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Amoxicillin is used to treat infections caused by bacteria, including infections of the ears, lungs, sinus,
skin and urinary tract. Antibiotics those taken by living beings are disposed of from living metabolism as
unchanged or little transformed. Antibiotic traces disposed of can not be treated in conventional wastewater
treatment plants and enter directly to the receiving environment. In receiving environments, low
concentrations of antibiotic traces can cause microorganism resistance increase and high concentrations of
antibiotic traces can cause toxic effects. Therefore wastewaters those includes antibiotic traces have to be
treated. In this study is discussed theoretically possible reaction pathways of amoxicillin, which has a high
toxic effects and is able to dissolve in the water. For this purpose, possible reactions was examined
numerically using Gaussian 09 package software. DFT method was used in theoretical study.
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INTRODUCTION

Antibiotics are currently regularly used in
veterinary and human medicine, and these released
into the aquatic environment pose a potential risk
for aquatic and terrestrial organisms [1]. Recent
studies have focused on the application of advanced
oxidation  processes (AOPs) to  degrade
pharmaceuticals in water, and this approach is
based on highly reactive species such as hydroxyl
radicals to destroy the target pollutant [2]. In
industries, amoxicillin is presently produced
through a chemical coupling process by using a B-
lactam nucleus and appropriate acyl donors.
Chemical coupling of amoxicillin involves the
reaction of an amino p-lactam such as 6-
aminopenicillanic acid (6-APA) usually having its
carboxyl group protected with an activated side-
chain derivative, where the protecting group is
removed through hydrolysis [3]. Waste of
pharmaceutical products is one of the most
important basic risk factors that threaten human
health and ecological balance [4].

In its reactions with organic molecules, OH
behaves as an electrophile whereas O is a
nucleophile. Thus, OH readily adds to unsaturated
bonds while O does not. Both forms of the radical
abstract H from C-H bonds and this can result in
the formation of different products when the pH is
raised to a range where O rather than OH is the
reactant. For example, if an aromatic molecule

* To whom all correspondence should be sent:
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carries an aliphatic side chain, O attacks there by H
abstraction whilst OH adds preferentially to the
aromatic ring [5]. Hydroxyl radical which is the
most reactive type known in biological systems
reacts with every biomolecule it encounters
including water. Potentially, every biomolecule is a
hydroxyl radical scavenger at different speeds [6].
Aromatic compounds are good detectors since they
hydroxylate. In addition, the position of attack to
the ring depends on the electron withdrawal and
repulsion of previously present substituents. The
attack of any hydroxyl radical to an aromatic
compound results in the formation of a
hydroxylated product [7]. In recent years, the
density functional theory (Density Functional
Theory, DFT) based on the methods have become
very popular. Best DFT methods, requires less
power from conventional correlation techniques.

This study investigated theoretically possible
reaction pathways of amoxicillin and a water-
soluble high toxicity. Optimized geometries draw
with  Gaussian calculations were made in
Gaussian09 View 5 software package [8]. DFT
method is used in the program. First amoxicillin
molecule is drawn through Gaussview5 program on
the computer. Then, Gaussian 09 program were
made geometric optimization of the lowest energy
state. Geometric structures have been analyzed and
the bond lengths and bond angles are calculated. In
this way, thanks to this program, which will be
analyzed in greater costs in terms of material and
experimental as more power is intended to calculate
the theoretical.
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COMPUTATIONAL SET-UP AND
METHODOLOGY

Molecular modelling

* Cartesian coordinates of the atoms of a
molecule, the bond lengths, bond angles, and
dihedral angles (the atomic positions);

* Depending on the molecular surface of the
position of the atoms and atomic radii;

* atomic distances, atom types and the energy
derived from the link arrangement

The mathematical expression is called
Molecular Modelling. So theoretically the method
of calculating the properties of molecules and their
behaviour on the computer and is not simulated.
Advances in computer technology advances in
guantum chemistry and molecular modelling have
played a role in use. The first theoretical
calculations were made in 1927 by Walter Heitler
and Fritz London. Molecular Modelling; Physics,
Chemistry, Biology and supporting experimental
work in the pharmaceutical industry or the results
to be obtained from experimental studies are used
to predict.

Methodology

The reaction model used in the computational
part of this study is the reaction between the
amoxicillin molecule and the photo-generated *OH
radicals [9]. Therefore, all the calculations were
based on hydroxyl radical chemistry. Hydroxyl
radicals can react with organic compounds by (i)
hydrogen abstraction from single bonds, (ii)
addition to double bonds, and (iii) one-electron
oxidation, which is mostly loss of water from
hydroxyl radical adducts. The reaction system
under consideration consists of *OH radicals, in
other words open-shell species. It is well known
that open-shell molecules pose severe problems in
guantum mechanical calculations. Hartree—Fock
(HF) methods suffer from spin contamination,
because they are wave function based. In contrast to
the HF methods, density functional theory (DFT)
methods use the exact electron density instead of
the wave function to calculate molecular properties
and energies. Electron correlation, whose absence
is the main drawback to HF methods, is accounted
for in DFT methods. They suffer from spin
contamination less than HF methods and this
feature makes them suitable for calculations
involving open-shell systems. Therefore, geometry
optimizations of the reactants were performed with
the DFT method. The DFT calculations were
carried out as implemented in GAUSSIAN 09 code
[8], using the exchange-correlation functional
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B3LYP, which combines HF and Becke exchange
terms with the Lee-Yang-Parr correlation
functional, in combination with the 6-31G* basis
set. Vibrational frequencies were calculated for the
determination of the structures as stationary points
and true minima on the potential energy surfaces.
All the possible stationary geometries located as
minima were generated by free rotation around
single bonds [10].

RESULTS AND DISCUSSION

Theoretical prediction of the degradation
mechanism

In the search for a plausible mechanism for the
photocatalytic degradation reaction of amoxicillin,
DFT reactivity descriptors were employed to have
information about the most susceptible sites for
hydroxyl radical attack. The hydroxyl radical is a
very active species and has a strong electrophilic
character [11]. Once formed, it can readily attack
the aminotoluene molecule and produce the
reaction intermediates. Fig. 1 shows the optimized
structure of amoxicillin  molecule and the
numbering system that is used throughout the
calculations. The calculated local softness and
Fukui functions are presented in Table 1.

Fig. 1. Optimized structure of amoxicillin and the
numbering system (gray, carbon; red, oxygen; blue,
nitrogen; white, hydrogen; yellow, sulfur).

Three main competing reaction pathways shown
in Fig. 2 were determined by selecting the specific
sites of amoxicillin molecule, on the basis of their
softness values being close to that of the *OH
radical. The predicted mechanism was confirmed
by comparison with the experimental results on
simple structures reported in the literature, as
explained below.
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Fig. 2. Possible pathways for the photocatalytic degradation of amoxicillin.

Table 1. Chemical reactivity descriptors for
amoxicillin and for the *OH radical.

fo s° Ase
S6 0.1489 1.17176 1.6103
C5 0.0457 0.5698 2.6879
N22 0.0311 0.3941 2.9845
N5 0.0269 0.3267 2.8896
N27 0.0265 0.2789 2.9547
c7 0.0274 0.5336 2.5478
C9 0.0368 0.4897 2.6489
H21 0.0258 0.3126 2.9478
H26 0.0121 0.1427 3.0643
H23 0.0048 0.0568 3.1507

OH radical fragmentation reaction is carried out
with the N22 had attacked. OH bond breakage of
the molecular fragments resulting ampiciline 1 (F1)
has been called. Geometry optimization results
obtained is shown in Fig. 3.

Electronegative group NH. group of breakage
caused by penicillin G molecule fragment 2 (F2)
has been called and shown in Fig. 4.

Due to the electronegativity of the oxygen
bound to a benzene ring group of benzene ring was
separated from the resulting penicillin molecule

fragment 3 (F3) has been called. Geometry
optimization results obtained is shown in Fig.5.

Fig. 4. Optimized structure of penicillin G.

Sulfur and oxygen electronegativity due to the
degradation reactions was realized. The smallest
fragment and into the water, which is harmless
substances B-lactam antibiotics has become.
Molecular fragment, 4 (F4) has been called.
Geometry optimization results obtained is shown in
Fig.6.

Degradation of amoxicillin was predicted to
occur through intramolecular B- lactam, ring
cleavages followed by subsequent reactions with
*OH radicals transforming the fragments into
smaller species such as SO4*7, NOs;~ and NH.".
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Energies are shown in the Table 2 of possible
reaction pathways.

Fig.6. Optimized structure of B-lactam.

Table 2. According to the DFT method energy
values.
Energy (kcal/mol)
TAmpicilin -928.330
Penicillin G -893.047
Penicillin -751.029
B-lactam -263.507

CONCLUSIONS

As a result, decomposition, requires further
energy. OH radicals are used to degrade antibiotic
substances in water. As seen in our Fragments
harmful amoxicillin B-lactam is up fragmented and
has become harmless to the environment. Our

objective is that antibiotic substances involved in
the water to break down to the smallest harmless
and to remove the water. This fragmentation
theoretically realized as shown in the results.
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Plants naturally are a rich source of secondary metabolites and novel therapeutic compounds. These compounds are
well known for their various beneficial effects on human health. In this study, variation in total phenolic and flavonoid
contents and antioxidant activities (DPPH radical-scavenging,reducing power, superoxide radical scavenging, hydrogen
peroxide scavenging, total antioxidant activity) of water, acetone and methanol extracts from the Vitis vinifera L. leaves
collected from north Turkey was studied. Results indicated that it wassimilar total phenolic and flavonoid contents of
methanol extract. Total phenolic content varied from 48.67 + 1.15 to 70.87 + 1.15 (mg GAE/g dry wt), and total
flavonoid content ranged from 45.20 + 0.86 to 72.90 + 0.40(mg CE/g dry matters). Furthermore, results indicated that
the extracts have good antioxidant activities. It was concluded that V. vinifera might be a potential source of

antioxidants.

Key words: Flavonoids, Antioxidant activity, Vitis vinifera, Scavenging activity, Phenolic compound.

INTRODUCTION

Free radicals are naturally present in living
systems; however, high amounts of free radicals
can oxidise biomolecules, leading to tissue damage,
cell death or degenerative processes, including
aspects of ageing, cancer, cardiovascular diseases,
arteriosclerosis, neural disorders, skin irritations
and inflammation [1]. Natural antioxidants exist in
the leaves, seeds, roots and fruits of most plants.
These are the most effective free radical scavengers
in living organisms [2].

Vitis vinifera L. (common grape) belong to
Vitaceae family,which fruits have been used as a
food and for wine or beverage production. In
Ayurvedic (Indian) system, grapes leaves are used
as a folk remedy for the treatment of diarrhea and
vomiting. The grape leaves havebeen used to stop
bleeding, to treat inflammatory disorder, pain,
hepatitis, free radical related diseases [3]. The
leaves are composed of wide range of polyphenols
including anthocyanins, flavonoids and also organic
acid [4]. Previous reports showed that leaves, fruits
and juiceof V. vinifera have the hepatoprotective
effect on acetaminophen induced hepatic DNA
damage, apoptosis and necrotic cell death [5]. In
this view, the present study was carried out to
evaluate the antioxidant activity of V. vinifera
leaves.

* To whom all correspondence should be sent:
E-mail: yesimyesiloglu@trakya.edu.tr

EXPERIMENTAL
Plant Material

Fresh grape (V. vinifera L.) leaves were
collected (during February) from Tekirdag,
(Tekirdag, Turkey). Plant materials were washed
with distilled water and dried at room temperature.
For preparation of water extract (WE), 25 g sample
was put into a fine powder in a mill and was mixed
with 500 mL boiling water by magnetic stirrer for
15 min. The extract was then filtered and
evaporated to dryness under reduced pressure and
controlled temperature (40-50°C) in a rotary
evaporator. For the preparation acetone (AE) and
methanol (ME) extracts, 25 g sample was put into a
fine powder in a mill and was mixed with 500 mL
solvent. The residue was re-extracted until
extraction solvents became colorless. The obtained
extracts were filtered over Whatman No. 1 paper
and the filtrate was collected, then solvent was
removed by a rotary evaporator (Buchi R-200,
Switzerland) at 40°C to obtain dry extract. All the
extracts were kept at -20°C and were dissolved in
water or solvent before use.

Determination of total phenolic compounds

Total phenolics in V. vinifera extracts were
determined according to Folin—Ciocalteu method
[6] as described previously [7]. Briefly, 1 mL of the
V. vinifera extracts (25-125ug/mL) was transferred
into test tubes and their volumes made up to 4.6 mL
with distilled water. After addition of 0.1 mL
Folin—Ciocalteau reagent (previously diluted 3-fold
with distilled water) and 0.3 mL 2% Na,COs;

© 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 9
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solution, tubes were vortexed and then allowed to
stand for 2 h with intermittent shaking. The
absorbance was measured at 760 nm in a
spectrophotometer. The total phenolic compounds
in the V. vinifera extracts were expressed as gallic
acid equivalents (GAE) (mg g).

