mac.% COOTBETCTBEHHO.

W3 BBIIEN310KEHHBIX Pe3yAbTaTOB CAeAyeT,
4TO CpeAU MCCAeJOBaHHBIX KaTaAM3aTOPOB B
U3y- YeHHBIX YCAOBUSIX MaKCUMaAbHYIO KaTaAu-
TUYECKYIO aKTMBHOCTD U C€AeKTUBHOCTb IIPOSIB-
aster CuPdCaA c coaepxanmuem 3.0 mac.% Cu?®
n 1.0 mac.% Pd*. Kunernueckne 3akOHOMepPHO-
CTU NIpPOTeKaHMs peaKLUI M3ydaAlCh Ha DTOM

7957

Z

02'

Yo,

595y

// //ﬁ/{/ //;/////

/
+R—C\\ e

—

OH
R-C

VAN

oOpasiie.

Kunernyeckne 3akoHOMepHOCTU HcCAejOBa-
Ay 1pu atMocepHOM JaBA€HUM B MHTepBadax
temniepatyp 280-380 °C, 0OBEMHBIX CKOpPOCTeNl
1000-4000 u'!, mpm pa3AMYHBIX IapLMaAbHBIX
AABAEHUSAX M B YCAOBUAX OTCYTCTBUS BHYTpPEHHe-
u BHeIIHe- AP PY3MOHHOTO TOPMOXKEHU .

bria nmpesaokeH cTaguMHBIN MeXaHU3M A4S
peaknuii IapumaAbHOTO OKUCAEHMS HUBIIUX
aandaTUIecKNX CHUPTOB Ha MOAUPUIUPO-
BAHHBIX II€OAMTHBIX KaTaamMsaTopax: (B cxeme
MaTpuiia Ije0AuTa IpejcTaBAeHa IITPUXaMU,
bpencreaosckme kucaotHele neHTpHl — HY, xaTu-
OHBI MeTaA10B —Me?',HyKA1e0(pUALHBI KICAOPOA
- O¥): [9, 10].

[Ipeanoaaras ®aeMeHTapHOCTh CTagull B
YCAOBUAX CTAallMOHAPHOCTU 1,=F,=F;=f, U IIOCTO-
SHCTBA OOIero 4mcaa IMOBEPXHOCTHHIX yJaCTKOB
2.0=1, ypaBHeHMs Aad CKOPOCTU OOpasoBaHUA
aabjeruja MAU KeTOHa, IOAydeHHble Ha OCHOBe
BBIIIEIIPUBEA@HHOTO MeXaHM3Ma UMeIOT CAeAyIo-
MU BUA:

kP k P ’
A, )
r.=k?P,
2 kP klPO2
2k2pcn 2k3
Uncaennele 3HaYeHMsI KOHCTAHT KUHeTHYe-

CKOTO ypaBHEHI:I, pacCUMTaHHbIE Ha OCHOBE DKC-
IIepUMEHTaAbHBIX KMHETUYECKNX AAHHBIX IIpea-
cTaBAeHbl B Tabaulie 2.

ITpu ymcaeHHBIX 3HAYEHMSIX KOHCTAHT KIMHETHU-
JeCKOIo ypaBHEHI:, IpUBeAeHHBIX B Tabaune 2,
OTHOCHUTEAbHbIE IIOTPEIIHOCTY DKCIIePUMEHTaAb-
HBIX U pacY€THBIX AaHHBIX He ITpeBbimada 7-12%.
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TabGamiia 2

YUricaeHHBIE 3HAYEHVST KOHCTAaHT KMHETMIECKOTO YpaBHEHMA

Ink’, E, xkaa/Mmoab

Ink’, 16.5 7.19 28.024 E, 8.5 5.15 11.794
Ink?, 13.9 4.03 7.869 E, 6.9 6.47 7.001
Ink’, 15.9 7.67 24.169 E, 9.7 5.28 8.623

Ha ocHoBaHuMm nposeaEéHHBIX MCCAeAOBaHUI
MOJKHO 3aKAIOYNUTh: NpPeAA0>KeHHas KMHeTuUde-
CKas MOJeAb B MU3YYEHHOM Jualla3OHe BapbUpO-
BaHMs IIapaMeTPOB A40CTaTOYHO XOPOIIO OIIMCHI-
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6. Mcxuaagse Axaabegamisuanu

BaeT MeXaHM3M ITPOTEeKaHMUs peakUUU UM MOXKeT
OBITh UCII0AB30BaHA IIPU pa3pabOTKe MaTeMaTH-
YeCKOI MOJeAu IIpolecca.
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OxmcanreabHOe AgeTMApUpOBaHNe OyTUAOBBIX CIMPTOB
B COOTBETCTBYIOMVe KapOOHMAbHbBIE COeAVIHEHM ST
Ha MOAM(UIIMPOBAaHHBIX [[€0ANTAaX

3.A.Illabanosa
HUTIIN «Hedreras», SOCAR, baky, AsepOaitakaH

Pedepar

Maydensl KaTaAUTU4YeCKNe CBOVICTBA MOAM(PUIUPOBAHHBIX cuHTeTndeckux (A, X, Y) u
npupoansix (MOR, Karm) 11e04uTOB B peakIusX OKMCAUTEABHOTO AeTUAPUPOBaHUS OyTu-
JAOBBIX CIUPTOB B COOTBETCTBYIOIINE KapOOHMAbHEIE COeAVHEHNs. YCTaHOBAEHO, YTO OuMe-
TaAAl€OAUTHBIE KaTaAM3aTOPBl IPOABASLIOT 00/€ee BBICOKYIO aKTMBHOCTL B DTUX pPeaKIVIX.
Pazpaborana Teopermueckum OOOCHOBaHHas OOIIas KMHeETUYeCKas MOJeAb ITPOLIeCCOB.
Paccunranbl yncaeHHbIe 3HAYEHUSI KOHCTAaHT MOAEAN.

Katoueevte cArosa: okmucaAuTeAbHOE AeTUAPUpPOBaHUE; OYTUAOBBIN COMPTH; KMHETUKA;
MeXaHU3M.

Modifikasiya olunmus seolitlar iizarinda butil
spirtlorinin uygun karbonilli birlasmalara
oksidlasdirici dehidrogenlasmasi

Z.A.gabanova
«Neftqazelmitodqiqatlayiha» Institutu, SOCAR, Baki, Azarbaycan

Xiilasa

Modifikasiya olunmus sintetik (A, X, Y) vo tobii (MOR, Clp) seolitlorin butil spirtlerinin
uygun karbonilli birlesmalara oksidlasdirici dehidrogenlasmasi reaksiyalarinda katalitik
aktivliyi Oyrenilmisdir. Miiayyon olunmusdur ki, bimetalseolit katalizatorlar1i bu
reaksiyalarda yiiksok aktivlik gostorir. Proseslorin nazeri cahatdon asaslandirilmis imumi
kinetik modeli tartib olunmugdur. Modelin konstantlarinin adadi qiymatlari tapilmisdir.

Acar sézlar: oksidlesdirici dehidrogenlosma; butil spirti; kinetika; mexanizm.
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PRACTICAL REALIZATION OF HYPOTHETICAL
STRUCTURE OF ZEOLITE «m»

S.B.Aliyeva*!, G.M.Aliyeva®
'«OilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan;
!Institute of Catalysis and Inorganic Chemistry NAS Azerbaijan

Abstract

The new version of practical realization of zeolite 'm' from the mixture of
metakaoline and obsidian has been given. Formation of initial samples-tablets
was proceeded by the dry pressing. The synthesis was realized by hydrothermal
crystallization in Na,0-AlLO,-SiO,-H,O system at 150 °C. The samples were

Keywords:

Zeolite «m»;
Hypothetical structure;
Hydrothermal synthesis;
Kinetics.

crystallized in NaOH medium. The study of kinetics and elucidation of

mechanism of zeolite 'm' crystallization has been carried out.

Phase and

chemical composition of crystallization products have been determined by the

methods of X-Ray phase, thermographic and X Ray - spectral.

Introduction

Various structurally possible hypothetical
zeolite frameworks were suggested recently
[1-3]. However the number of practically realized
zeolite frameworks is insignificant in compare
with the amount of hypothetical structures.
The forecasting of hypothetical structure of
zeolites by taking into account of the size of
zeolite forming cations with the hydrate cover,
the amounts and locations of the pores of the

Na,Al;(Si;;,0,56 - 64H,0
Fig.1. Hypothetical structure of zeolite «m»

*E-mail: samiraaliyevab@gmail.com

bulk, Si/Al correlation in elementary cell and
the conditions of their practical realization
stimulate the activities to look for new zeolites
in corresponding alumosilicate systems.

One of the forecasting structurally-possible and
practically realized zeolite is the zeolite «m» [4, 5].
Its hypothetical structures with cubic symmetry
and parameter of elementary cell a=19.5+0.5A,
has the chemical formula Na,,Al,Si;;,0,5,-64H,0.
This structure was presented in the figure 1.

Experimental

The synthesis was realized by hydrothermal
crystallization in Na,0-Al,0,-5i0,-H,0 system
at 150°C treated with dilute HCI natural glass
of kaoline composition and synthetic oxides
mixture corresponding to the composition of
treated kaolinite.

Initial reaction masses have the following
compositions: Na,O / ALLO;=5.5 - 6.5;

Si0,/Al,0,= 21-27;
H,0/Al,0,= 60-120.

Phase and chemical composition of
crystallization products have been determined
by the methods of X-Ray phase (DRON-2.5;
CuKa-radiation;  Ni-filtr), thermographic
(Derivatograph Q-1500D, Poulic- Poulic-Ardey)
and X Ray - spectral (SRM-18).

Results and Discussions

In this paper the new version of practical
realization of zeolite «m» has been given. The
purpose of this research is to study kinetics
and elucidation of mechanism of zeolite «m»
crystallization from the mixture of metakaoline
and obsidian. Unlike the earlier work [5] this
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Table

The amount of oxides mol for 1 mol Al,O; in reaction mass and products,
phase composition of synthezed crystals

Composition of initial reaction mass

Product composition  Phase composition of

Na,O SiO, H,0 Na,0 SiO, H,0 obtained products
1 4.8 22 60 - - - -
2 5.4 215 60 1 16 8 «m»
3 6.0 23 60 1 16.2 81 «m»
4 6.6 25 60 1 15.9 8 «m»
5 7.4 24 60 - - - -

synthesis was carried out in the presence of
zeolite forming agent- metakaoline as an etching
agent which was added to the initial mass-treated
with HCI obsidian. In this case the synthesis
also was carried out at the 150 °C in the NaOH
solution of various concentrations. The chemical
compositions of initial reaction masses, the
products and phase compositions of obtained
crystals are given at the table.

The compositions of the initial reaction masses
were prepared in accordance with the method
worked out before [5]. The conditions of zeolite
«m» synthesis on the base of obsidian in the
presence of metakaoline etching were chosen to
take into account of the nature and concentration
of thermal solution, SiO,/Al,O, correlation in
initial reaction mass and structural feature of
expected product.

(Table) the comparably weak crystallizations
proceed at Na,O/AlL,O; = 4.8 and 7.4; beyond
of these scopes zeolite «m» crystallized feebly.
However between above said correlation, zeolite
«m» undergoes crystallization with a high degree
of crystalline.

The kinetics of zeolite «m» crystallization has
been studied. Z% - conversion degree of initial
reaction mass into zeolite «m» in a time - T,
hour, was controlled by the method of X Ray -
phase analysis and by determination of moisture
capacity of samples at the standard conditions.

The kinetic curves of zeolite « m» crystallization
from shown at the Table compositions have been
drawn up (fig.2). The drawn before kinetic curve
[5] of zeolite « m» crystallization also has been
presented at figure 2.

The comparison of this curve with other
ones has revealed the rate of crystallization of
mass with etching twice as much the rate of
crystallization of mass without the kaoline at the
same concentrations of thermal solutions (curves
III and VT).

The analysis of kinetic curves shows:

1. reaction masses 1 and 5 convert into
zeolite «m» approximately at 15 and 30%
accordingly;

2. therate of zeolite «m» crystallization from
reaction masses 2-4 considerably increases

with the small increasing of Na,O amount
in initial reaction mass;

3. zeolite «m» from reaction masses 2-4
crystallizes with the high degree of
crystalline;

4. the rate of crystallization of zeolite «m»
from reaction masses 2-4 containing
metakaoline etching considerably higher
than the rate of its formation from same
reaction mass without etching.

It will be noted that the reaction mass, without
etching as in previously published work [5]
crystallization was realized after the stage of
«aging» at the room temperature. Zeolites of
mordenite and analsime types form from the
same reaction mass without of stage of «aging».

Revealed kinetic regularities of crystallization
from above mentioned reaction mass are very
interesting for elucidation of zeolite « m»

v
I
100 Ty
80 -
Q
> 60 4
N
40 -
%
20 :
0 T T T T
20 40 60 80
T, hour

Fig.2. Kinetic curves of zeolite «m»
crystallization from reaction mass
with following composition:

I - 4.8Na,0 x AlLO, x 225i0,x 60H,0
II - 5.4Na,0 x AlL,O,x 21.55i0, x 60H,0
III - 6.0Na,O x AL,O,x 235i0,x 60H,0
IV- 6.6Na,0 x Al,0, x 255i0, x 60H,0
V - 7.4Na,O x AlO, x 24Si0, x 60H,0
VI - 6.0Na,0 x ALO, x 265i0,x 60H,0
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crystallization mechanism.

The initial samples were prepared from the
metakaoline and obsidian mixture as a tablets
with diameter — 8 mm and this — 3-4 mm, in which
the metakaoline also was added to obsidian as
etching. Formation of initial samples-tablets was
proceeded by the dry pressing. The samples were
crystallized in NaOH medium.

The time of full crystallization was determined
by investigation of process kinetics. It was
shown the samples after crystallization preserve
their forms. X Ray - patterns show the full
crystallization process of zeolite «m» proceed
in form of tablets as it is also in the case of
powdery initial samples conversion into zeolite.
The parameters of cubic elementary cell obtained
crystals: a = 19.60 + 0.2A were determined. These
data are consistent well with the parameters of
hypothetical variation and known before real
crystals of zeolite «mp».

As stated above the reaction masses containing
metakaoline in comparison with the kaoline free
mass convert into zeolite «m» with the high rate.
Their kinetic curves of crystallization testify
about it (fig.2). It means that the increasing
of crystallization rate was connected with the
presence in reaction mass of metakaoline being
the centre of crystallization.

Apparently, the zeolite «m» crystals origins
have been formed around the metakaoline. After
this process oktaedric groups [AIO,] in layers
turn into tetraedric units [AlO,]:

AL[S1,0,] - [(ALS1),0,]

Coupling with (AlSi)O, tetraedrs in glass
these structural units form around the cations of
thermal solution the silica — alumina — oxygen
skeleton: [(ALSi)O, +(AlSi),0,]. The schematic
picture of this process is given at figure 3.

Namely these discrete chains form eight
numerated rings. In this case Si** ions were
substituted in tetraedrs by Al** ions statistically
files of discrete diortogroups Si,0O, convert into
chain of [5i,0;,] (fig.3.). Diortogroups in this
simplest metasilicate chains couple and form
batisite chain:

(51,0, + 5i,07) — [Si,+20,,] = [Si,O,.].,

It is to be noted that abovementioned
chain was found in batisite mineral. «Pure»
batisite chain contains only silica tetraedrs and
the period of repetition along the chain axis
equal to two diortogroups. The four numerated
rings [(AlSi),0;,] have been formed from this
association. By coupling with side oxygen atoms
these four numerated rings form eight numerated
rings which connect with each other via four
numerated rings of silica — alumina - oxygen
tetraedrs and form the frameworks of zeolite
«m» (fig.3). Hydrated sodium cations are situated
into the pores of balk. Elementary cell contains

16 sodium ions and 128 tetraedric units (Al,Si)O,.

The structural features of proposed
hypothetical framework, X Ray — data practically
realized zeolite «m» and kinetic regularities of its
crystallization, preservation of geometric forms
of samples allow us to elucidate the mechanism
of whole crystallization process of the zeolite
under consideration.

Scheme (fig.3) allows us to express an opinion
about the mechanism of zeolite crystallization.
Apparently, crystallization of zeolite from
investigated reaction mass proceeds in
consequence of regrouping of structural elements
of reaction mass solid phase on the boundary of
solid phase — solution.

(Al Si)20“\/[(%04] -
-4 O b
5y & SN

“Q@@
\Q

P [(AL S),0,,].

[(AL 51)s0,4]..