Determination of total flavonoid content

Total flavonoid content was determined by
using a method described by Wang et al. [8] with
minor modification using catechin as standard
flavonoid compound. Briefly, 10 mLof the extract
(1000 pg/mL) or (+)-catechin standard solution (0—
50 pug/mL) was mixed with 1 mL of a 5% sodium
nitrite solution. After 6 min, 1ImL of a 10%
aluminium chloride solution was added and the
mixture was allowed to stand for a further 5
minbefore 10 mL of NaOH (5%) was added. The
mixture was brought to 25 mL with distilled water
and mixed well. The absorbance was measured
immediately at 510 nmusing a spectrophotometer.
Results were expressed as the average of triplicates.
The total flavonoid content was calculated as
catechin equivalents (CE) (mg g}).

Antiradical activity

The DPPH radical scavenging activity of the V.
vinifera extracts was measured according to the
procedure described by Burits, Asresand Bucar [9].
Briefly, 0.1 mM solution of DPPHe in ethanol was
prepared and 1 mL of this solution was added to 3
mL of V. vinifera extracts at different
concentrations (25-125 pg/mL). The mixture was
shaken vigorously and allowed to stand in the dark
at room temperature for 0.5h. The decrease in
absorbance of the resulting solution was then
measured spectrophotometrically at 517 nm against
ethanol. All measurements were made in triplicate
and averaged. The DPPH radical scavenging
activity was calculated usingthe following equation:

Scavenging activity (%)= (A"Aj—Al) %X 100
0

ABTS assay

The ABTSet+ method was based on the
procedure described by Siddhuraju and Becker
[10]. Briefly, 10mg of ABTS was diluted in 2.6mL
of potassium persulfate solution (2.45mM) and
final concentration of ABTSe+ was 7mM. The
mixture was left to stand in dark at room
temperature for 12-16 h before use. The ABTS<+
was diluted to the absorbance of 0.70 + 0.02 and
stocked for off line and on line assays. 1mL of
diluted extract was added with 3mL of ABTSe+
solution and stand in dark at room temperature for
60 min. The absorbance was measured at 734 nm.

10

ABTS scavenging activity is presented as an EC50
value.

Reducing power

Reducing power was determined according to
the method proposed by Oyaizu [11] with minor
modifications [12]. Stock solutions were diluted. A
500 pL sample solution was mixed with 1.25 mL of
0.2 M phosphate buffer (pH 6.6) and 1.25 mL of
1.0% (w/v) potassium ferricyanide. The resulting
mixture was incubated at 50°C for 30 min. After
the addition of 125 mL of 10% (w/v)
trichloroacetic acid, the mixture was centrifuged at
2500x g for 10 min. A 2.5 mL supernatant was
mixed with water (2.5 mL) and 0.5 mL of 0.1%
(w/v) ferric chloride before the absorbance was
determined at 700 nm. In this assay, the presence of
reductants, such as antioxidant compounds in the
sample, causes the reduction of the Fe®*
[ferricyanide complex to the ferrous form.
Standards were used for comparison.

Superoxide anion scavenging activity

Measurement of the superoxide anion
scavenging activity of V. vinifera extracts was
based on the method described by Guo and Wei et
al.[13] with slight modifications Superoxide
radicals are generated in PMS-NADH systems by
the oxidation of NADH and assayed by the
reduction of NBT. In this experiment, superoxide
radicals were generated in 3 mL of Tris—HCI buffer
(16 mM, pH 8.0) containing 1 mL of NBT (50 uM)
solution, 1 mL NADH (78 uM) solution and the
sample solution. The reaction was initiated by
adding 1 mL of PMS solution (10 pM) to the
mixture. The reaction mixture was incubated at
25°C for 5 min, and the absorbance at 560 nm was
measured against a blank. A decreased absorbance
of the reaction mixture indicates increased
superoxide anion scavenging activity. The
percentage inhibition of superoxide anion radical
generation for three parallel measurements was
calculated using the following formula: Inhibition
(%) = [(Ac — As)/Ac] x 100 In this formula, Ac
is the absorbance of control and As is the
absorbance in the presence of the extract or a
standard.

Scavenging of hydrogen peroxide

The hydrogen peroxide scavenging ability of
extracts was determined according to the method of
Ruch et al. [14]. A solution of hydrogen peroxide
(40 mM) was prepared in phosphate buffer (pH
7.4). The concentration of hydrogen peroxide was
determined by absorption at 230 nm using a
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spectrophotometer. V. vinifera extracts (125
pg/mL) were added to 1 mL of the hydrogen
peroxide (40 mM) solution.The absorbance of
hydrogen peroxide at 230 nm was read after ten
minutes against a blank solution of phosphate
buffer not having hydrogen peroxide. The
percentage of hydrogen peroxide scavengedby
extracts and standard solutionswas calculated as
follows: H>O, scavenging activity (%)=
[(Ac — As)/Ac] x 100, where Ac and As are the
absorbance values of the control sample and the test
sample, at particular times, respectively.

Ferric reducing antioxidant potential (FRAP) assay

The total antioxidant activity of the V. Vinifera
extracts was determined according to the
thiocyanate method described by Mitsuda et al. [15]
For stock solutions, 10 mg of extracts was
dissolved in 10 mL deionized water. The solution,
which contains the same concentration of extracts
or standard samples (75 pg/mL) in 2.5 mL of
potassium phosphate buffer (0.04 M, pH 7.0) was
added to 2.5 mL of linoleic acid emulsion in
potassium phosphate buffer (0.04 M, pH 7.0). Fifty
millilitres linoleic acid emulsion contained 175 pg
Tween-20, 155 pL linoleic acid and 0.04 M
potassium phosphate buffer (pH 7.0).0n the other
hand, 5 mL control was composed of 2.5 mL
linoleic acid emulsion and 25 mL, 0.04 M
potassium phosphate buffer (pH 7.0). The mixed
solution (5 mL) was incubated at 37 °C in a glass
flask. At regular intervals during incubation, a 0.1
mL aliquot of the mixture was diluted with 3.7 mL
of solvent, followed by the addition of 0.1 mL of 30
% ammonium thiocyanate and 0.1 mL of 20 mM
ferrous chloride in 3.5 % hydrochloric acid. The
peroxide level was determined by reading the
absorbance at 500 nm in a spectrophotometer. This
step was repeated every 10 h until the control
reached its maximum absorbance value. Therefore,
high absorbance indicates high linoleic acid
oxidation. All data on total antioxidant activity are
the average of triplicate experiments.

RESULTS

Recovery Percent, Total Phenolics, and Flavonoid
Contents

It is well known that phenolics and flavonoids
are the important antioxidant substances that are
obtained from most natural plants.In the present
study, the percent vyield, total phenolics and
flavonoid contents obtainedfrom extracts of Vitis
vinifera are shown in Table 1

The extraction was carried out with three
different solvents, including water, methanol, and
acetone, to obtain extracts from dried plant
material, which will be used in all assays. The
extraction with methanol resulted in the highest
amount of total extractable compounds. The
extraction yields were found to be 118.8, 131.2, and
61.2 mg/g dried leaf for the water, methanol, and
acetone extracts, respectively. These extraction
yields indicated that the solvents used for extract
preparation from V. vinifera leaves showed
different capacities to extract the leaf compounds
and probably different compositions of the extracts.

Among the different leave extracts, the methanol
extract of V. vinifera showed the highest total
phenolic content (70.87 + 1.15 mg GAE/g extract)
when compared to other extracts. Moreover, we
determined the total flavonoid contents of theV.
Vinifera extracts. Flavonoids are important
secondary metabolites in plants with high
antioxidant activity properties.In our study they
wereestimated using the linear regression equation
obtained from the standard catechin curve
(absorbance = 0.013 [CE] x 0.003), r? = 0.9990 as
catechin equivalents per 1 mg of extract (CE/mg
extract). The methanol extract of V. vinifera
showed the highest total flavonoid content (72.90 +
0.40 mg CE/g extract). The total flavonoid contents
exhibited the descending order among: methanol
extract > water extract > acetone extract. In
different studies, various amounts of flavonoids
have been detected in vegetables. For example,
11.88 = 1.46 pg epicatechin equivalent was
detected in the water extracts of chard[16].

Antiradical activity

Antiradical activity of extracts was carried out
by measuring the decolourisation of DPPH solution
at 517 nm. The scavenging effects of extracts on
DPPH increased with the increase in concentration.
The highest inhibition ratio was 55.2% at 125 pg
mL for methanol extract. Ascorbic acid had an
activity of 64.2% at 125 pg mL! and BHA had an
activity of 61.7% (Fig. 1). V. vinifera extracts, on
interacting with DPPH, might have transferred an
electron to it, thus neutralizing its free radical
nature as observed by Oyaizu [11].

ABTS assay

The antioxidant capacity of leaf extracts was
determined by the ABTS method. The antioxidant
ability of V. vinifera extracts to scavenge the blue-
green colored ABTS+ radical cation was measured.
ABTS+ scavenging activity increased with
increasing concentration.

11
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Table 1. Extraction yields and contents of total phenols, total flavonoids in Vitis vinifera extracts.

Extraction .
. ) Total phenols® Total flavonoids ©
Extracts ield® (mg gtdr - )
AT (eAR) (mgg) (CE) (mg g*)
Water extract 118.8 60.33 +0.58 59.87 +£0.23
Acetone extract 61.2 48.67 £ 1.15 4520+ 0.86
Methanol extract 131.2 70.87 £ 1.15 72.90 +0.40

Note: The data are expressed as mean + SD (n = 3). 2Expressed as milligram of extract per gram dry material.
Expressed as milligram of gallic acid per gram dry extract. °Expressed as milligram of catechin per gram dry extract.

The EC50 values ofthe extracts were between
12.3240.16 and 45.87+0.47ug/mL. It was found
that the ABTS+ scavengingactivity of water extract
of chard increased with increasing concentration,
reaching 18.56 +1.77% at 400 ugmL™* [16].
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Fig. 1 DPPH radical scavenging activity of the V.
vinifera extracts. BHA, ascorbic acid and a-tocopherol
were used as reference antioxidants.

Reducing power

The reducing capacity of a compound may serve
as a significant indicator of its potential antioxidant
activity [17]. Fig. 2 shows, the extent of the
reduction, in terms of absorbance values at 700 nm.
The reducing power of V. vinifera extracts was not
concentration dependent and was found to be below
those of ascorbic acid (1.617), BHA (1.042) and
BHT (1.004) at 250 ug mL™t. The extracts showed
lower reducing power than the standards. Reducing
power of extracts and standards decreased in order
of ascorbic acid > BHA > BHT > methanol extract
> water extract > acetone extract. Previous studies
have correlated the reducing capacity of
phytocompounds to their electron-donating ability
[13]. Hence it can be started that the effective
electron (hydrogen) donating ability of the V.
vinifera extracts contributed to the observed overall
antioxidant property.

Superoxide anion scavenging activity

Superoxide radical is known to be very harmful
to cellular components as a precursor of more
reactive oxidative species, such as single oxygen
and hydroxyl radicals. It is considered to play an
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important role in the peroxidation of lipids
[18].Figure 3 shows the superoxide radical
scavenging activity of V. vinifera extracts (50 and
125 pg mL?) in comparison with the same doses of
standard antioxidants BHA, BHT and ascorbic acid.
Ascorbic acid had stronger superoxide radical
scavenging activity than BHA and BHT. The
inhibition of superoxide radical formation by V.
vinifera extracts and standard antioxidants
decreased in the following order: Ascorbic acid
(37.3 %), BHA (9 %), BHT (11.1%), water extract
(18.2 %), acetone extract (28.9 %) and methanol
extract (9.2 %) in presence of 125 pg mL™* test
sample.

Absorbance (700 nm)
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Fig. 2 Reducing power of the extracts from V. vinifera.
BHA, BHT and ascorbic acid were used as reference
antioxidants.
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Fig. 3 Superoxide anion scavenging activity of the
extracts from V. vinifera. BHA, BHT and ascorbic acid

were used as reference antioxidants.
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Hydrogen peroxide scavenging activity

The highest percentage H.O, scavenging
activity of 94.7% was obtained with BHT followed
by a-tocopherol which had 91.4% scavenging
activity. BHA, aceton extract, ascorbic acid and
trolox had 66.95, 50.0, 47.97, 30.68%H,0,
scavenging activities respectively (Fig.
4).Hydrogen peroxide can accept protons (H*) or
electrons and by so doing be reduced to H2O. In a
H,O, scavenging activity, the acetone extract act as
hydrogen peroxide scavengers by donating
hydrogen atoms to reduce the hydrogen peroxide to

50 pgiml BHA 125ug/mL BHT 50 pg/ml Trolox  125pgimL Ascoric B0k 125p9/mL Tocopherdl 12500

Fig. 4 H,O, scavenging activity of the aceton extract
from V. vinifera. BHA, BHT, ascorbic acid, trolox and
a-tocopherol were used as reference antioxidants.