Nay, Alyg, Sig, Ons 64H,0

Fig.3. Schematic picture of zeolite «m»
crystallization mechanism

It should be noted that after crystallization
the forms of initial samples have been preserved
i.e. they have the tablet forms. In other words,
crystallization proceeds in solid phase by
diffusion of hydrated cations inside. In the
proposed scheme of mechanizm hydrated cation
acts as pattern in consequence of regulation of
alumosilicate grating. This mechanizm has been
testified by series of observations and date on
investigation of zeolite crystallization.
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HpaKTI/I‘-IECKa}I peaan3annsi TUIIOTEeTUYIECKO
CTPYKTYPbI II€0ANTa «m»

C.B.AAueea', I.M.AAruesa?
HUTIN «Hedreras», SOCAR, baky, AsepOaiiaxkah;
VIHcTUTYT KaTaau3a U HeopraHudeckom xumun nM.M.@.Haruesa
HAH Asep0aitaxana, baky, Azep0Oaiigxan

Pedepar

IIpuBesen HOBLIM BapMaHT HPaKTUUIECKON peaaM3alUyl LeOAUTa «M» U3 CMeCH MeTa-
KaoAyHa 1 obcmamaHa. PopMupoBaHUE MCXOAHBIX 00pa3IloB-TabAeTOK IIPOM3BOAMAOCH
MeTOo40M cyxoro mpeccosanma. CHHTe3 OCyIIecTBA€H MeTOA0M IMAPOTepMaAbHON KpU-
craaansanun B cucreMe Na,O-Al0O,-5i0,-H,0 npu 150 °C. O6pasusl KpuCcTaaamu3oBaan B
cpeae NaOH. IlposeseHo nccaegoBaHne KMHETUKY U BBICHEHNE MeXaHU3Ma KpUCTaAAu-
3aluu eoamuta «m». ©a3oBplil U XUMMUYECKUI COCTaB MIPOAYKTOB KpUCTaAAU3aliuu olpe-
JAeleH MeToAaMI peHTreHo(da30BOro, TepMorpapuieckoro  peHTTeHOCIeKTPaAbHOTO.

Katouesvie caosa: neoAanTa «m»; TUIIoTeTu4YecKasl CTpyKTypa, FI/I,ZI,pOTepMaAbeIfI CUH-
Te3, KMHeTIUKa.

«m» seolitinin hipotetik qurulusunun
praktiki reallasdirilmasi

S.B.Oliyeva’, Q.M.Oliyeva®
«Neftqazelmitodqgiqatlayiho» Institutu, SOCAR, Baki, Azarbaycan;
*Azarbaycan MEA M.F.Nagiyev adina Kataliz ve
Qeyri-tizvi Kimya Institutu, Baki, Azarbaycan

Xiilasa

Metakaolin vo obsidian qarisigindan «m» seolitinin praktik olaraq reallagsdirilmasinin
yenitiisuluverilmisdir. Ilkin niimunalar-tabletlar quru pressloma{isuluils hazirlanmigdir.
Seolitin sintezi Na,0-Al,0;-5i0,-H,O sistemds 150 °C temperaturda hidrotermal
kristallasma metodu ile aparilmisdir. Niimunoalar goalovi miihitde kristallasdirilmisdir.
«m» seolitinin kristallasma kinetikas1 vo kristallagsma mexanizminin tadqiqi verilmisdir.
Kristallasma moahsullarinin faza ve kimyevi torkibi rentgenfaza, termoqrafik vo
rentgenspektral analiz tisullar: ils tadqiq edilmigdir.

Acar sézlar: «m» seoliti; hipotetik qurulus; hidrotermal sintez; kinetika.
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POLI-N-VINILPIRROLIDONUN Cu(II), Co(II) VO Ni(II) IONLARI
ILO METAL-GEL BIOKOMPLEKSLORININ ALINMASI VO
ONLARA TRIPSININ IMMOBILIZASIYASININ TODQIQi

S.Z.Tapdiqov
«Neftqazelmitadqiqatlayiha» Insitutu, SOCAR, Baki, Azarbaycan

Obtaining of Metal-Gel Biocomplexes with Cu (Ii), Co (Ii) and Ni (Ii) Ions of
Poly-N-Vinylpyrrolidone and Study of Immobilization of Thrips to Them
Sh.Z.Tapdigov

«OilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan

Abstract Keywords:

Metal gel complexes of Cu (II), Co (II) and Ni (II) ions of hydrogels obtained  Poly-n-vinylpyrrolidone;
by construction of poly-N-vinylpyrrolidone (PVPr) with N, N-methylene Biocomplex;
bisacrylamide (MBAA) with average molecular weight of 10 kDa and 40 kDa  Trypsin;

were synthesized. The capacity of the obtained biologically important complexes  Immobilization.

for metal ions was determined to be 3.3-3.6 mg/g. Immobilization of trypsin in
polymer-metal complexes was carried out, and for thrips of metal gel complexes,
the capacity was increased by 7-8 times, the degree of immobilization by 2 times,
and the specific activity of the enzyme from 38 to 92 ED/mg. It was found that
triple polymer-metal-trypsin systems have greater communication resistance
than polymer-trypsin binary systems, which is due to the binding of trypsin to
the polymer network by metal ions. In addition, the structure of the obtained

complexes was identified by IR-Fourier and UV spectroscopic methods.

Giris

Son illords makromolekulyar kimyada
milasir vo perspektiv istiqamatlorden bioloji
aktiv birlogmoalorin (BAB) dasinmas: iigiin
hidrogellarin alinmas1 xiisusi yer tutur. BAB-in
polimer dasiyicilara immobilize olunmasi onlarin
formokoloji xiisusiyyatlorini yaxsilasdirir, tesir
miiddatinive aktivliyiniartirir, toksikliyiniazaldir
va hatta saxlanilma zaman stabilliyini yiiksaldir,
zadalonmis orqanlara tesir qiivvesini coxaldir.
Fermentlorin bu tip immobilizasiyasi metodun
sadaliyi ve son mahsulun xiisusiyyatlarins gore
digorlarindan xeyli iistiinliiklors malikdir [1].

Etilendiamin, diietilentriamin liqandlar:
saxlayan heteromoasamsali polistirolun Co(II),
Ni(II), Cu(Il) vo Fe(Il) ionlar1 ilo komplekslorina
pensillinamidihidrolazi fermentinin
immobilizasiya olunmas1 prosesi oyronilmis [2],
milayyon edilmisdir ki, metal ionu immobilize
olunan fermentin miqdarini artirmaqla barabar
onun stabilliyina de miisbat tesir gostarir. Digar
bir isds [3] xitozan-silikagel makromoesamsli
gel ile Cu(ll) ionun kompleksina tripsinin

E-mail: shamo.chem.az@gmail.com

immobilizasiyas1 tadqiq edilmis, bir hafts arzindas
4 °C-das tripsinin 80% aktivliyinin saxlanilmasi
miiayyan olunmusdur.

Qlutaraldehid ile modifikasiya olunmus
silikagel va seolit {izerina tripsinin immobilizasiyasi
aparilmisdir  [4]. Immobilizasiyadan sonra
fermentin miqdar1 ilkin matrisalar ilo miiqayise
olunmusdur. Gostorilmisdir ki, sarbest silikagel
va seolit iizerine immobilizasiya olunan tripsinin
miqdar1 uygun olaraq 17.2 ve 11.5 mq/qr toskil edir.
Qlutaraldehid ile modifikasiya olunmus silikagelda
isa immobilizasiya olunan fermentin miqdar1 uygun
olaraq 39.1 vo 36.4 mq/qr toskil edir [5].

PVPr-nu ve tobii polisaxarid olan albali
moangali arabinoqalaktana N-vinilpirrolidonu
calaq etmoakls alinan calaq sopolimeri MBAA
ilo tikmokls gelomolagatirmo xassesino malik
hidrogellor sintez olunmusdur [6]. Alinan
niimunalars tripsinin immobilizasiyas: aparilmis,
miloyyen olunmusdur ki, tripsinin dasinmasi
ticlin arabinoqalaktan daha alverislidir.
Arabinoqalaktan asasli dasiyiciya immobilizas
olunan tripsinin miqdar: 1.2 mq/qr tagkil edir. pH
8-ds immobilizs olunan tripsinin 40 saat arzindae
mohlula ayrilmasi ~98% tagskil edir.

Bu sahads coxlu sayda elmi-tadqiqat islarinin
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aparilmasina baxmayaraq hale de BAB-in
dasinmas: {iglin yeni nov polimer hidrogellarin
sintez olunmasi aktual problem kimi qalmaqdadir.
Bu mogqsadle tadqiqat isinde asagi molekul
kiitleli PVPr esasinda alinan hidrogellarin
Co(Il), Ni(II) wve Cu(ll) komplekslarina
tripsinin immobilizasiyas1 tedqiq olunmusdur.
Imoblizasiya olunan fermentin pH-in tasirinden
mohlula ayrilmasi,fermentin tesir miiddatinin
artirilmasi, bununla yanas: alinan komplekslarin
grulusu IQ-Furye vo UB spektroskopik iisullarla
Oyrenilmisdir.

Tacriibi hissa

Isde orta molekul kiitlasi (Mn) 10 vo 40 kDa
olan PVPr moalum metodika [8] t1zro sintez
olunmusdur. Mn viskozimetrik {isulla teyin
olunmusdur (halledici H,O, t=20 °C). Tikici
reagent kimi klassifikasiyas1 «kimyavi temiz»
(k.t) olan MBAA (Sigma) goétiiriilmiisdiir. PVPr-
nun MBAD vasitesi ilo tikilmaesi cive-kvars
lampasindan (PRK-4) manbs kimi istifade etmakla
8 saat miiddatinds 35-40 °C-do ultrabandvseyi
siia tasirile aparilmisdir.

Miihitin tursulugunu sabit saxlamaq ticiin
standart titrli fiksanallardan istifads olunmusdur:
0.05 M KH,C,0, x 2H,0O (pH 1.68), 0.01 N HCl
(pH 2), KC,H.O, (pH 4.01), 1 N CH,COOH va 1IN
NaOH (pH 6.7) H;BO, va 0.1 N HCI (pH 8.27 va
7.4), HBO, va 0.1 N NaOH (pH 9.4, 10.5 va 11).
Miihitin pH-1 WATER QUALITY Cheeker V-10
cihazi ile (Japan) ol¢tilmiisdiir.

Alinmis PVPr asasli hidogellarin Co(II), Ni(II)
vo Cu(ll) ionlar1 ile komplekslorinin alinmasi
vo sorbsiya tutumlarinin miieyyen edilmasi [9]
isinda tedqiq olunmusdur.

Tripsin (Biofarma) Ukraniya istehsalidir.
Mohlulda tripsinin qatihigr Specord UV-VIS
cihazinda (Carl Zeis) 280 nm-das standart qatiliqlt
tripsin meahlullarinin (tripsinin molyar isiq
udma omsali E', =14) optiki sixligiqlar1 toyin
olunmus, dearacsli qrafik qurulmusdur (sok.1).
Fermentin kiivetds qatiligi C=1.1x10° M teskil

1.0 r

0.8 [

06 [

edir. Tripsinin molekul ¢akisi 21.000-dir. 224 amin
tursu qaliglarindan ibarastdir. 6 disulfid korpiisii
var. Katalitik aktivliyi pH 7.8 vo 8.0-dir. Aktiv
morkazlari Serin-195, Qistidin-97, Aspargin-
102-dir. Sorbsiya hissesi Aspargin 189-dur. Turs
miihitde davamlidir. Suda yaxs1 hall olur [7].

Fermentin immobilizasiyast asagidaki
metodikaya uygun aparilmisdir. Belo ki, hidrogel
niimunoalori sabit ¢okiye gedar qurudulmus,
xirdalanmis, olokden kecirilmis, immobilizasiya
ticiin 0.02 mm fraksiyadan istifade edilmisdir.
0.1 qr hidrogel vo onlarin metal-polimer
niimunalarinin tizerine 5 ml tripsinin 0,001 N
HCI moahlulu slave edilib, otaq temperaturunda,
24 saat miiddatinds qarisdirilmaqla aparilmigdir.
Fermentin dasiyiciya imobilize olunan miqdar:
M (mq) ve Mf (mq/qr) asagidaki ifodalare asasen
toyin olunur:

M=(C,~C,)xV, ; M, :Mxvi
8

Burada:

C, — ferment moahlulunun ilkin qatiligl, mq/l;

C, — immobilizasiyadan sonra mohluldak:
fermentin tarazliq qatiligl, mq/l;

V; —immobilizasiya gedon mahlulun hacmi, ml;

g - dasiyicinin kiitlasi, qr

Immobilize  olunmus tripsinin pH-in
tosirinden moahlula ayrilmasini dyranmak ticiin
ferment immobilize olunmus niimunsalar, hacmi
20 ml olan siise gaba tokiilmiis ve iizarine 5 ml
bufer mahlulu oslave edilmis, 24 saat oarzinda
moahlula kegen tripsinin optiki sixligini 6lgmakls
qatiliginin dayisilmasi tadqiq olunmusdur.

Dasiyiciya fermentin immobilize olunma
doracesi R (%) ve miihitin pH-nin tesirindan
moahlula ayrilmanin miqdar1 D (%) asagidak:
ifodalora asasen hesablanilir:

(CO—Ct) C xV.
_ . D=—t""i
R=~—"—-"2x100; 10xM,__

0 X

M., — hor bir dasiyiciya immobilize olunan
fermentin maksimum miqdari, mq.

Crripsin A, Optiki
mq/1 sixliq
40 0.870
32 0.780
24 0.587
18 0.440
8 0.220
4 0.090
. . . . . 2 0.041
54 50 46 42 38 34 x10°sm™ 1 0.020

Sokil 1. Standart qatiligls tripsin mahlullarinin UB spektri va onlarin
uygun optiki sixliqlarinin qiymsati
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Alman hidrogellerin va polimer-Me(II)-
ferment komplekslarinin qurulusu 1000-4000 sm™
oblastda IQ-Furye (Varian) ve UB spektroskopik
tisullarla identifikasiya edilmisdir.

Noticalor vo onlarin miizakirasi

Hidrogelloro immobilize olunan BAB-nin
dasiyicidan hansi siiratle ayrilmasi qarsiya
goyulan asas masalalordon biridir. Hamginin
BAB-in ayrilma siiratini tenzimlemak tiglin bir
sira sortlerin mas. hidrogelin sisma daracasini,
miihitin pH-n1, temperaturu ve yaxud kimyevi
torkibi dayismekls BAB-nin ayrilma siirstini
tonzimlamak olar. Bu baximdan tadqiq
olunan isde PVPr-nun ham homopolimerins,
ham das PVPr-Me(ll) komplekslarina tripsinin
immobilizasiya edilmaesi {iglin orta molekul
kiitlesi M,=10 vo 40 kDa olan PVPr-nun 10%
MBAA ile tikilmasinden alinan hidrogellarin
sisma daracasinin pH-dan asilli§1 dyrenilmis ve
naticalar sokil 2-da verilmisdir.

Ni(II) ionlarmmin bioloji vacib mikroelement
kimi tibbi tatbiqinds alverislidir. Hor {i¢ metal
ionunun vasitasile immobilize olunan tripsinin
miqdarinin torkibinde metal ionlar1 olmayan
hidrogel ile miiqayisade artmas: miisahida
olunur. Mis ionunun igtiraki ils hidrogelin
tutumunun ve immobilize daracssinin digear
metal ionlar1 ilo miiqayisede artmasi bas verir.
Bu metal ionunun tobiati, ion radiusu vo elektron
konfiqurasiyas: ilo alagadardir. Masslen, mis
ionlariin istiraki ile tripsinin immobilize
doracasi eyni miqdar hidrogel ilo miiqayisada 50%
artiq olur. Metal ionlarinin istiraki immobilize
olunan tripsinin aktivliyinin ve aktivliyinin
saxlanilma doroacesinin de artmasi bas verir.
PVPr asasli gellars tripsinin immobilize olunmasi
makromolekulun karbonil qrupunun oksigen
atomu ilo ferment makromolekundaki peptid
qruplar1 ils, hamginin ziilal makromolekulunda
olan sarbast amin qruplari arasinda qarsiliqlt
tosir naticasinds hidrogen rabitssinin yaranmasi

hesabina basg verir. Metal ionlarinin

200 immobilizasiyada rolu immobilizs

180 | doracesini artirmaqla beraber, metalgel-

3 160 tripsin kompleksinin davamliliginin

2 140 artmasina sobab olur [10]. Bu da 0z

S 120/ novbesinds dasiyicidaki fermentin qeyd

S 100 olunan gdstoricilorinin yiikselmosine
) .. .