Total antioxidant activity

Total antioxidant activity of V. vinifera extracts
was determined by the thiocyanate method. All of
extracts exhibited effective antioxidant activity.
The effects of same amounts of V. vinifera extracts
of (75 pg/mL) on peroxidation of linoleic acid
emulsion are shown in Fig. 5. The effects on lipid
peroxidation of linoleic acid emulsion of extracts
and standards decreased in that order: water extract
> acetone extract > methanol extract > ascorbic
acid > tocopherol > BHT > BHA. The total
antioxidant capacity of plant extract may be
attributed to their chemical composition and
phenolic acid content.
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Fig. 5 Inhibitory effect of the extracts from V. vinifera
on lipid peroxidation. BHA, BHT, ascorbic acid and a-
tocopherol were used as reference antioxidants. Values
are means = SD (n = 3).

CONCLUSION

The extracts of V. vinifera leaves exhibited
different levels of antioxidant activity in all the
models studied. The results from various free
radical-scavenging systems revealed that the V.
vinifera had significant antioxidant activity and free
radical-scavenging activity. The free radical-
scavenging property may be one of the mechanisms
by which this drug is useful as a foodstuff as well
as a ftraditional medicine. However, further
investigation of individual compounds, their in vivo
antioxidant activities and in different antioxidant
mechanisms is warranted.
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This paper describes application of temperature control to an unstable reactor. A non-adiabatic continuous stirred
tank reactor simulation program was run in Matlab at a predetermined unstable operating point to attain closed loop
performances. Jacket temperature was chosen as a manipulated variable. The simulated program having mass and
energy balances for reactor inlet and cooling system was used to apply proportional control and to design the tuning
parameters of conventional and advance control systems. A sinusoidal set point chance for a small time interval was
introduced to the simulated process, the reactor temperature oscillation with a constant amplitude was monitored for
proportional only control. The numerical value of the proportional controller coefficient that produces oscillatory
system response was varied to rich the well-suited ultimate reactor temperature changes versus time. Ziegler-Nichols
and Tyreus-Luyben evaluation technique was utilized to evaluate Proportional Integral Derivative controller parameters.
Whilst retaining the computational simplicity of Matlab and the conventional control parameter evaluation techniques,
the proposed method was made temperature response to follow an unstable operation set-point successfully. It is
significant to note that integral action in the controller provides saddle point steady-state following without offset even
if the values of the parameters of the system or of the controller change. Self-tuning Proportional Integral Derivative
controller tuning parameters were also evaluated by using the proportional, integral and derivative constants and the
second order parametric system model. The success of the various control actions were compared by using two
performance criterions.

Keywords: Experimental Self-tuning PID application, pH control, kefir yeast, cheese whey

outputs, sensitivity of system parameters,

INTRODUCTION ignition/extinction and interaction of responses

All industrial chemical reactions which are
either exothermic or endothermic require
energy manipulation to maintain a constant
temperature or a predetermined temperature
profile in various types of processes [1].
Exothermic reactions in many industrial
reactors which have the similar characteristic
may have very interesting behaviour to
investigate because of potential safety
problems. A mean conversion of a reactant can
be realized at a single unstable equilibrium
point that can be obtained by determining the
eigenvalues of this system Jacobian matrix [2].
The chemical processes such as exothermic
styrene polymerization reactors are exposed to
various disturbances [3]. To maintain certain
set point in face of load disturbances,
conventional or advance controller must be
applied to a process with well-tuned control
parameters [4-5]. Nonlinear oscillation of

* To whom all correspondence should be sent:
E-mail: seminaltuntas@hotmail.com

may occur for open-loop cases in continuous
stirred tank reactors (CSTR’s). A steady-state
analysis was used to determine operation and
design  parameters effects on CSTR
performance [6]. The processes steady-state
and dynamic characteristic behaviours and the
reactor design parameters were investigated to
improve feedback control efficiency. Several
techniques based on process simulation were
proposed to demonstrate the difficulty of
control at a certain steady-state set point in
some regions of operation [7].

Although the system is simulated by a set of

differential  equations, some applicable
parametric  models which include the
relationship  between  manipulated  and

controlled variables were usually written in
discrete- time domain for advance process
control  applications.  The  parameters
identification of these models is one of the
effective procedures to define the systems in a
certain operation range by utilizing the best
estimates of model degree and all the unknown
variables of operation [8]. There are several

14 © 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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methods including strategies for the tuning of
the conventional controller and the selection of
the best model for control application. A multi-
model control strategy was proposed to identify
the delay without turning the system unstable
[9]. Some researchers improve control
strategies to obtain a better method than
conventional proportional integral derivative
(PID) controllers. Several combined advance
and conventional control were proposed as a
novel PID controller. The performance was
evaluated for the set point tracking and
disturbance rejection [10].

Nomenclature

Ar heat transfer area

aj coefficients of monic polynomial in the z-
domain

bi coefficients of polynomial in the z-domain

Ca inlet concentration of the reactant

C reactant concentration of the reaction
mixture

Cp average heat capacity of the reaction
mixture

E: activation energy

e error

F1 feed rate to the reactor

Kc steady-state gain for three-term controller

Ku ultimate gain

ko pre-exponential for the rate constant

Pu ultimate period

R1 ideal gas constant

TD derivative time

TI integral time

T temperature of the reaction mixture

T1 inlet feed temperature

Tc coolant temperature

Ts temperature set point

r(t) set point at time t

u(t) input variable at time t

us input value at initial steady-state point

Ur overall heat transfer coefficient

VR volume of reaction mixture

p density of the reaction mixture

(-AHR) heat of reaction

y(t) output variable at time t

An objective of this paper is to overcome
the difficulty of feedback control of the CSTR
when it is operated at a saddle point. PID
control action was executed throughout-being
considered the most likely type of control
action for this application. The controller
parameters were estimated using three different
closed loop response tuning criteria for discrete
controllers, viz. those due to Tyreus—Luyben
[11] (denoted by T-L), Ziegler-Nichols [2]

(denoted by Z-N), and the increased gain
approach was combined by considering an
application from [12]. Self-tuning proportional
integral derivative (STPID) control [13-14] was
also achieved by adjusting three tuning
parameters with three-term PID parameters
proposed by Z-N and second order system
model parameters. A controlled auto regressive
moving average (CARMA) model was utilized
and its parameters were determined with
Bierman computation procedure [15] in which
data obtained by enforcing the system with a
pseudo random binary sequence (PRBS).

CONVENTIONAL AND SELF-TUNING
CONTROLLER

The conventional three-term (PID) feedback
control is the highly applied feedback control
strategy because of its robustness, ease of
operation and the lack of specified process
knowledge required for the initial controller
position or velocity form designs. When the
controller parameters have been determined,
sufficient and effective control is usually
obtained by detuning such as increase gain
approach for stability and non-oscillatory
behaviour over the whole range of operating
conditions. The discrete-time equivalent of
three term control action may be written:

ek ) G-

(&)=} ®
Rearranging equation (1)

Au = sge(t) + s,e(t — 1) + s,e(t — 2), (2)
In order to convert the position form of the
PID algorithm into a self-tuning equivalent, the

following equations can be written:
u(t) —us =e[sg+ (sg+51)27 1 + (sg + 51 +
52)27%], ®3)
The properties of the STPID closed-loop can
be varied by placing the poles of the

characteristic equation (T) that is the
denominator of equation (4).

27 by (So+5127  +5,272)

y(©) = [ 1+t,z7 14tz 24tz 73 ]r(t) ! (4)
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The system CARMA type model without
control and the controller coefficients are
defined respectively as:

z71p,
y(t) = [m} u(t) , (5)
So = tl_;1+1 ;oS1= tz_zzml ; Sz = tS;az’ (6)
0 L. o ; (i' . 301 é CIB 4 5 6 73 8 é 10
All the coefficients of the characteristic third reactant concentraton, kmelm
order T polynomial should be user defined. Fig. 1. Phase-plane plot for coolant temperature
They can be initially determined by using the ~ T¢=293K (0: stable nodes, +: saddle point).
system model parameters (a1, a2, bo) and Kc, Tl Table 1. The steady-state solution and the
and TD constants. eigenvalues of the continuous stirred tank reactor.
RESULTS AND DISCUSSION ¥
. . =
To investigate . the Steaqy_Stfate and §"’E The feasible solution of the steady-state equations
unsteady-sta}te behaviour of a adiabatic CSTR, s3 for coolant temperature, Tc=293K
the system is the model obtained from the set = E
of the mass and energy balance equations [16]. =N

The system parameters given in [2] are utilized
as ko = 9703*3600 hr?, (-AHR) = 5960kcal

kmol™, Ex = 11843 kcal kmol?, p*Cp = 500 5 g
kcal m3 K, Ty =298 K, CA = 10 kmol m3, Vr oS ) o

= 1m3, F1 = 1m? hrl, (Ur*Ar*VRr?) = 150kcal -3
m3 K1 hrl, Ry = 1.987 kcal kmol? K. The o < g
jacket and the reactor are assumed to be Rx 88
perfectly mixed and the jacket temperature is = ﬁﬁ Tgf
lower than the reactor temperature, T. The &5
feasible steady-state solutions were obtained o 2
for the coolant temperature of 293 K by means 2 E .
of the fsolve function in Matlab software with _8 ﬁ E

various initial C and T values (see Table 1).
The eigenvalues for the stability of a particular

o

operating point are determined by using the % 8§ B
eig(amat) command in Matlab (see Table 1). = TR §
At a constant coolant temperature of 293K, ©o °F g §
the phase-plane plot was obtained by using 5 ng‘g
ode45 function with many initial conditions 2@ 528
(see Fig 1). In this figure, the feasible high and 2 5o o S 3B
n ™ OF n

low reactor temperature steady-states are also

[P

shown as ‘o’. The intermediate reactor

temperature steady state was presented with the = E E g
symbol ‘+> which is unstable, since all initial 3 R g’:,%? 2
conditions have diverged from it. This saddle o OF §9§
point was chosen as the operation condition of g»,c;,é
CSTR for control cases studied. . E 232
o N8 FSE

o 5 L °o
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Fig. 2. The reactor temperature response of
proportional only control with Kc=0.5 in the face of the
set-point change as 90 sin(600t)
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Fig. 3. PID control of the reaction temperature (the
T-L settings with increase gain applied as Kc¢=22.5,
TI1=1.37min, TD=0.1min).

The conventional controller settings were
estimated based on the continuous cycling
method. To obtain the ultimate gain (Ku) and
period (Pu) at the middle operation point, a
sinusoidal temperature set point change (Ts =
346.3+90*sin(600t)) was introduced to the
closed loop system with various steady-state
gain (Kc) for proportional controller in a short
time interval. The well suited Kc value of 0.5
that produces continuous cycling within a
certain range was found by monitoring coolant
temperature and reactor temperature changes
versus time (see Fig 2). The Ku and Pu values
are evaluated as 05 and 0.6228min
respectively. The Ziegler-Nichols and Tyreus-
Luyben settings were evaluated based on Ku

and Pu values. These numerical values of Kc
multiplied by 100 to obtained the well-suited
increase gain for PID controller.

For the simulation of the closed loop
behaviour of the controlled reactor at the saddle
point, the PID controllers based on the T-L
settings with increase gain (Kc=22.5,
T1=1.37min, TD=0.1min) and the Z-N settings
with increase gain (Kc=30, TI=0.3min,
TD=0.08min) were used. The controlled
temperate of reactor and the manipulated
coolant temperature changes versus time were
shown in Fig 3 and Fig 4 respectively. The
magnitude of temperature sampling time was
1.08s which influences the stability of the
controlled output. Comparison of PID
performances using two different parameter
settings were made by considering set point
following in Figures 3-4. The control algorithm
using the Z-N settings with increase gain were
preferred to bring the reactor temperature to the
set point.

347
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Time, min

; L/‘ N N —————

: 0 10 20 30 40 50 60 70 80
Time, min

o o
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d

. L L . L L
10 20 30 40 50 60 70 80
Time, min

Fig. 4. PID control of the reaction temperature (the
Z-N settings with increase gain applied as Kc¢=30,
T1=0.3min, TD=0.08min)

A pole-placement based STPID algorithm
application was also achieved to obtain better
performance. Firstly, a second order system
transfer function of the CARMA form was
considered. Secondly, the PRBS of the certain
magnitude given in Fig. 5 was applied to the
coolant temperature. The simultaneous input
and output data were obtained for the system
model parameters identification. Finally,
Bierman algorithm in Matlab was utilized to
evaluate the three model parameters as given in
the equation below:

0.00003 u(t—1)

y(t) - 1+0.669z7140.332z72 ' (7)

These system model parameters a1 = 0.669,
a2 = 0.332, bo = 0.0003 and the Z-N settings as
Kc=0.3, T1=0.3min, TD=0.08min were used to
determine the closed loop real denominator
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coefficients as t1=-0.33, t2=-0.337, t3=-0.33 for
the STPID controller tuning. Figure 6 shows
the STPID control of reactor temperature in the
face of an exothermic reaction in unstable
operation condition with t1=-0.33, t,=-0.337
and t3=-0.33 for the CSTR.

For comparison of the performances of the
all controllers applied, the integral square of
the error (ISE) and the integral of absolute
value of error (IAE) criteria were evaluated by
using the following formula:

ISE = Y(T — Ts)?, (8)
IAE = X|T —Ts|, )
;3:2 - o J

Tit me mln
5°°F\_/\_/—ﬂ_/ _\_/X/_\_/_LM
U 5 0.