= o0 gotirib ¢ixarir. Moalumdur ki, qanda

§ 60 Cu(Il)-n qatiligr 0.001 mgq/l, Co(ll)-n

2 gtindalik gobulu 7-15 mkq ve Ni(II)-nin

U 40 | . . .

orqanizmde miqdar1 5-13.5 mq toskil

20 edir. Bu hamcinin Co(II), Ni(II) vo Cu(II)

0 w * ionlarinin bioloji vacib mikroelement

0 2 4 6 8 10 12 kimi ds tibbdes istifadasinde alveriglidir.

pH

Sakil 2. PVPr asashi hidrogelin sisma daracasinin
pH-dan asillig1, @ - M, =10 kDa; m - M, = 40 kDa

Orta molekul kiitlesi 40 kDa olan
PVPr-nun metalkomplekslarine tripsinin
immobilizasiyasina aid bazi parametrlarin atrafli
giymeatlari cadvel 1-de gostorilmisdir.

Codval 1-don goriindiiyli kimi PVPr asash
hidrogelin metal ionlar1 ile komplekslari,
torkiblerinde metal ionlarinin miqdarinin az
olmasi ilo secilir. Bu miqdar, Cu(ll), Co(Il) vo

Tadqiq olunmusdur ki, har {i¢ metal ionu
vasitasile immobilize olunan tripsinin
miqdarinin artmasi ilk névbads metal
ionlarmin istirak: ile slagadardir. Gel ila
ferment makromolekulu arasinda korpii
rolunu oynayan metal ionu ferment ils
daha giiclii elektrostatik qarsiliqli tesirde
olur. Miiayyon olunmusdur ki, zaman fermentin
immobilizo olunmasinin az bir hissesi metal
ionlarinin istiraki olmadan, daha ¢ox hissasi iso
metal ionlarinin vasitasi ile bas verir.

Noticalare asason hor iki gelo immobilize olunan
tripsinin miqdar1 uygun olaraq 0.2 ve 0.45 mg/q
toskil edir (codv.2) va tripsinin immobilize olunmasi
ticlin doyma tarazlig1 taqriban 580 daqgiqadan sonra

Coadval 1

PVPr4T asash dasiyicinin metal ionlarina gors xarakteristikasi ve immobilizs olunmus

tripsinin miqdari gostericilari. C

Otripsin

=40 mq/l, V,;=5ml, T=20 °C, t = 24 saat

Metal Me(II), Me(II), C, tripsin, AC,

ionu mmol/q %-1a mq/1 tripsin, mq/1
Cu (1) 0.58 0.37 22.00 18.0 0.360 3.60 72.35
Co (1) 0.52 0.30 23.50 16.5 0.330 3.30 66.70
Ni (IT) 0.54 0.35 22.80 17.2 0.344 3.44 68.80
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Coadval 2

Tabii vo sintetik asasl1 hidrogellar, elaca do PVPr-nun orta molekul kiitlasinin ve metal
ionunu tabiatinin tripsinin immobilizs olunma miqdarina tasirinin naticalari*

. Fermentin immobili.za iOTSA S Nisbi
Dasiyici-hidrogel miqdari, doaracasi, ED /mq’ % aktivlik,
mq/q % %
PVPr 10 kDa, 10% MBAA 0.20 10.00 38 5.24 9.44
PVPr 40 kDa, 10% MBAA 0.45 22.50 51 7.42 11.68
PVPr 40 kDa,10%(t)-Cu(II) 3.60 72.35 92 12.8 20.60
PVPr40 kDa,10%(t)-Co(II) 3.30 66.70 76 9.40 15.36
PVPr40 kDa,10%(t)-Ni(II) 3.44 68.80 85 10.60 17.58
* — reaksiya miiddati 24 saat, sarbast tripsinin aktivliyi 5.50 ED/mq
bas verir. Basqa sozle polimerin orta molekul kiitlosi makromolekulunun  lokal  oblastlarinda

artdigca immobilize olunan tripsinin miqdar1 da
artir. Bu makromolekul zancirinin uzunlugunun
vo tikilmis polimerdoki masamslorin Olgiilorinin
boyiimasi ilo alagedardir [11].

Toabii ve sintetik esasli gellara va poli-N-
vinilpirrolidonun metal gelkomplekslorina
immobilize olunmusg tripsinin bezi gostaricilari
eksperimental olaraq miioyyen edilmis vo tacriibi
naticalar 2-ci cadvalda verilmisdir.

Burada, IOTSA-immobiliza olunmus tripsinin
spesifik aktivliyi, S-aktivliyinin saxlanilma
deracasidir. Cadval 2-don goriindiiytt kimi
orta molekul kiitlesinin kigik oldugu gel
niimunsalorinde immobilize olunan fermentin
miqdarinda yaxin qiymatler miigsahids olunur. Bu
onu gostorir ki, eyni bir homopolimerdan istifade
etdikds orta molekul kiitlasinin yaxin giymatlari
fermentin immobilizasiya gostaricilarindes kaskin
forq yaratmir. Lakin ciizi do olsa onun bioloji
aktivliyine tesir edir. Lakin orta molekul kiitlasi
40 kDa olan PVPr asasli metal-gel komplekslorda
iso immobilizo olunan fermentin miqdar,
aktivliyi ve davamliligi metal ionu olmayan
gel iloe miiqayisada dafalerle artir. Basqa sozle
metal jonu fermentin immobilize deracesini
artirmaqla yanasi onun bioloji aktivliyinin da
yiiksalmoasine soebob olur ki, bu da bu da gel
torkibinds fermentin metal ionu ile davaml
alaqode olmasinin tozahiirtidiir [12].

Har 3 metal ionun vasitasile immobilizasiya
olunan tripsinin miqdarinin artmas: miisahida
olunub. Mslumdur ki, PVPr-nun pirrolidon
hoalqasindaki >C=0O qrupu sulu mohlulda
C=0--(H,O)n formasinda 1655 vo 1625 sm
oblastinda max udma verir. PVPr-nun Me(II)
ionlar1 ilo kompleksi [CuCl,-2L]n qurulusunda
1670 sm™ oblastina siirlisme verir [13], yoni
koordinasiyada karbonil qrupu istirak edir.
Pirrolidon hoalgasindaki ii¢lii N atomunun
spektrinde ise he¢ bir dayisiklik bas vermir.
Amin tursu qaliglarindan ibarat olan tripsinin
189-cu aspargin tursusundaki -NH, qrupu
immobilizasiyada istirak edir. Koordinasion
immobilizasiyanin kigik bir hissesi isa tripsin

yaranan yiik artighiginin metal ionlar1 il slave
koordinasiyasinin yaranmasi hesabina bas verir.
Bu zaman mosslon mis ionu 2-li koordinasiya
halindan 6-l1 koordinasiya halina kegir. Naticoda
fermentin metal ionu ile qarsiliqli tasirinin
quvvetlanmasi bas verir. Bunu model olaraq PVP-
Cu(Il) kompleksins tripsin immobilize olunmus
sistemds 1Q spektroskopiya ilo &yronilmisdir.
PVP-Cu(Ill) kompleksine uygun zolagin 1670
sm-1 oblastindan yeniden sarbast hidrogel iiglin
xarakterik olan zolaga — 1655 sm™ ke¢masila
spektrdo bas veran dayisikliklor bunun aydin
izahin verir [14].

Tripsinin PVPr asasli hidrogela
immobilizasiyan1 daha atrafli dyrenmek iiciin
niimunalarin 50-600 sm™ oblastinda IQ-Furye
spektrlori ¢okilmisdir (sok.3). PVPr asash

705 pyP+Cu

%Transmittance

431.710 766.343

00359 19947
W= 552619 0000

T T W e W N M el
550 500 450 40 350 300 20 200 150 100
‘Wavenumber

220- PVP+Cutrip

78.565 0.000

194,882 2514825

%Transmittance
5]

420060 233321 298538 792041

168,688 0.000

100.187 268,507

50 500 450 400 350 300 250 200 150 100
‘Wavenumber

Sakil 3. PVP-Cu(Il) kompleksinin va
PVP-Cu(Il)-Tripsin uglu kompleksin
600-50 sm™ oblastinda IQ Furye spektri
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hidrogelin IQ-Furye spektrinds asagidaki udma
zolaqlar1 miisahide olunur: 3415, 2955, 2130,
1655, 1291, 931, 648, 576 sm™. Onun Cu(ll) ilo
kompleksindo iso 3419, 2132, 1659, 941, 658
sm-1 zolaglar1 miisyysn olunur. Tripsinin
immobilizasiyasindan sonra iss spektrin
xarakterik zolaqlarindaki dayisikliklar beladir:
3410, 2137, 1655, 1228, 1020, 651, 573 sm™.