S¢
4,

J S P

C. kgmote/m’

% 01 o0z 03 o4 TIITg‘smm 06 07 08 09

Fig. 5. The temperature response obtained in the face
of the pseudo-random binary sequence given to the
coolant temperature.
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Fig. 6. Self-tuning PID control of reactor temperature
by using the coolant temperature as the controlling
variable.

Table 2. ISE and IAE values obtained for PID and
Self-tuning PID control of the reaction temperature.

Controller ISE IAE Figure
number

PID with
Tyreus-luyben 29.7 2485 Fig 3
increased gain
PID with
Zlegler—Nlch_oIs 35 727 Fig 4
increased gain
Self-tuning PID
with second ;
order ARMAX 11 67.1 Fig 6
model

Table 2 lists the ISE and IAE criteria values
for each controlled variable response. By using
STPID, improvement in the control is clearly
seen in Fig 6. There is no doubt that the
introduction of STPID reduces the ISE and

18

IAE values for the controlled reactor

temperature response (see Table 2).
CONCLUSION

The modelling equations of the CSTR were
solved simultaneously by using ode45 function
in Matlab. For the identification, the magnitude
and generation of PRBS forcing function was
well-determined for operating conditions of the
system. The simulation result obtained without
control was used for the system model
parameters identification. The PID control
parameters were estimated by using the
proportional control response in the face of a
momentary sinusoidal set point change with
well-chosen amplitude and radian frequency.
Both sets of parameters were found by using
the data obtained in a sort time domain. These
parameters were used successfully to evaluate
the tuning parameters of STPID controller. The
position form of PID and STPID controller
were applied to the CSTR by accepting the heat
release during the reaction as a disturbance of
the system. Although the control was stable in
all cases the STPID action was found to give
smaller closed-loop ISE and IAE values than
the PID action when applied to the CSTR at an
unstable operating saddle point.

For the operating point studied, the
performance of the position form STPID
control have been shown in Fig 6 to be superior
to the velocity form of STPID control results
given in Fig 7. It was found that the
performance of velocity form controller
algorithm was unacceptably poor (see
Appendix A).

Appendix A. Velocity form of STPID control
application to a adiabatic CSTR

,,347 ‘
ot

° 14 . A ”"“""VVUIHHHLII !
" E“0 5 100 150 200 250 300 350 400 450

[emn atu K

Coolant

50 20 250 300 30 40 450

Tlme min
0 F;O 160 15;0 260 2&0 360 35|0 d(IJO 4.‘;0
Time, min
Fig. 7. Velocity form self-tuning PID control of
reactor temperature by using the coolant temperature as
the controlling variable.
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The velocity form STPID control was applied to
the CSTR. The controller tuning parameters were
used as t1 = -0.33, t; = -0.337, t3 = -0.33. Fig 7
shows the reactor temperature response during the
velocity form control application at the unstable
operating saddle point.
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Synthesis, spectroscopic studies and electrochemical properties of Schiff bases
derived from 5-chloro-2-hydroxybenzaldehyde with methyl 2-amino-6-methyl-
4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate

N. Colak!", A. B. Giindiizalp?, S. Mamas?, D. Akkaya?, K. Kaya®

Hitit University, Faculty of Art & Science, Department of Chemistry, Corum
2Gazi University, Faculty of Science, Department of Chemistry,Ankara .
3 Istanbul Technical University, Faculty of Art & Science, Department of Chemistry, Istanbul

Received June 26, 2016, Revised September 10, 2016

Schiff base; methyl 2-((5-chloro-2-hydroxybenzylidene)amino)-6-methyl-4,5,6,7-tetrahydrothieno[2,3-c]pyridine-3-
carboxylate was synthesized by the reaction of methyl 2-amino-6-methyl-4,5,6,7-tetrahydrothieno[2,3-c]pyridine-3-
carboxylate with 5-chloro-2-hydroxybenzaldehyde in excellent yield. This compound was characterized by elemental
analysis, NMR (*H and *C-APT), FT-IR and X-ray diffraction methods. The electrochemical behavior of Schiff base
was investigated using cyclic voltammetry (CV), controlled potential electrolysis and chronoamperometry (CA)
techniques. The number of electrons transferred (n), diffusion coefficient (D) and standard heterogeneous rate constants

(ks) were also determined by electrochemical methods.

Key words: Schiff base, 2-aminothiophene, X-ray diffraction, electrochemical behavior

INTRODUCTION

Multi-substituted 2-aminothiophenes are a kind
of important privileged structures used as a scaffold
to construct a series of natural products. In
particular, 2-aminothiophene derivatives have been
demonstrated in a number of applications such as in
pesticides, dyes [1], agrochemical applications[2,3]
and pharmaceuticals [1,4], anti-inflammatory [5,6],
analgesic, antidepressant, antioxidant [7], antitumor
[8], antimicrobial, antibacterial [9], anthifungal [10]
and anticonvulsant activities [11-19]. Substituted 2-
aminothiophenes are active as allosteric enhancers
at the human Al adenosine receptor [3,20,21].
Some of them are serve as potential some kinase
inhibitors and adenosine agonists [22-25].

Schiff bases are an important class of organic
compounds both synthetically and biologically.
These compounds show antibacterial, antifungal,
anticancer and herbicidal activities [26-29].
Furthermore, it is known that Schiff bases are
utilized as starting materials in the synthesis of
organic or inorganic compounds for industrial
usage. There are many studies on the
electrochemical behaviors of Schiff bases (imines)
by cyclic voltammetry (CV). Their reduction
potentials are dependent on the types of substituent
attached to the aromatic ring [30-34], the size of the

* To whom all correspondence should be sent.
E-mail: nakicolak@hitit.edu.tr

aromatic groups on either sides of the imine (-
C=N-) group [30-32,35] and the amount of intra-
molecular hydrogen bonds [36,37].

In this work, Schiff base: methyl 2-((5-chloro
-2- hydroxybenzylidene) amino) -6-methyl -4,5,6,7-
tetrahydrothieno[2,3-c]pyridine-3-carboxylate was
synthesized by the reaction of methyl 2-amino-6-
methyl-4,5,6,7-tetrahydrothieno [2,3-c] pyridine-3-
carboxylate and 5-chloro-2-hydroxybenzaldehyde.
Synthesized compounds were characterized by
elemental analysis, NMR (*H and *C-APT), ATR
and X-ray diffraction methods. The electrochemical
behavior of Schiff base was evaluated by cyclic
voltammetry (CV), controlled potential electrolysis
and chronoamperometry (CA) techniques.

EXPERIMENTAL

Elemental analysis was carried out Elementar
Vario Cube Pro, Germany. NMR (*H and *C-APT)
spectrum were obtained in CDCl; on a Bruker
Fourier 300 MHz spectrometer. IR spectrum were
measured on Nicholet 6700 spectrometer with ATR
aparatus. Crystal structure of Schiff base was
characterized by using Bruker D8 VENTURE
diffractometer. Voltametric measurements were
carried out with IVIUM Stat Electrochemical
Analyzer.

20 © 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Synthesis of methyl 2-amino-6-methyl-4,5,6,7-
tetrahydrothieno[2,3-c]pyridine-3-carboxylate (1)

A mixture of 1-methylpiperidin-4-one(1.13 g, 10
mmol), methyl 2-cyanoacetate (0.99 g, 10 mmol),
sulfur (0.32 g, 10 mmol) in absolute ethanol (15
mL) and EtsN (1.01 mL, 10 mmol) was stirred at
room temperature for 6 h (Scheme 1) until TLC
showed complete disappearance of the starting
materials. The crude product which precipitated at
the end of the reaction was separated by filtration
[38-40], dried on vacuo and then recrystallized
from ethanol. The chemical analysis gave the
following results: Yield:78 %, m.p. 208-210 °C;
Elemental analysis for CioH1N2O,S: Calc. C,
53.08; H, 6.24; N, 12.38; S, 14.17. Found: C, 52.61,
H, 6.02; N, 12.08; S, 13.97. FT-IR (ATR, cm);
3399-3282 (NHy); 2926 (aliph. C-H), 1699 (C=0).
'H NMR (300 MHz, CDCls, ppm); 8= 5.99 (br, 2H,
NH.); 3.80 (s, 3H, OCHz); 3.41 (s, 2H, CHy); 2.82
(t, 2H, CHy); 2.64 (t, 2H CHy); 2.47 (s, 3H, NCHs).
BC-APT (75 MHz, CDCl;, ppm); 6= 27.26 (C3);
45.44 (NCHs); 50.67 (OCHs); 52.36 (C4); 53.23
(C5); 114.48 (C7); 130.60 (C6); 162.25 (C=0);
166.33 (C1).

Synthesis of methyl 2-((5-chloro-2-
hydroxybenzylidene)amino)-6-methyl-4,5,6,7-
tetrahydrothieno[2,3-c]pyridine-3-carboxylate (2)

To a solution of methyl 2-amino-6-methyl
-4,5,6,7- tetrahydrothieno[2,3-c]pyridine-3-carboxy
late (2.26 g, 10 mmol) in 20 mL of ethanol, 5-
chloro-2-hydroxybenzaldehyde (1.56 g, 10 mmol)
was added dropwise with constant stirring. The
mixture was refluxed for 4 hours and yellow
precipitate was obtained (Scheme 1). Then, the
crude product was dissolved in ethanol and single
crystals for X-ray diffraction studies were grown by
the slow evaporation method. The chemical
analysis gave the following results: Yield: 75%,
m.p. 208-210 °C; Elemental analysis for
C17H17N20sSCI: Calc. C, 55.96; H, 4.70; N, 7.68; S,
8.79. Found: C, 55.74; H, 4.48; N,7.47; S, 8.62.
FT-IR (ATR, cm™): 3050 (Ar-H); 2943 (aliph. C-
H); 1667 (C=0); 1622 (CH=N). 'H NMR (300
MHz, CDCls, ppm); 6= 12.88 (s, 1H, Ar-OH); 8.41
(s, 1H, CH=N); 7.15 (m, 2H, Ar-H); 6.79 (d, 1H,
Ar-H); 3.88 (s, 3H, OCHs); 3.41 (s, 2H, CHy); 2.82

(t, 2H, CHy); 2.64 (t, 2H CH,); 2.47 (s, 3H, NCHs).
13C APT (75 MHz, CDCls, ppm); 8= 26.77 (C3);
45.49 (NCHs); 51.71 (OCHs); 52.12 (C4); 53.98
(C5); 119.14 (C10); 119.88 (C8); 123.77 (C12);
12453 (C2); 129.45 (C7); 130.95 (C13); 133.37
(C11): 134.60 (C6); 153.04 (C1); 157.45 (C9);
159.58 (C=0); 163.34 (CH=N).

X-Ray crystallography

The rod shaped dark orange single crystal of
Schiff base with dimensions 0.05x0.1x0.5mm was
grown by slow evaporation of ethanolic solution.
Crystal was mounted on a micromount and attached
to a goniometer head on a Bruker D8 VENTURE
diffractometer  equipped with PHOTON100
detector using graphite monochromated Mo-Ka
radiation (A = 0.71073 A) and scanned with 1° ®-
rotation frames at room temperature. Crystal
parameters of Schiff base are summarized in Table
1. The structure was solved by intrinsic method
SHELXS-1997 [41,42] and refined by using
SHELXL-2014/7 (Sheldrick, 2014) [43]. ORTEP
drawings with the atomic numbering is given in
Fig. 2. and the crystal packing motif is shown in
Fig. 3. All the molecular drawings were generated
using OLEX2. Ver. 1.2-dev [44]. Thermal
ellipsoids were plotted at the 50% probability level.
Geometric values for the hydrogen bond are given
in Table 2. Selected bond and torsion angles of
molecule are given in the Table 3 (CCDC number
is 1477724).

Electrochemical studies

In voltammetric measurements, glassy carbon
electrode (BAS MF-2012), bulk electrolysis
electrode (BAS MF-1056) and 11 pm-ultramicro
carbon electrode (BAS MF-2007) were used as a
working electrode. A platinum wire was used as the
auxiliary electrode (BAS MW-1032). The reference
electrode was a silver wire in contact with 0.01 M
AgNO:s in dimethylsulfoxide (BAS MF-2052).