PVPr-nin Cu(ll) ils kompleksinds 553,
431, 300, 200 sm™ udma zolaqlar1 miisahida
olunur. Ferment makromolekulu ile amals galan
kompleksds ise yuxaridaki udma zolaglarinda
qisa dalga oblastina siirtismoe bas verir: 545, 420,
298, 194 sm™. Uglii kompleksds 168, 100 vo 78
sm™ oblastlarinda yeni udma zolaqlar1 amsala
golir [15].

Kompleksemalagalmani hamgcinin PVPr-nun
miixtalif pH-larda, model olaraq PVPr-nun sulu
mohlulunda Cu(Il), Co(II), Ni(II) komplekslarinin
va onlarin tripsin ile Ttglii komplekslarinin
UB spektrlarinin tadqiginds Oyranilmisdir.
Komplekslarin ve miiqayise ti¢iin PVPr-nun
miixtalif pH-larda A ,-nin qiymotlori cadvel
3-da verilmisdir.

UB spektroskopik tadqgiqatin naticelorinden
goriniir ki, PVPr-nun miixtelif pH-larda
maksimum dalga wuzunluqlar1 miisayyan
siirligmalarls xarakterizs olunur. Bu polimerdaki
karbonil qrupu atrafinda istor su molekullarinin,
istoarsade  bufer sistemi oamale gatiren
molekullarin hidrogen rabitasi ve ya elektrostatik
qarsiliqli tesir qiivvelari hesabina miixtalif
assosiatlar goklinde kompleks amsalagatirmasi
ila olagadardir. Miiayyen olunmusdur ki,
PVP-nin metal ionlar1 ile komplekslarinin
amoalagalmasi pikin intensivliyinin (udulmanin)

azalmasi — hipoxrom vea boytiik dalga uzunlugu
torafa slirlisme - batoxrom effektlo miisahide
olunur. Metal-polimer komplekslarin tripsin
ilo komplekslarinin emoalagalmasi zamani isa
udulmanin artmas1 — hiperxrom ve qisa dalga
uzunlugu terafe siirlismea - hipsoxrom effektls
miisahida olunur. Digar terafden spektrden aydin
gorliniir ki, kompleksomologolma 4200 — 3400
sm-1 araliginda, A-nin 240-300 nm oblastinda da
bas verir [16].

Moalumdur ki, fermentlorin immobiliza-
siyasindan sonra asas maqgsad onlarin miiayysn
soraitde dasiyicidan ayrilmasinin tadqiqidir.
Bu faktorlar arasinda Onemli olan miihitin
tursulugudur. Ciinki insan orqanizmda va yaxud
istonilan biokatalitik, fermentativ reaksiya pH-in
konkret giymatinda bas verir. Bu baxumdan PVPr
asasli hidrogel ve onun metalkomplekslarina
immobilizasiya olunmus tripsinin pH-in miixtalif
gostoricilorinde yeniden mohlula ayrilmasinin
naticalori Oyrenilmis ve naticaler cadval 4-de
verilmisdir.

Miiayyon olunmusdur ki, metalpolimer
komplekslors immobilize olunmus tripsinin
mohlula ayrilmasina pH-1in tasiri, metal olmayan
dasiyict ilo miiqayise etdikde tamam forqlidir.
Gorlindiiyli kimi orta molekul kiitlasi 10 vo 40
kDa olan PVPr asasli hidrogellarden tripsinin
ayrilmasi pH artiqca artir. Buna sebab pH artiqca
hidrogelin sismo daracasinin artmasidir. Naticoda
hidrogelin masamalarins zsif absorbsiya olunan
tripsinin dasiyiciile qarsiliqh tasiri zeiflayir. Qeyd
edok ki, bu tip fiziki immobilizasiyalar hidrogen
rabitasi, sath qiivvaleri, Vander-Vaals, hidrofob
vo zoaif elektrostatik garsiliqli tesir hesabina bas
verir. Bu sistemds tripsinin immobilizasiyas1

Cadval 3

PVPr, onun miixtalif pH-larda, metal ionlar1 va tripsin ilo komplekslarinin

Apo—1n giymatlori. L kiivet=1 sm, C,y,=1.2x10"* qr/l, Cy,;=0.6 mM, C,; ., =1.1x10° M
Niimunalar o Niimunalar )}1 i Niimunslar )1\11111;;’
PVPr 205.5 Tripsin 204 PVPr-Co(II) 206.2
PVPr-pH 1.68 207 PVPr-Trp-pH 6.7 205 PVPr-Co(Il)-Trp-pH3.56 206
PVPr-pH 3.56 205.3 PVPr-Trp-pH 7.4 205.5 | PVPr-Co(Il)-Trp-pH4.01 205
PVPr-pH 4.01 206.7 PVPr-Trp-pH 8.2 205.5 PVPr-Co(Il)-Trp-pH5.5 208
PVPr-pH 5.5 206 PVPr-Trp-pH 9.4 205.7 PVPr-Co(Il)-Trp-pH6.7 207
PVPr-pH 6.7 205.6 PVPr-Trp-pH 10.5 205.5 PVPr-Co(Il)-Trp-pH7 .4 206
PVPr-pH 7.4 206.7 PVPr-Trp-pH 11 205.8 PVPr-Co(Il)-Trp-pH8.2 207
PVPr-pH 8.2 205.4 PVPr-Cu(Il) 207 PVPr-Ni(II) 207
PVPr-pH 9.4 205.3 | PVPr-Cu(ll)-Trp-pH3.566 | 206.5 | PVPr-Ni(ll)-Trp-pH3.56 | 206.3
PVPr-pH 10.5 205.3 | PVPr-Cu(l)-Trp-pH4.01 205.6 | PVPr-Ni(Il)-Trp-pH4.01 205
PVPr-pH 11 205 PVPr-Cu(Il)-Trp-pH5.5 207.8 PVPr-Ni(II)-Trp-pH5.5 204.6
PVPr-Trp-pH 3.56 | 207.7 PVPr-Cu(Il)-Trp-pH6.7 206.7 PVPr-Ni(Il)-Trp-pH6.7 205
PVPr-Trp-pH 4.01 | 206.7 PVPr-Cu(Il)-Trp-pH7 .4 206 PVPr-Ni(I)-Trp-pH7.4 205.3
PVPr-Trp-pH 5.5 | 204.8 PVPr-Cu(Il)-Trp-pHS8.2 206.6 PVPr-Ni(Il)-Trp-pH8.2 205.7
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Cadval 4
PVP asash dasiyicilara immobilizs olunmus tripsinin mahlula ayrilmasinin
pH-dan asilliq naticalari. V., =5 ml, m4,,i,6,=0.1 qr, T=293 K, #=24 saat

ufer
PVPr-Cu(II) PVPr-Co(II) PVPr-Ni(IT)

M,=40 kDa M,=40 kDa M,=40 kDa

Ct, m, D, Ct, m, D, Ct, m, D,

mq/l mq % mq/l mq % mqg/l mq %
1 | 041 |0.002 | 10.25 | 1.80 | 0.009 |20.00 | 14.6 | 0.290 [80.55| 14.70 | 0.294 | 89.09 | 14.40 |0.288 |83.72
2 | 0.67 [0.0034| 16.75 | 2.60 | 0.013 |28.89 | 14.2 | 0.284 |[78.89| 13.80 | 0.276 | 83.64 | 12.60 |0.252 |73.26
3 | 0.80 |0.004 | 20.00 | 3.70 |0.0185 | 41.12 | 14.0 | 0.280 |77.78| 13.50 | 0.270 | 81.82 | 11.50 |0.230 | 66.75
4 | 1.00 | 0.005 | 25.00 | 4.20 | 0.021 |46.67 | 12.0 | 0.240 |66.67| 11.00 | 0.220 | 66.67 | 8.60 |0.172|50.00
5 | 1.20 | 0.006 | 30.00 | 4.40 | 0.022 |48.89 | 9.50 | 0.190 |52.78| 825 | 0.165 | 50.0 | 6.70 |0.134|38.95
6 | 2.00 | 0.01 | 50.00 | 6.00 | 0.030 |66.67 | 6.50 | 0.130 |36.12| 6.00 | 0.120 |36.36 | 4.50 | 0.09 |26.16
7 | 320 |0.016 | 80.00 | 7.00 | 0.035 | 77.78 | 4.00 | 0.08 |22.23| 3.50 | 0.07 |21.21| 3.00 | 0.06 |17.44
8 | 3.80 [0.019 | 95.00 | 8.40 | 0.042 |93.34 | 250 | 0.05 |13.89| 2.00 | 0.04 |12.12| 225 |0.045|13.08
9 | 1.80 | 0.009 | 45.00 | 7.60 | 0.038 |84.45| 1.00 | 0.02 | 556 | 1.00 0.02 | 6.06 1.05 |0.021 | 6.10

hidrogen rabitesi vo elektrostatik qiivvelarin
tosirilo gedir. pH-in artmasi naticosinds Tripsin-
[NH3]+ClI- formasinda olan azotun miisbatliyinin
miihitin OH- ionlar1 ile neytrallasmasi bas verir.
Noaticados tripsinin yiiksiizlosmasi vo elektrostatik
qarsiliqh tesirin azalmasi bas verir. Tripsinin
immobilizasiyas1 onun yiiklanmis formasinda
bas verdiyindan, yiik neytrallagdigdan sonra
artiq rabites zaiflayir. Naticads tripsin dasiyicidan
ayrilir.

Metal ionu olan dasiyicilardan tripsinin
ayrilmasina pH-in tesiri ise tam aksinadir.
Gortintir ki, pH artiqca tripsinin ayrilma %-i
asag1 diisiir. pH-1n agag1 qiymatlarinda tripsinin
dasiyicidan 80-90% ayrilmasinin sebobi metal
ionlarinin desorbsiyas:i ils slagadardir. pH-in
7-8 qiymoatlerinde metal ionlar1 ile PVPr-nun
kompleksi dayaniqliq sabitinin daha yiiksek
giymoati ile xarakterize olundugundan iicli
kompleks do stabil olur. Bu bir daha metal
ionlarinin kompleksomoagoalmoade korpii rolunu

Me* + [NH,] - Trp =
o]
| n
zN-. c=0

oynadigini siibut edir. Metal ionunun istirak: ilo
immobilizasiyanin sxemini asagidaki kimi tasvir
etmoak olar vo adebiyyat materiallar ils {ist-lista
dugir [13].

Beloliklo tikilmis PVPr hidrogeline vo
onun Cu(ll), Co(Il) ve Ni(Il) komplekslorina
immobilize olunmus tripsin serbast tripsina
nisbaton daha davamlidir. Metal-polimer osaslh
dasiyicilara immobilize olunan tripsinin pH-in 6-8
giymatlarinds davamli kompleks amalagatirmasi
onun heterogen sistemlords, biofermentativ
reaksiyalarda totbiqine osas yaradir. Ciinki
tripsin makromolekulunun hidrolizds istirak
etmayan funksional qrupu ile immobilizasiyas:
aparilir, aktiv morkezlor ise sorbestdir. Bu
formada fermenti uzun miiddet fermentativ
katalizda ziilallarin hidrolizi {i¢iin islatmak olar.
PVPr asash olduqda ise asag1 pH-larda tripsinin
stirotlo moahlula ayrilmasi onun tesir miiddatini
azaltmaqla yanasi, makromolekulun dagilmasina
sebab olur.

Me*  [NH,] -Frp

;
'l \ /
'l
*[CHZ—CH~]— ’
| n
N
[ “c=0
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Iloaydyenmne MeTaaao-reaeBbIX OMOKOMIIA€KCOB C MIOHAMM
Cu (II), Co (II) m Ni (II) moaM-n-BMHNATINPPOANAOHA U
uccaeAoBaHe MMMOOMAN3AN U TPUIICMHOB

I1.3.Tandvizos
HUIIN «Heddreras», SOCAR, Baky, Aszep0OaitaxaH

Pepepar

Metaaaoreaessie kommnaekcsl noHos Cu (II), Co (II) m Ni (II) ruaporeaeit, moaydeHHBIX
IyTeM KOHCTpyuposaHusa noaun-N-suananuppoangona (PVPr) ¢ N, N -mernaenbucakpu-
aamugoM (MBAA) co cpeaneit moaexkyaspaont maccont 10 xJda n 40 xJa. EMkocTs 11oay-
YeHHBIX OMOA0IMYECKN Ba>KHBIX KOMILAEKCOB IT0 MOHAM MeTaA410B cocraBuaa 3.3-3.6 MI/T.
ITpoBeaena MMMOOMAM3a s TPUIICKHA B KOMIIA€KCaX IIOAMMepP-MeTaAaal, a AAs TPUIICOB
MeTaAA0-TeAb KOMIIZ1eKCOB eMKOCTh yBeAudeHa B 7-8 pas, CTelleHb MMMOOMAM3anUN B 2
pasa, a yaeAbHas aKTUBHOCTH pepMeHTa ¢ 38 20 92 EA./mr. brrao obHapy>KeHO, 9TO TPOIi-
HbIE CUCTEMBI IOAUMEep-MeTaAA-TPUIICKH 004a4ai0T OOABIIEl YCTOMYMBOCTBIO K CBA3M,
JeM ABOJIHBIE CUCTEeMBI ITOAMMEP-TPUIICKH, YTO OOyCA0BAEHO CBA3bBIBaHNEM TPUIICHHA C
IIOAMMEPHO CeTKOM MOHaMU MeTaaa0B. Kpome TOTo, CTpyKTypa IOAy4YeHHBIX KOMIIAeK-
cos ngentudunuposana merogamu VIK-Oypre n YO-crieKTpoCKOImu.

Katouesvte caosa: 1moAN-H-BUHUATIUPPOAUAOH; OMOKOMIIAEKC; TPUIICUH; UMMOONANU-
3aLusl.

Poli-n-vinilpirrolidonun Cu(II), Co(II) vo Ni(II) ionlari ila
metal-gel biokomplekslarinin alinmasi va onlara tripsinin
immobilizasiyasinin tadqiqi

S$.Z.Tapdiqov
«Neftqazelmitadqiqatlayihe» Insitutu, SOCAR,
Baki, Azarbaycan

Xiilaso

Orta molekul kiitlasi 10 kDa ve 40 kDa olan poli-N-vinilpirrolidonun (PVPr) N,
N-metilenbisakrilamidlo (MBAA) tikilmesindon alinan hidrogellarin Cu(Il), Co(Il) ve
Ni(II) ionlar1 metal gelkomplekslori sintez edilmisdir. Alinmis bioloji vacib komplekslorin
metal ionlarina gors tutumlari 3.3-3.6 mq/qr olmasi miiayyen edilmisdir. Polimer-metal
komplekslarina tripsinin immobilize olunmas: aparilmis ve metal gelkomplekslarin
tripsine gora tutumun 7-8 dafs, immobilize daracesinin 2 dafeys, enzimin spesifik
aktivliyinin ise 38-don 92 ED/mg-a qoder artmasi miisahide olunmusdur. Miiayyen
olunmugdur ki, polimer-metal-tripsin {i¢lii sistemlari, polimer-tripsin ikili sistemlar ilo
miiqayisoda onlarin rabite davamliligir boyiikdiir, bu ise tripsinin polimer toruna metal
ionlar1 hesabina birlosmasi ile izah olunur. Bununla yanasi alinan komplekslarin qurulusu
[Q-Furye vo UB spektroskopik iisullarla identifikasiya edilmisdir.