The number of electrons transferred (n), the
diffusion coefficient (D) and the heterogeneous rate
constant (ks) of Schiff base were determined by
ultramicro electrode CV technique of Baranski
method and Klingler-Kochi method.
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Scheme 1. Synthesis method of Schiff base
Table 1. Crystal data for Schiff Base
Empirical formula C17H17CIN20sS(FW. 364.85)
T(K) 300(0)
MA) 0.71073
Crystal system (space group) Monoclinic(P 1 21/c 1)
Unit cell dimensions: (A, °)
a,b,c 11.2530(7), 10.4582(5), 28.7130(16)
V(A3) 3379.1(3)
o, B, v 90, 90.289(2), 90
Table 2. H bonding distances
Donor---Hydrogen...Acceptor D--H [A] H--A [A] D--A [A] D--H----—-A
06---H13...N4 0.820(4) 1.884(9) 2.606(12) 2.606(12)
Table 3. Selected bond lenghts (A)
06 Ci5 1.3428(1) Cé C9 1.5030(1) Cl6 C14 1.3742(1)
Cl2 Cl6 1.7428(1) C9 N3 1.4562(1) Cl4 C13 1.4013(1)
N4 C1 1.3743(1) N3 C10 1.4624(1) N1 C28 1.4616(1)
N4  Cl12 1.2813(1) Cl5 C17 1.3859(1) C23 02 1.2003
Cl1 s2 1.7421(1) Cl7 C18 1.3779(1) C23 01  1.3318(1)
S2 C6 1.7225(1) Ci18 Cl6 1.3775 01 C24 14418
Table 4. Selected bond and torsion angles (°)
bond angles (°) torsion angles (°)
S2 C1 c2 111.14 N1 c27 C25 C20 -51.8(2)
S2 C6 C5 113.09 C20 C19 C22 1.1(2)
N1 c27 C25 111.03 c21 02 C23 o1 -179.0(3)
N1 C26 C19 110.28 c22 N2 C29 C30 -175.7(2)
C23 02 01 30.18
c21 C23 02 123.83
Cc23 o1 C24 116.44
c4 05 C3 114.52
Table 5. Reduction peak potentials (E,°, V) of Schiff base at different scan rates
0.01 V/s 0.05 V/s 0.1V/s 0.5VI/s 1Vis 5VI/s
-1.15 -1.17 -1.19 -1.20 -1.21 -1.28
-2.14 -2.15 -2.17 -2.18 -2.19 -2.21
-2.60 -2.62 -2.64 -2.66 -2.69 -
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Table 6. Electrochemical results of Schiff base*

D UME n n ks
(cm?/s) x 107 Limit current ( Baranski (Bulk (cm/s)x10*
D + ts"AN (i. A)x10%° method) electrolysis) ks + ts/YN
8.85+0.08 2.95+0.02 1.96 £ 0.01 2.01 £0.01 9.12+0.05

*Results are average of three measurements and standard deviation.
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Fig. 1. *H(left side) and *3C-APT (right side) NMR spectrum of Schiff base.



N. Colak et al.: Synthesis, spectroscopic studies and electrochemical properties of Schiff bases derived from .....

RESULTS AND DISCUSSION
Structural characterization

'H NMR spectra of methyl 2-((5-chloro-2-
hydroxybenzylidene)amino)-6-methyl-4,5,6,7-tetra
hydrothieno[2,3-c]pyridine-3-carboxylate ~ shows
the following signals in CDCl; solution. The peak
observed at 12.88 ppm is the characteristic of intra-
molecular hydrogen bonding of enolic proton (Ar-
OH). The signal of imine (CH=N) hydrogen is
observed at 8.41 ppm [45]. The signal of the
aromatic protons are observed at 7.15 ppm and 6.79
ppm, respectively. The signal appearing at 3.88
ppm are corresponds to the methoxy (OCHs)
protons, the signals at 3.41 ppm, 2.82 ppm and 2.64
ppm are belong to CH; protons of piperidine ring,
the signal at 2.47 ppm may be attributed to the
methyl group bounded to nitrogen in piperidine. In
APT spectra, we observed signals at 26.77 (C3),
52.12 (C4), 53.98 (C5), 119.88 (C8), 123.77 (C12),
12453 (C2), 129.45 (C7), 134.60 (C6), 153.04
(C1), 159.58 (C=0), 163.34 (CH=N) correspond to
positive phases and the signals at 45.49 (NCHa),
51.71 (OCHs), 119.14 (C10), 130.95 (C13), 133.37
(C11), 157.45 (C9) correspond to negative phases,
respectively. These results is coherent in the
literature knowledge. H and ‘*C-APT spectrum of
Schiff base are given in Fig. 1.

Crystal structure

According to crystal data (Table 1), -C=N-
double bond distance of the imine moiety of 1.281
A (1) is close to corresponding literature values
[46]. The molecule is stabilized by medium
strength intra-molecular hydrogen bonding that
occurs between hydroxyl proton and imine nitrogen
as shown in Fig. 2 and Table 2. The angle between
the planes forming thiophene ring and phenyl unit
is only 6.57° which shows that two units are nearly
on the same plane. The piperidine ring exhibits a
slightly distorted chair conformation [47]. Crystal
packing of Schiff base is exhibited in Fig. 3,
selected bond lenghts (A), bond and torsion angles
(°) are given in Table 3 and 4.

Electrochemical behavior

The electrochemical behavior of Schiff base was
evaluated by cyclic voltammetry (CV), controlled
potential electrolysis and chronoamperometry (CA)
techniques. The cyclic voltammogram of Schiff
base was taken at different scan rate (0.01-5 V/s) as
seen in Fig.4. Schiff base is also electrochemically
active and its reduction potetials (E;°) are given in
Table 5.
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Fig. 2. The labeled diagram of asymmetric unit (intra-
molecular hydrogen bonding)

r 2 oV N s %%l 2 .
A5 ' Y fiﬁy;}lf o)

, s ®
D e e e SR L c S o
% K, ’}_&Jjﬁ«@' ?2';2

r"’g " lm&?

Fig. 3. Crystal packing of Schiff base (hydrogen atoms
are omitted for clarity)
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Current, nA
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Potential, V
Fig. 4. Cyclic voltamogram of Schiff base in DMSO
containing 0.1 M TBATFB on glassy carbon electrode at
a scan rate of 0.01 Vs (vs. Ag/Ag*)

The number of electrons transferred (n) and the
diffusion coefficient (D) related with the diffused
amount of compound to the electrode surface were
determined (Table 6) by using ultramicro electrode
and chronoamperometry methods [48-50]. The
heterogeneous standard rate constant (ks) is also
found by Klingler-Kochi method (as seen Table 6).
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The scan rate, reduction peak potential (E,°) and
peak width (Ep) affect the value of ks [51-54].

The electrochemical studies show that the
electron transfer follows electrochemical reduction
(EC) mechanism. It is supposed that EC mechanism
occurs over 2e" transferring through imine (-CH=N)
group. The action mechanism of Schiff base can be
useful for pharmacokinetic and pharmacodynamic
purposes in biological systems as drugs.

CONCLUSIONS

Schiff base has been synthesized by the reaction
of methyl 2-amino-6-methyl-4,5,6,7-tetrahydrothieno
[2,3-c]pyridine-3-carboxylate with 5-chloro-2-
hydroxybenzaldehyde and characterized by elemental
analysis, ATR, *H and *C APT methods. Crystal
studies show that our molecule has intra-molecular
hydrogen bonding between hydroxyl proton and
imine nitrogen atoms.

Based on the electrochemical results, the
reaction mechanism of Schiff base can
conveniently be claimed as electrochemical
reduction (EC) mechanism. The number of
electrons transferred calculated with the use of
UME is in good accordance with the number of
electrons determined from bulk electrolysis. The
electron transferred follows EC mechanism which
contributes to the suggestion of the biochemical
behavior of Schiff base.

Acknowledgments: We thank for financially
supported by Hitit University (No.
FEF19004.13.001).
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Corrosion is explained as metal or alloy changes by chemical or electrochemical process or physical changes
because of environmental effects. Corrosion occurs with oxidation and reduction reactions. In this study, Some general
informations were given in the introduction section. And then, monomer synthesis, conducting polymers,
nanocomposites, copolymers, and applications of corrosion protection performances were examined as a review article

in recent papers.
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INTRODUCTION

We introduce the some formulas, which are used
in corrosion science as shown in Table 1. P is the
protection efficiency (PE %) [1]. io is the current
density of an uncoated film, and i is the current
density of the coated film. Ccor is the corrosion rate
(CR mmy?) [2]. EW shows equivalent weight
(9/eq), A is surface area (cm?), and d represents
density (g/cm?®). Similarly, corrosion rate was also
calculated using the following expression

Reorr = 0.032X%igorxMxnxd , (1)

where icorr defines corrosion current density, M
is molar mass (g/mol), n represents charge number,
and d is density of tested metal (g/mol).
Polarization resistance (R,) was obtained by
applying the Stern-Geary formula [3].

Rp= (BatBc)/2.303 Xicor (BatPc), 2)

where icor is corrosion current density Ba denotes
Tafel slope of the anode and P is the Tafel slope of
cathode. Cs, was obtained from Nyquist plot [4],
which was obtained from the slope of a plot of the
imaginary component (Z") of the impedance at low
frequency (f), where n=3.14, f=0.01 Hz and Z" is
the imaginary impedance.

Table 1. Some formulas are used in corrosion science.

P= (Io-l) /Io x100 Ccorr: 0.13Xicorr(EW) / Ad

Reorr = Rp: (B3+BC)/2303 Xicorr
0.032XicorerXnXd (B3+BC)
Cep= -1/ (2xmxfxZ") Ca=1/1Zl

* To whom all correspondence should be sent:
E-mail: mates@nku.edu.tr

Ca was obtained from Bode-magnitude plot [5],
which gives the extrapolating line to the logZ axis
at w=1 (logw=0).

Monomer synthesis for corrosion protection
performances

Rodriquez et al [6] have studied cationic
polymerization of N-vinylcarbazole, initiated by
PhsC* AsFs and PhsC* PFg in methylane dichloride
at 20 °C and 0 °C. In addition, novel coral-like
polyaniline  sub-micrometer  particles  were
synthesized by chemical polymerization. The
obtained conductivity of PANI can obtain 2.7 Scm™?
[7]. 4-methylcarbazole-3-carboxylic acid was
synthesized electrochemically on a stainless steel
(316L) surface with lithium perchlorate/acetonitrile
as the supporting electrolyte [8]. The corrosion
performance of poly(4-methylcarbazole-3-
carboxylic acid) (PCz) was examined by
potentiodynamic polarization curves, open circuit
potentials, and electrochemical impedance
spectroscopy. The results show that PCz has an
effective anodic protection in corrosive test
solution. 4-2(Thienyl) benzenamine (TBA) was
synthesized by a simple method by Shahhosseini et
al [9]. Structure of the synthesized monomer was
characterized by IR, 'H-NMR, GC-MS and
elemental analysis techniques. The TBA monomer
was electrochemically synthesized in acidic
aqueous solution by CV method. The corrosion
tests in 3.5 wt % NaCl solution was performed by
potentiodynamic polarization test and EIS. The
results of PTBA were obtained to show enhanced
corrosion protection effect on stainless steel
electrode compared to PANI and polythiophene.
Michel et al [10] have studied to test the controlling
the concrete-reinforcement interfacial conditions.
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This study focuses on the relation between
macroscopic damage at the concrete-steel interface
and corrosion initiation of reinforcement embedded
in plain and fibre reinforced concrete.

Conducting polymers for corrosion protection
performances

PANI are mostly used in corrosion protection of
metals. Mostly, electropolymerization method was
used to polymerize of the monomer due to its
economical process [11]. It is necessary to
passivate the metal before the
electropolymerization method [12]. PANI has a
large amount of amine and imine functional groups,
which can interact with metal ions [13]. Grubac et
al [14] have studied the reactive surface of Mg
alloy which was coated with the nontoxic
biocompatible polypyrrole film synthesized by
electrochemical oxidation from an aqueous
salicylate solution. The chemical polymerization of
polyaniline (PANI) on cellulose fiber is used for
various applications [15]. PANI by itself has poor
mechanical properties but, by incorporation of
micro or nanoparticles, its physical properties can
be improved. The cellulose / PANI composite
combines the properties of cellulose and conducting
polymer of PANI, having application in corrosion
protection of metals [16, 17]. Polyaniline (PANI),
Polypyrrole (PPy) nanofilms, PANI/TiO, and
PPy/TiO, nanocomposites were synthesized
electrochemically on Al1050 electrode [18]. Perrin
et al [19] have synthesized PANI dispersions
consisting of 270 to 380 nm sized particles which
were obtained by oxidation with ammonium
peroxydisulfate (APS) in n-dodecylphosphonic acid
(DPA) micellar solutions.

Bilal et al [20] have reported a sophisticated
emulsion polymerization route for the synthesis of
PANI. They work with two dopants i.e.,
dodecylbenzenesulfonic acid (DBSA) and sulfuric
acid (H2SO4). Potentiodynamic measurements show
that coatings of PANI can supply extra ordinary
resistance to the steel surfaces particularly against
the harsh corrosive environment of the oceans. In
literature, a novel polyurea containing oligoaniline
pendants (PU-p-OA) was synthesized by one step
reaction way [21]. The inhibition effect of the
electroactive PU-p-OA coatings on the cold rolled
steel (CRS) in 5 wt % sodium chloride solution was
examined by Tafel plot analysis and EIS method.
Diidiikcii et al have prepared  poly(5-
nitroindole)(P5NI) on 316L stainless steel (SS)
[22]. P5NI coating against SS corrosion was
studied in 3.5% NaCl solution by EIS, anodic
polarization and the open circuit potential time
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(Eocp-t) diagrams. Billaud and co-worker [23] and
Xu et al [24] studied the tests of polymerization of
5-nitroindole and showed that poly(5-nitroindole)
films have easily electrodeposited by direct anodic
oxidation of 5NI when certain conditions were
applied. Polyaniline doped a phosphomolybdic acid
was synthesized on stainless steel (SS304) by
electropolymerization method [25]. The corrosion
resistance of the coating was used in 1 M H,SO4
solution by electrochemical methods.

Recently, the inorganic materials added to the
PPy coatings improved the mechanical and barrier
properties of the coatings as corrosion inhibitor
hosts [26-28]. Lei et al [29] have studied the
polypyrrole films which were deposited on copper
from “green” inhibitor of phytic acid solution for
corrosion protection of copper. As a result, PPy
coating prepared in the phytic acid solution at pH 4
show the most protective property against copper
solution. Corrosion protection behaviour of poly(N-
methylpyrrole) coated steel was examined in 0.5 M
HCI solution by potentiodynamic polarization and
EIS methods [30]. The results indicate that the
P(NMPy)-DS coating supply effective protection
for the stainless steel against to corrosion because
of the fact that the large negatively charged dodecyl
sulphate dopant in the polymer structure
electrostatically repels corrosive chloride ions and
delays their access to metal surface. A novel
electroactive hyperbranched poly(aryl-ether keton)
with oligoaniline segments has been synthesized by
K>COs-mediated nucleophilic aromatic
polycondensation [31].

In literature, polycarbazole, polycarbazole/
nanoclay and polycarbazole/Zn nanoparticles were
chemically and electrochemically synthesized on a
stainless steel (SS304) electrode [32]. The modified
films was performed on SS304 by open circuit
potential monitoring, potentiodynamic polarization
and electrochemical impedance spectroscopic
measurements to test the corrosion protection
efficiency against 3.5 % NaCl solution. The highest
protection efficiency (PE= 99.81%) was found for
chemically synthesized PCz films. In literature,
carbazole and N-vinylcarbazole were
electrochemically polymerized in copper electrode
and corrosion ability was studied in 0.5 M NaCl
solution [33]. Strong adherent electro-active
polymer films of poly(N-vinylcarbazole) (PVCz)
and its nanocomposites with P(VCz)/nanoclay and
P(VCz)/Zn nanoparticle have been electrodeposited
on stainless steel (§S304) by chronoamperometric
method using 0.3 M oxalic acid/butanol solution
[34]. Conducting polymers have been extensively
studied as protection for corrosion of metals in
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recent years. Previous research on the corrosion
protective properties of some conducting polymers
is listed in Table 2.

Diidiikcii et al [40] have studied the use of
electrochemically synthesized polyindole (PIN)
film, which was investigated for protective coating
on 304 stainless steel. Corrosion tests demonstrated
that PIN coating had important barrier effect to SS
for significant immersion times in aggressive
medium.

Thiophene, 3-hexylthiophene and its
nanocomposites with TiO, were electropolymerized
on AI1050 electrode by chronoamperometric

technique [41]. Tiikken et al [42] have
electropolymerized  poly(thiophene) on nickel
coated mild steel (MS) electrode, in LiClO4

containing acetonitrile medium (ACN-LiClO4). The
nickel coating showed like a physical barrier and
supplied some protection to MS against corrosion.
The corrosion behaviour of PPy/PTh film coated
copper was tested in 3.5% NaCl solution [43]. EIS,
anodic polarization curves and open circuit
potential-time (Eoce-t) diagrams were examined.
The PPy/PTh coating provides important protection
against copper corrosion for  considerable
immersion times. Silva et al [44] have studied the
effect of thermal annealing of poly(3-
octylthiophene) (P3OT) coatings on the corrosion
inhibition of stainless steel in an NaCl solution.

Nanocomposites for corrosion protection
performances

Poly(vinylacetate) (PVAc) coating over carbon
steel was prepared by addition of emulsion
nanoparticles in different concentrations (1%, 2%
and 1.5%) in PVAc [45]. 2% of PANI/TIO;
nanocomposite in PVAc has the best corrosion

protection in HCIl. The growth of conducting
polymers in the interlayer region of the clays has
shown to dramatically improve the properties of
conducting polymers [46]. Polypyrrole / Ni
organic-inorganic hybrid materials  were
synthesized by electrochemically on carbon steel
(AISI 1018) by combining potentiostatic and
potentiodynamic methods [47]. Ashassi-Sorkhabi et
al [48] have studied the effect of co-incorporation
of a kind of nanomaterials and organic additives in
a polymer matrix coating on corrosion performance
of St-12 steel. Sonoelectrochemically the PPy, PPy-

chitosan, PPYy/MWCNTSs and
PPYy/MWCNTs/chitosan films were studied on the
base alloy.

The results show that PPy/MWCNTSs/chitosan
nanocomposite coating shows better corrosion
protection than others. Valenga et al [49] have
synthesized polypyrrole/Zn nanoparticles hybrid
nanocomposites and used them as additives in an
epoxy paint to protect SAE 1020 carbon steel from
corrosion.

Alhummade et al [50] have investigated the
polyetherimide-graphene  composites  (PEI/G)
which is used in corrosion inhibition coatings on
copper substrates. In literature, a soluble terpolymer
of aniline, 2-pyridylamine (PA) and 2,3-xylidine
(XY), poly(AN-co-PA-co-XY) and its
nanocomposite with ZnO nanoparticles were
chemically synthesized by oxidative polymerization
method with ammonium persulfate as an oxidant
[51]. Polyaniline (PANI) and its nanocomposites
containing TiO2, Ag and Zn nanoparticles were
electrocoated on an AIl1050 electrode by cyclic
voltammetry [52].

Table 2. Corrosion properties of some conducting polymer films obtained from literature.

Polymer Measurgment Solution Results
Technique
PPy doesn’t provide anodic
Impedance protection of mild steel electrode.
PPy s ectr%sco H2S0. After short immersion time, PPy has
P Py in contact with H»SO, become
undoped [35, 36].
Corrosion of copper electrode
occurs for synthesis from aniline in
PANI Tafel extrapolation H2S04 presence of H,SO4 or from aniline
sulphate without using H2SO4 in the
reaction medium [37].
Potentiodvnamic The corrosion resistance of the
PPy Y H2S04 substrates was reduced after longer
method - N
immersion times [38].
EIS and anodic LicloJac " Th top coat was improved the
PTh S barrier  efficiency and anodic
polarization curves N

polarization curves [39].
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Copolymers for corrosion protection performances

Govindaraju et al [53] have studied the
corrosion  performance of zinc  modified
poly(aniline-co-pyrrole) coatings in 1 M HCI
solution, using potentiodynamic polarization and
EIS techniques. The interfacial co-polymerization
of aniline and m-aminobenzene sulfonic asit in the
presence of Cloisite 30B was performed in Sc-
COj/water to  produce the  SPANI-clay
nanocomposites [54]. Ozyilmaz et al [55] have
studied zinc-iron-cobalt (ZnFeCo) particles which
were electrochemically deposited on carbon steel
(CS) electrode applying current of 3 mA with
chronoamperometric technique. They have studied
poly(aniline-co-o-anisidine), poly(aniline-co-
pyrrole),  poly(aniline-co-N-methylpyrrole) and
poly(o-anisidine-co-pyrrole) copolymer coatings in
3.5% NaCl solution which was investigated by
using AC impedance spectroscopy (EIS) technique,
anodic polarization and the Eocp-time curves. As a
result, copolymer films showed important physical
barrier on ZnFeCo plated carbon steel, in longer
exposure time. In addition, poly(aniline-co-o-
bromoaniline) copolymer has been synthesized
using chemical oxidation method in HCI medium
[56]. The electrical conductivity of the copolymers
is found in the range of 10®° Scm™. These organic
semiconductor materials are used in optoelectronic
devices that will replace the conventional inorganic
semiconductors. Raotole et al [57] have studied
poly(aniline-co-anisidine) (PAOA) coatings, which
were used as corrosion protection on mild steel.
The results of the potentiodynamic polarization
measurements indicated that the PAOA coatings
had more effective corrosion protection to mild
steel than the respective homopolymers. Gopi et al
[58] have studied the electrochemical synthesis of
poly(indole-co-thiophene) copolymer on low-nickel
stainless steel (LN-SS) with CV method in
acetonitrile medium containing lithiumpercholarate.
As a result, a 1:1 ratio of indole to thiophene
obtained the most stable and corrosion protective
copolymer coating. Gopi et al [59] have studied the
methacrylate based copolymers which have been
synthesized by free radical solution polymerization
technique from different mole ratios of N-
vinylcarbazole and glycidyl methacrylate.

Apptication of corrosion protection performances

There are many metals, such as iron and its
alloys which widely used in corrosion resistance in
various neutral and aggressive environments [60,
61]. Polycarbazoles have been used in many areas,
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such as electroluminescent devices, sensors, redox
catalysts, and electrochromic displays [62-64]. Lei
et al [65] have studied the effect of benzotriazole
addition on polypyrrole film formation on copper
and its corrosion protection. In 400 h of immersion,
copper dissolution was protected with 80%
inhibition efficiency relative to that of bare copper.
Aravindan et al [66] found that after 300 h of
immersion period, the Cu-PPy coating prepared
from a solution containg 1:4 water to methanol
volume ratio showed a better corrosion protection
to SS than coatings prepared from other
compositions.

Magnesium and its alloys are used in the
applications, such as aerospace and automotive
industry because of their excellent properties, such
as high damping capacitiy, castability, weldability
and recyclability [67]. The big problem is to have
their high corrosion susceptibility [68, 69].
Electrochemically synthesized PPy coating on
AZ31 magnesium alloy in a solution containing
sodium salicylate and monomer of pyrrole through
CV technique. Ma et al [70] have investigated the
mechanism for localised corrosion in AA 2029-T83
alloy during immersion in 3.5 % NacCl solution. A
model is suggested to explain the development of
the localised corrosion in the alloy by taking into
account heterogeneous plastic deformation during
cold working and preferential precipitation of T1
phase at crystallographic defects within deformed
grains. Polymer alloys show excellent coating
properties. Palraj et al [71] have studied the
corrosion  resistant  interpenetrating  polymer
networks (IPNs) were synthesized from immiscible
resins (epoxy, silicone and thiophene).

CONCLUDING REMARKS

In this review article, new synthesis of
monomers,  polymers,  nanocomposites  and
copolymers have used for corrosion protection on
potential usefulness of other cheap metals or alloys
in various medium. New monomer synthesis and
new conducting polymer or nanocomposites or
copolymer synthesis are important effect for
corrosion synthesis are important effect for
corrosion protection. Therefore, we analyze which
material affect to this process.

Acknowledgments: Authors acknowledges to
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A comparative DNA binding study for heteroleptic platinum (I1) complexes of pip
and hpip
U. Yildiz", B. Coban
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Received August 25, 2016

In this study, G-quadruplex DNA (Q-DNA) binding abilities of two platinum complexes ([Pt(bpy)(pip)]J(NO3). (1)
and [Pt(bpy)(hpip)](NO3)2 (2) (bpy is 2,2"-bipyridine; pip is 2-phenylimidazo[4,5-f][1,10]phenanthroline; hpip is 2-(2-
hydroxyphenyl)imidazo[4,5-f][1,10]phenanthroline) those previously reported were compared with double stranded
DNA (ds-DNA) binding abilities. The interactions of both derivatives with human telomere Q-DNA (both the
antiparallel basket and the mixed-hybrid G-quadruplex) and ds-DNA have been comparatively studied by UV-visible
(UV-Vis), fluorescent intercalator displacement (FID) assays and thermal melting methods. The results show that both
derivatives can stabilize Q- DNA and they show different binding affinities for different Q- DNA and ds-DNA. All
spectroscopic studies have shown that the derivatives have a modest selectivity for Q-DNA vs ds-DNA. Increase in
melting temperature was detected for both DNA forms but increase in Q- DNA melting temperature was significantly

higher.

Keywords:Pt(I1); G-Quadruplex DNA; ds- DNA; DNA binding

INTRODUCTION

Guanine-rich regions of genomic DNA are
suggested to fold into non-canonical secondary
structures known as G-quadruplexes (GQ). GQs are
formed by m-n stacking of G-quartets, which are
composed of four planar guanines held together by
Hoogsteen hydrogen-bonds. Since the demon-
stration of G-quadruplexes and G-tetraplexes
telomeric DNA [1-3], the conformations and
functions of G-quadruplexes have gained
considerable research interest [4]. During the
replication in normal cell proliferation, telomeres
erode by about 100 bp with each cell division
which finally triggering cellular senescence [5, 6].
However, in most cancer cells, telomere cannot be
shortened because of high telomerase enzyme
activity. The formation of stable G-quadruplex
from G-rich strands of telomere inhibits catalytic
functions of the telomerase enzyme. Therefore,
molecules those can stabilize G-rich strands to form
G-quadruplexes have gained considerable research
interest because quadruplex stabilizers could serve
as antitumor agents [7-9].

As common structural features, G-quadruplex
binders generally share a large, flat, aromatic
surface, and the presence of protontable side chains.
Most known G-quadruplex binders such as
BRACO-19, RHSP4, and telomestatin[10-12] are
polycyclic planar aromatic compounds with at least
one substituent terminating in a cationic group.