Acgar sézlar: poli-n-vinilpirrolidon; biokompleks; tripsin; immobilizasiya.
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MUBOLLIFLOR UCUN
Jurnal korroziya, kimya texnologiyast, materialsiinasliq va.s aktual problemlari haqqinda maqalalar darc edir.
Ovvallar darc olunmams maqalalar gabul olunur. Yalmz konkret eksperimental, nazari va s. kimi naticalari olan masalalar miizakira olunur.
Moaqalalar redaksiyaya elektron formada gondarilmalidir. Miiassisada yerina yetirilon islarin naticalarini ahata edon maqalalor miiassisa rahbarliyi
torafindan imzalanmis moktub ila miisayiat olunmalidir.
Magqala Microsoft Word for Windows, srift élciisii 12 pt, Times New Roman srift ila bir interval masafa ila A4 formatinda cap olunmalidir. Maqalanin
matni (.doc) va grafiki materiallar ayri-ayri fayllarla redaksiyanin elektron iinvanina da gondarilmalidir. Magala matninin carciva dlciilari: soldan — 2.0
sm, sagdan — 2.0 sm, yuxaridan — 3.0 sm, asagidan — 3.0 sm.
Sohifonin ortast ila moqalonin adi, onun altinda miialliflorin inisiallar1 va familiyalari, familiyalarin altinda moaqaloni toqdim edon institutun
(miiassisanin va s.) tam ad, elekton iinvani verilmalidir (bir interval bos saxlamaqla). Sonra xirda sriftla (11 pt) asas matndan bir interval sonra
annotasiya, bir interval sonra acar sozlar verilmalidir. o
Moqala giris hissani (asaslandirma), isin maqsadini, eksperimentin tasvirini, naticalari, onlarin miizakirasini va xiilasani ohata etmolidir. GIRIS,
EKSPERIMENTAL HISS© (EKSPERIMENTIN METODIKASI), NOTICOLOR VO ONLARIN MUZAKIROSI bashqlart olmalidar.
Moagqalanin ardinca ODOBIYYAT SIYAHISI verilmalidir. Sonra miialliflarin inisiallari, familiyalar: va miivafiq dillarda annotasiya verilmolidir. Har
annotasiyadan sonra miivafiq dilda acar sozlar verilmalidir.
Riyazi va kimyavi formullar métarizada arab raqamlari ila, kimyavi birlasmalar isa rum raqamlari ilo némralanir. Yalnz matnda istinad verilan formullar
ndmralanir.
Riyazi formullar kompiiterda kimyavi formullar Chem Draw program il kigik va béyiik harflorin aydin forqlonmasi sarti ilo yigimalidir. Indekslor va
daracalar aid olduglart simvollardan ciddi suratdo yuxarida, ya da asagida yazilmalidir. Yunan alifbast ila isaralor simvol cadvalindan qoyulmalidir.
Moatnda bir kimyavi birlasmanin adi bir dafadon cox xatirlanirsa, birinci dafa onun tam adr va métarizada qisaldilmls adi, daha sonra isa motarizasiz
yalmiz qisa adr gostarilmolidir.
Fiziki 6l¢ii vahidlari g/m?-saat, kkal/mol, kq m-2saat-1 va s. kimi verilmalidir.
Kimyavi birlasmalarin (alkil — Alk, aril — Ar, heterosikl — Het, Halogen — Hal va s.) va fiziki-kimyavi analiz metodlarinin (NMR — niivo-maqnit
rezonansi, MQX — maye-qaz xromatoqrafiyast va s.) isaranlanmasi iiciin standart ixtisarlardan istifada etmak olar.
Miiallif tarafindon qabul olunmus qeyri-standart isaralor va ixtisarlar 6zii torafindan ilk islonma zaman izah olunmalidirlar.
Qrafiki materiallar .jpg formatinda, excel va digar qrafiki proqramlarla hazirlanmissa originali verilmalidir. Sakillordaki isaralar va Glcular matna va
sakilalt1 yazilara uygun olmalidir.
Cadvallarin adi cadvalin ¢argivasina qadar ¢cap olunur.
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ITPABUAA A4 ABTOPOB
2Kyprar newamaen cmamou 10 AKMyarbHUIM NpoOAEMAM KOPPOSUL, XUMULECKOT MeXHOA02UY, Mamepuarosedetiuu u m.0. Cmamvu npuHumaon-
s MOALKO HA AHZAUTICKOM S3bIKe
Ipunumatomes padomot, 1e nybAukosasuirecs paree. OOCyx0amvcs JOAKHBL HOALKO 11e 601POCyl, 110 KOMOPLIM UMEIONCs KoHKpeniHble aKcnepu-
MeHmanvHole, meopemueckue u m.o. pesyAbmanol .
Cmamos doaxna 0bimv npedcmasiera 6 aAekmportoi gopme. Cmamos, UsAA2AI0UWAS Pe3yAbmantvl padomuvl npoedeHHoll 6 yupexdenuu, JOAKHA
UMenb CONposooUNeAbHOE NUCLMO PYKOG0OUNIEAS. A020 YdpexeHs.
OctiosHotl mekccm cmambvi, MAGAULLL 1 NOOPUCYHOUHDIE NOONUCH Heo0xoduMo npedocmasrsimy 6 popmame Microsoft Word for Windows. Ilpu na-
Oope credyem ucnorvsoéambv wpudm Times New Roman ¢ pasmepom 12 nm, unmepsar 1, noas caeeéa — 2.0 cm, cnpasa — 2.0 cm, céepxy — 3.0 cm,
crusy — 3.0 cm.
B cepedutie Aucma npu6odames Hassarue cmamvi, 100 HUM UHUUUAAL U PAMUAUU AEMOPO6, 100 PAMUAULMU NOAHOe HAS6aH e uHcmumyma (npeo-
npusmus u m.o.), npedcmasisiLezo cmamoio, 2Aekmportui adpec. Jaree kpamias anromayus merxum upupmom (11 pt), sanem katouegvie cA064.
Cmamos dorxHa codepxkamo 6600HY0 wacmv (000cHosaHUe), UeAb pabombl, onucarue IKcnepumerma, pesyromamot u saxitouernue. BBEAEHVE,
IKCIEPUMEHTAABHAL YACTb (METOAMKA 9KCIIEPMMEHTA), PE3YABTATBI M X ObCY>KAEHME 6videAsitomcs 3420 A06KaAM1U.
Caedom sa cmamuveii: CIIICOK AMTEPATYPBI. 3amem — unuuuarvt, pamuruu agmopos u Kpamas, aHHOMALus Ha COOMEemcmeyoujux A3okax.
3a HUMU — KATOUesbIe CAOGA.
Mamemamuveckue u xumudeckue GopMyAb HyMepyomcs apadckumu yudpamu 6 Kpyzavx cko0xax, xumudeckue coedurenus — pumckumu. Hy-
Mepy1omces MoAbKO POpMYAbl, HA KONOpble UMEIONICs CCHIAKY 6 THeKcHie.
Mamemamuueckue PopMyAsl JOAKHBL Obimb HAOPAHbL HA KoMnblomepe ¢ nomouybto Microsoft equation 3, xumuueckue popmyrvt — Chem Draw ¢
SICHVIM PASAUMUEM MANGIX U 60AvIUX Oyke. Mndekcol u cmenetiu Q0AXKHV ObIMb HANUCAHDL CIPO2O HUKe, AUOO GLilile CUMBOA0S, K KOMOPLIM OHU
ommocsmes.. 3HaAKU ¢ zpedeckuM arPasumom cmassmes. u3 madAulybl CUMEOAOS.
B cayuae ynomumnanus 6 mexcnie Xumuueckozo coeduteris 6oaee 001020 pasa npu nepeom YnoMuHaHuy npueodumcs ezo noAHoe Haséarue, paoom 6
cko0Kax daemcs 0003HAMeHUe, daree NPUBOOUMCS. MOAbKO 0003HAUeHUe 0e3 CkoboK.
Pasmepriocmu $usueckux 6eAudH 6oipaxaroncs 6 6ude: o/m?-uac, KKAr/MoAb u m.o.
Obuenpunamote cmandapmivie COKPauLeHUs MOXHO UCHOAL306AMb 0ASL 0003HaAUeHUs Xumudeckux coedurenuil (aakur — Alk, apua — Ar, zeme-
poyuxa — Het, earozert — Hal u m.n.) u gpusurxo-xumuueckux memodos anarusa (SIMP — adepro-maznumumuiii pesonarc, [2KX — zaso-kudxocnnas
xpomamozpadust u m.o.).
Hecmandapmitvie, npunsimvie asmopamu 0003HaueHs u coxpauerus, noscHAomcs 6 mexcne npu nepéom ux YnomMuHanuu.
Ipaduueckue mamepuarvt npedocmasAsomes 6 Gopmame jpg AU xKe 6 OpuzUHAAE, eCAU GLINOAHEHDL C MOMOULLI0 Npozpamm  excel uAu opyzux
2paguueckux.
Hasearue madAu1bl neuamaenmcs CHAOULHOIM MeKCIOM 01 HAYANA PAMKY MAOAULLL
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