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

Some metal complexes also have been used to
target G-quadruplexes due to their planar aromatic
ligands and cationic metal center [13-15].

Several metal complexes and cationic form of
pip and hpip ligands have been synthesized and
their ds-DNA binding properties have extensively
been studied [16-22]. In this study, double stranded
and G-quadruplex DNA (Q-DNA) binding abilities
of two platinum complexes (fig.1) those previously
synthesized [18] has been discussed.

MATERIALS AND METHODS

All reagents and solvents were of commercial
origin and used without further purification unless
otherwise noted. Solutions of calf thymus DNA
(CT-DNA,; purchased from Sigma) in 100 mM
KCI, 10 mM Tris (pH 7.0) had a UV-Vis
absorbance ratio of 1.8-1.9: 1 at 260 and 280 nm
(Azeo/Azso = 1.9), indicating that the DNA was
sufficiently free of protein [23]. The concentration
of ds-DNA was determined spectrophotometrically
using a molar absorptivity of 6600 Mt cm™ (260
nm).

HTG21 (5-GGGTTAGGGTTAGGGTTAGGG-
3) Q-DNA oligomer (purchased from thermo)
extinction coefficients were calculated from
mononucleotide data using a nearest-neighbour
approximation [24]. Double-distilled water was
used to prepare buffers. Stock solutions of ds-DNA
and Q-DNA were stored at 4 °C and used within 4
days. The formation of intramolecular Q-DNA was
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carried out as follows: the oligonucleotide samples,
dissolved in different buffers, were heated to 90 °C
for 5 min, gently cooled to room temperature, and
then incubated at 4 °C overnight. Solutions of the
compounds were prepared by dissolving a weighed
amount in 0.5 mL DMSO for solubility reasons and
were then diluted (up to 150 times without
precipitation) with 100 mM KCI, 20 mM Tris (pH
7.5) to the required concentration.

Physical measurements

UV-Vis spectra were recorded with a Varian
Cary 100 spectrophotometer and emission spectra
were recorded with a PerkinElmer LS 55
spectrofluorophotometer at room temperature.

Absorption titrations

For the absorption and emission titrations,
compounds were dissolved in a minimum amount
of DMSO, and were then diluted in buffer (100 mM
KCI, 20 mM Tris (pH 7.5)) to a final concentration
of 20 uM. Titrations were performed in a 10-mm
stoppered quartz cell by using a fixed concentration
of the complexes (20 uM), to which the CT-DNA
stock solution was added in increments of 1 uL to
a DNA-to-compound concentration ratio of 2.4:1
for ds-DNA and 0.003:1 for Q-DNA. Complex—
DNA solutions were incubated for 10 min each
time before the spectra were recorded. A control
solution of 20 uM compound in the same buffer

— _,2"'
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was also treated in the same manner. Cell
compartments were thermostated at 25 = 0.1 °C.

UV melting studies

For UV thermal melting studies, solutions of the
Q-DNA and ds-DNA in the absence and presence
of the complexes [DNA/complex = 1/1] were
prepared in a buffer solution (20 mM Tris-HCI, pH
7.5, 100 mM KCI). The temperature of the solution
was increased at a 1 °C min? interval, and the
absorbance at 295 nm was continuously monitored.
The Tm values were determined graphically from
the plots of absorbance vs temperature.

FID studies

The competitive behavior of each compound
with thiazole orange (TO) was investigated by
fluorescence spectroscopy in order to examine
whether the compound is able to displace TO from
the Q-DNA-TO complex.

DNA was pretreated with TO at a TO to DNA
concentration ratio of 2:1 for 30 min at 27 °C to
prepare the initial complex. The intercalating effect
of the complexes with the Q-DNA-TO complex
was studied by adding a certain amount of a
solution of the compound in increments to the
solution of the Q-DNA-TO complex. The influence
of each addition of complex to the solution of the
Q-DNA-TO complex was obtained by recording
the change in the fluorescence spectrum. To study
the competitive binding of the compound with TO,
TO was excited at 504 nm.

_2+

L)

[Pt(bpy)(hpip)]**

Fig. 1. Platinum complexes used in this study (([Pt(bpy)(pip)](NO3)2(1) and [Pt(bpy)(hpip)](NO3)2(2)).
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Fig. 2. UV-vis spectra of 1 (20 uM) in Tris/KClI buffer (100 mM KCI, 20 mM Tris-HCI, pH 7.5) with increasing
amounts of ds (a) Q-DNA (b) ds-DNA.
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RESULTS AND DISCUSSION
Synthesis of ligands and complexes

Synthesis and characterization of ligands and
complexes was discussed in detail in our previous
study [18].

Electronic absorption titration

The application of electronic absorption
spectroscopy in DNA binding studies is one of the
most useful techniques. Electronic spectra are a
useful way to investigate the interactions of
complexes with DNA. A complex bound to DNA
through  intercalation  usually  results in
hypochromism and red shift (bathochromism)
owing to the intercalation mode involving a strong
stacking interaction between an aromatic
chromophore and the base pairs of DNA. The
extent of the hypochromism in the visible metal-to-
ligand charge transfer band is commonly consistent
with the strength of the intercalative interaction
[25].

The high energy band around 292 nm is
attributed to the m—n* transitions corresponding to
the phenanthroline moiety of the ligands.
Absorption spectra titrations were performed to
determine the binding affinity of complex to Q-
DNA. DNA sample was added in aliquots
sequentially to complex solutions, with absorbance
spectra recorded after each addition. The changes in
the spectral profiles during titration were shown in
Fig. 2. When both Q-DNA and ds-DNA is added
into complex 1 solutions, significant hypochromism
is observed in absorption spectra. Similar
hypochromism is observed for complex 1 upon
addition of the lower rate of Q-DNA than ds-DNA
under the same conditions. Rmax values can be seen
in table 1. When the amount of DNA was

Absorbance

400 500 700

300

Wavelength (nm)

b)

Abs

increased, the decreases in the intensities of the
n—n* transitions of complex 1 were 27.9 % for ds-
DNA at a DNA-to-Pt concentration ratio of 4.8 and
12.2 % for Q-DNA at a DNA-to-Pt concentration
ratio of 0.03. The similar case could be seen for
complex 2. Hypochromism at low R values for Q-
DNA indicated strong interactions between the G-
quadruplex form of DNA and the complexes. In
order to compare quantitatively the binding strength
of complexes to Q- DNA and ds-DNA, the intrinsic
binding constants K, with each DNA at 25 °C were
obtained using the following equation;

[DNA]/(ea - &r) = [DNA]/(eg - 1) + 1/Kp (e8- &1) (1)

where [DNA] is the concentration of the nucleic
acid in base pairs, & is the apparent absorption
coefficient obtained by calculating Aess/[Pt], and &
and ¢g are the absorption coefficients of the free
and the fully bound platinum complex,
respectively. In the [DNA]/( ea - &) versus [DNA]
plot, Ky is given by the ratio of the slope to the
intercept. The values of the intrinsic binding
constants Ky of 1 were derived to be 2.88 (= 0.4) x
10* and 3.58 (+ 0.3) x 10’ for ds-DNA and Q-DNA
respectively. As seen in results, K, for Q-DNA is
bigger than ds-DNA. This indicates that complex 1
is more selective for G-quadruplex form of DNA.
Kp of 2 were derived to be 5.38 (+ 0.4) x 10* and
3.83 (£ 0.5) x 107 for ds-DNA and Q-DNA
respectively.

Similar binding trend to complex 1 has been
observed for complex 2 with a greater binding
constant value for Q-DNA (Fig. 3). Both complexes
can bind to G-quadruplex form more selective. The
difference between K, values of complexes for
different DNA forms was approximately 10° results
from complexes can interact with Q-DNA at much
lower R values than ds-DNA.
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Fig. 3. UV-vis spectra of 2 (20 uM) in Tris/KClI buffer (100 mM KCI, 20 mM Tris-HCI, pH 7.5) with increasing

amounts of ds (a) Q-DNA (b) ds-DNA
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Table 1. UV titration results
Titration results for ds-DNA

Titration results for Q-DNA

Complex  AA (%) Ko (M) R AA (%) Ko (M) R
1 27.9 2.88 (£0.4) x 10° 48 12.2 3.58 (£0.3)x 107 0.03
2 23.4 5.38 (£0.4) x 10* 2.4 11.5 3.83 (+0.5) x 107 0.03

UV melting studies

The DNA thermal melting is a measure of the
stability of the DNA double helix with temperature
an increase in the thermal melting temperature (Tm)
indicates an interaction between ds-DNA and the
metal complex [26]. Like ds-DNA, an increase in
Tm of Q- DNA can be observed as a result of
interaction between Q- DNA and metal complexes
[27]. In the present case, thermal melting studies
were carried out and Tr, values were determined by
monitoring the absorbance of ds-DNA at 260 nm
and Q-DNA at 295 nm as a function of
temperature. Usually, classical intercalation gives
rise to higher AT values than either groove binding
or outside stacking [28]. The Tm of ds-DNA in the
absence of any added complex was found to be 78
°C + 0.20, under our experimental conditions.
Under the same set of conditions, ds-DNA structure
degraded at 82 °C + 0.32 and 83 °C + 0.24 in the
presence of complexes 1 and 2, respectively. The
observed ATm value of 2 °C and 3 °C for 1 and 2
respectively indicates that complex 2 binds to ds-
DNA stronger than complex 1. These are consistent
with the determined Ky, values, further stressing that
intercalation took place (Fig. 4).
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Fig. 4. UV melting curves for (—) ct-DNA, (—) ct-DNA
+1and (—) ct-DNA + 2.

The Tm of Q-DNA in the absence of any added
complex was found to be 45 °C + 0.40, under our
experimental conditions. It is uprised to 62 °C +
0.34 and 67 °C + 0.28 by addition of complex 1 and
2, respectively (fig.5). The great increase in T
values indicates that both complexes bind to Q-
DNA stronger than ds-DNA. Also ATy value of 22
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°C for complex 2 shows that it can stabilize the Q-
DNA better than complex 1 with a ATy, value of 17
°C.

0,6

20 40 60

T(°C)

80 100

Fig. 5. UV melting curves for (—) HTG21, (—)
HTG21 +1and (—) HTG21 + 2.

FID studies

To further clarify the nature of the interaction
between the complex and Q-DNA and ds-DNA FID
was carried out. FID is a simple and fast method to
evaluate the affinity of a compound for Q-DNA
[29, 30]. This assay is based on the loss of
fluorescence of thiazole orange (TO) upon
competitive displacement from DNA by a putative
ligand. Upon interaction with Q-DNA, TO exhibits
high affinity (K = 3.0 x 10° M) [31] and displays
a significant increase in its fluorescence, whereas
when free in solution, the fluorescence is quenched.
Therefore, displacement of TO by another molecule
provides an approximate measure of the affinity of
the given compound for duplex and quadruplex
DNA by evaluating the DCsy which corresponds to
the required concentration of complex to induce a
50% fluorescence decrease.

We were first interested in comparing the Q-
DNA binding abilities of the complex 1. The
emission spectra of TO bound to ds-DNA and Q-
DNA in the absence and the presence of complex 1
are shown in Fig. 6.

DCso value of complex 1 for Q-DNA that can be
seen in table 2 was lower than ds-DNA. This
indicates that 1 can kick out TO molecules from Q-
DNA easier due to stronger binding. The emission
spectra of TO bound to ds-DNA and Q-DNA in the
absence and the presence of complex 2 are shown
in Fig. 7. DCso of complex 2 for Q-DNA is lower
than DCsy for ds-DNA. To discuss the G-
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guadruplex selectivity of complexes, DCsy values
can be compared.

The selectivity of both complexes for Q-DNA
versus ds-DNA was calculated and both complexes
showed prominent G-quadruplex binding affinity, a
modest selectivity for G-quadruplex over double
stranded was observed. However, calculated
selectivity of complex 2 is nearly 2 times better
than complex 1.

Table 2. DCs values

DCso DCso Selectivity
Complex (ds-DNA  (Q-DNA (DCso-ds/
(1M)) (M) DCs0-Q)
1 11.70 7.87 1.49
2 11.23 4,53 2.65
a)
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CONCLUSION

Q-DNA selectivities of two previously
synthesized platinum complexes have been
compared with different spectroscopic methods. All
methods are consistent with each other and
demonstrate that complex 2 is a more selective
complex for Q-DNA as supposed. Such a
difference in the DNA-binding affinities between 1
and 2 can be reasonably explained by the
intramolecular hydrogen bond between the ortho
phenolic group and the nitrogen atom of the
imidazole ring. The extended co-planarity of the
hpip ligand leads to enhanced DNA-binding
affinity of the hpip complex. Q-DNA binding
affinity was more significantly enhanced because
Q-DNA has a larger surface area due to four
guanine bases.

b)
700.0 R=0
? R*=0,980
2 S22 ,4'/
- »M‘
500 5 ) )
400 R=12 0,E+0 SE6 1ES
[Pt]
300
200,
\

100\

0.0 e —

5100 550 600 650 700.0

Fig. 6. Flurescence spectra of TO (2 uM) with (a) ds-DNA (30 uM) (b) Q-DNA (1 pM) in Tris/KCl buffer (100 mM

KCI, 20 mM Tris-HCI, pH 7.5) with increasing amounts of 1.
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Fig. 7. Flurescence spectra of TO (2 uM) with (a) ds-DNA (30 uM) (b) Q-DNA (1 uM) in Tris/KCl buffer (100 mM

KCI, 20 mM Tris-HCI, pH 7.5) with increasing amounts of 2.
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Symmetric device performances of carbon based nanostructures for supercapacitors
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In this review article, symmetric device performances of carbon based nanostructures were reviewed and presented
for supercapacitors. There are many important parameters to affect the supercapacitor device performances. The most
important one is the formation of active materials used for electrodes. Nowdays, graphene based nanostructures have
been used as an active electrode material due to their storage capability of more charges compared to other carbon
materials. Supercapacitors divide two main parts: pseudocapacitors and electrical double layer capacitors (EDLCs).
Conducting polymers are also used as important active material components due to their good conductivity. Some
techniques were also presented to obtain information about capacitance, such as electrochemical impedance
spectroscopy (EIS) etc.

Keywords: Carbon nanostructures, nanomaterials, conducting polymers, supercapacitors, double-layer capacitance,

graphene.

INTRODUCTION

Graphene is used in many applications, such as
energy storage, environmental protection, chemical
conversion, electrocatalysis, nanoelectronics etc.
Graphene facile stacking nature caused by the
strong w-m interaction and van der Waals forces
between graphene layers [1]. 3D porous graphene
significantly enhanced the energy storage
performance because of increasing surface area and
effective pores to transport or store electrons / ions
for bulk use in many devices [2, 3]. Zhao et al have
studied Ni(OH), nanocrystals which have been
synthesized via a gas liquid diffusion method at
room temperature in the absence of any template or
organic surfactant [4]. Supercapacitors have much
attention over the past decade due to their
extremely high power density, long cycle life and
short changing time [5]. Supercapacitors divide into
two categories, namely pseudocapacitors [6], and
electrical double layer capacitors (EDLCs). EDLC
stores electric charges at the interface between the
electrode and the electrolytes. Electroactive
materials have been made from carbon materials
with high surface area, such as graphene, carbon
nanotubes and porous carbon [7]. Moden electronic
devices, such as electric/hybrid vehicles, mobile
communication devices has high-performance
energy storage resources [8]. The illustration of
supercapacitor device was given in Figure 1.

* To whom all correspondence should be sent:
E-mail: mates@nku.edu.tr
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Fig. 1. The illustration of supercapacitor device with
all components.

PSEUDOCAPACITORS

Pseudocapacitors have transition metals (Ru,
Co, Fe, Mn etc.) oxides higher capacitance and
energy density because of the fast and reversible
faradaic reactions [9-11]. Among the transition
metal oxides, manganese (Mn) compounds have
been used due to its multi-oxidation states for
charge transfer and reversible adsorption [12]. Mei
et al [13] presented that MnO2-graphene composite
has the specific capacitances of Cy= 112 Fg?in 1
M Na,SO; and Cy= 165 Fg! in 6 M KOH
electrolyte, respectively.In addition, multiwalled
carbon nanotubes / a-MnO; coaxial hanocable films
through electrophrotic deposition process shows a
high mass specific capacitance of Cs,= 327 Fg* and
good cycle stability [14]. MnO: nanorods /
graphene composite was synthesized a specific
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capacitance of Cs,= 268 Fg™ at a current density of
0.5 Ag™ [15]. The PANI-5% acetylene black (AB)
hallowed hybrids show much better electrochemical
performance (Cs,= 520 Fg* at 1 Ag?) than that of
pure PANI pseudocapacitors (Csp= 271 Fgtat 1 Ag
1. In addition, the high power density of P= 1361
Wkg? and energy density of E= 17.8 Whkg! at
current density of 2 Ag™ even 6.32 kWkg™ and 14.1
Whkg* at high current density of 10 Ag™ [16]. The
fabricated flexible and transport pseudocapacitor of
ultrafine  CosO; nanocrystal shows a high
capacitance of Cs,= 177 Fg? on a mass basis and
Csp= 6.03 mFcm™ based on the area of the active
material at a scan rate of 1 mVs?, as well as a
super-long cycling life with 100% retention rate
after 20.000 cycles [17]. One of the highest
capacitance value was obtained as Csp= 2105 Fg*
for Ni;pCos LDH NSs/CNs electrode at a current
density of 2 Ag? as well as an excellent cyclic
stability as a pseudocapacitive electrode material
[18]. Ren et al have reported metallic cobalt pyrite
(CoSz) nanowires (NWSs) prepared directly on
current collecting electrodes, e.g., carbon cloth or
graphite disc, for high-performance supercapacitors
[19].

Electrical double layer capacitors

Electrochemical capacitors (ECs) are used for an
electrode of a given polarity, opposite charges
stored on the electrode surface. Two parallel plates
constitude capacitor and the consequent device are
called as electrical double layer capacitors (EDLCs)
[20]. In literature, Zhou et al have studied highly
porous nanostructures with large surface areas,
which are typically employed for EDLCs to
increase gravimetric energy storage capacity;
however, carbon based electrodes with high surface
area show in poor volumetric capacitance due to the
low packing density of porous materials. They
found ultrahigh volumetric capacitance of Csp= 521
Fcm? in aqueous electrolytes for non-porous carbon
microsphere electrodes codoped with fluorine and
nitrogen, which is synthesized by low temperature
solvothermal route. The carbon nanostructures
including CNTs-based networks, graphene based
architectures, hierarchical porous carbon based
nanostructures and other even more complex
carbon based 3D configurations were studied in
literature [21].

Active materials

Active materials were obtained many polymeric
and composite materials which include carbon
based nanostructures. Composite materials with
polymeric matrix consist of a fiber material, which
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is used as the core and a matrix material [22]. The
fiber reinforced materials have more advantages
than the other composite materials due to their low
weight, resistance against the corrosion, heat sound
and electric isolation [23, 24]. Active materials are
synthesized by two ways, such as chemical and
electrochemical synthesis. The active materials
were characterized by FTIR-ATR, 'H-NMR, 3C-
NMR, CV, SEM-EDX, and AFM analysis.
Symmetric device was fabricated to examine
supercapacitor device performances with CV,
constant current (CC), and EIS analysis. To
understand the more information about energy
density, power density and charge transfer
resistance (R.), Warburg impedance etc, Ragone
plot and equivalent circuit models were analyzed
obtained from electrochemical measurements. The
high performance capacitive behaviour depends on
the total mass (current collectors, electrolyte type,
separator, etc.), thus, the greater percentage of
active materials in the electrode material results in
more energy storage in the supercapacitor device
[25]. Carbons are used to fabricate supercapacitor
active electrode materials due to the low cost, easy
availability, nontoxic nature, environmental
friendless, and stability [26].

Conducting polymers

Conducting polymers were used in many usage
areas, such as energy storage (batteries and
supercapacitors), electrochromic devices (smart
windows, mirrors IR and microwave shutters),
antistatic coatings (displays, flat TV screens),
semiconductor devices (solar cells), corrosion
protection, mechanical actuators, bioapplication
(drug delivery systems, artificial muscles,
biosensors). A novel synthesis of Cz-EDOT
comonomers and their copolymers (EDOTTsCz,
EDOTVBCz, and EDOTMetac) were synthesized
in our previous studies. The aim of these syntheses
is to obtain capacitance performances of the active
materials [27]. Three-dimensional (3D) material
shows great attention all the time because it
exhibits the enhanced capacitive performance
comparing with the low dimensional nanoscale
building blocks [28].

There are many parameters affecting the
conducting polymers, such as current density, used
methods, type of solvent and electrolytes, monomer
concentration, monomer structure and applied
potential etc. The performance of a supercapacitor
depends on many factors, such as the active
material used as the electrode, the nature of
electrolyte, and the interface between electrode and
electrolyte [29]. In literature, PANI-based
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supercapacitor by designed the PANI-acetylene
black (PANI-AB) hybrid nanostructures supported
by MnO; nanotubes have good long-term cycling
stability and 86% of the capacitance after 1000
cycles by CV test at a scan rate of 50 mVs?
compared to that of pure PANI based
supercapacitors [30]. Li et al have studied
PANI/carbon nanotubes with ternary coaxial
structures as supercapacitor electrodes via a simple
wet chemical method [31].

Electrochemical impedance spectroscopy

Electrochemical ~ impedance  spectroscopic
analysis (EIS) were examined using Nyquist plots,
which show the frequency response of the
electrode/electrolyte system, graph the imaginary
component (Z'). Nyquist plots show three parts. In
the first part, a semicircle in the high to medium
frequency region, with the starting cross-point at
the Z' axis, consists of the combined series
resistance of electrolyte, electrode and current
collectors, such as stainless steel, in the second
part; a straight line with a slope of 45° in the low-
frequency range which representative to the semi-
infinite Warburg impedance, resulting from the
frequency dependence of the ion diffusion /
transport in the electrolyte, in the third part; a
vertical line at very low frequencies, which is
obtained by the accumulation of ions at the bottom
of the pores of the electrode [32]. A vertical line
proves a good capacitive behaviour without
diffusion limitations [33]. A low frequency
capacitive value can be calculated from the Nyquist
plot according to the following equation 1.

Cop=-1/ (2nxfxZ"), (1)

where f is the frequency and Z” (f) is the imaginary
part of the impedance. The relationship between the
specific capacitance and frequency shows the
penetration of the alternating current into the bulk
pores of the electrode material, which can indicate
how many electrolyte ions have reached the pore
surfaces at a specific frequency [34]. EIS, CV and
CC analysis of different types of polymers and
nanocomposites were analyzed in literature [35-37].
MnzO, samples were prepared in 0.05 M Mn(NOs)2
solution for 30 min delivered a large gravimetric
specific capacitance of Cs,= 210 Fg! at a current
density of 0.5 Ag?, and a good rate capability over
other samples [38].

The symmetrical supercapacitors based on the
porous silicon carbide spheres (PSICS) electrode
with an aqueous electrolyte (1 M KCI) or an
organic electrolyte (1 M tetraethyl ammonium
tetrafluoroborate) in acetonitrile were designed in

literature [39]. There are many usage areas of
supercapacitors from portable electronic devices to
electric vehicles. The study written by Niesson et al
have mentioned about the steady-state impedance
measurements,  cross-correlated  with  cyclic
voltammetry, which show discharging of the
electrical double layer capacitance [40].

CONCLUDING REMARKS

Supercapacitors have lower energy than
batteries but higher power density with fast
charge/discharge rates and a much larger cycle life
than rechargeable batteries. In this review article,
we firstly classified the electrochemical capacitors
as pseudocapacitors and EDLCs. Secondly, we
investigated the active materials wused in
supercapacitor devices, conducting polymers, and
electrochemical impedance spectroscopy.
Symmmetic supercapacitor devices were fabricated
by carbon based nanostructures, such as graphene,
carbon nanotubes, carbon fibers, etc. Not only the
specific capacitance (Csp) performance but also the
energy (E) and power density (P) values should be
higher for supercapacitors. To obtain the higher Csp,
E and P performances, the active electrode
materials should be fabricated by higher conductive
and higher surface area materials.
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In the present study we reported the cyclization reactions of 2-(alkylthio)-1,4-naphthoquinones to 6-
(alkylthio)benzo[a]phenazine- and phenoxazin-5-ones derivatives 5a-c and 7b-c, respectively and their structural
studies. The reactions of 2-(alkylthio)-3-chloro-1,4-naphthoquinone 3a-c with phenyl-1,2-diamine 4 and 2-aminophenol
6 in ethanol in the presence of sodium carbonate (Na,COz) were investigated. All new compounds were characterized
on the basis of nuclear magnetic resonance spectroscopy (*H- and *C-NMR), mass spectrometry (MS), and fourier
transform infrared spectroscopy (FT-IR). A probable mechanism for the formation of all reaction products was
presented and detailed spectroscopic data of all compounds were given.

Keywords Phenazine; Phenoxazine; Phenyl-1,2-diamine; 2-Aminophenol; Quinones

INTRODUCTION

Quinone imines are useful for medicine,
dyestuffs and others in the wide of industries. Some
phenoxazone and phenothiazone derivatives
containing stable quinone imine systems have been
synthesized to study the biological and
pharmaceutical activities, e.g. antitumor activities,
and to obtain the useful pigments [1-3]. Quinones
are well known in biological systems as reactive
centers of transporting both electrons and protons
across biological membranes. The evaluation of the
redox chemistry and electrochemical properties of
quinones are a useful way for identifying their
biological evolutions. Most of the reported methods
for the synthesis of phenoxazones [4-6] from
qguinones and o-aminophenols involve the initial
attack of the amino group of the o-aminophenol on
the quinone substituent (OH, OCHs, CI, etc.) and
subsequent ring closure. An o-aminophenol
exchange reaction or a rearrangement leads finally
to the phenoxazone system.

In this work, we synthesized novel 6-(alkylthio)
benzo[a]phenazine-5(7H)-ones (compounds 5a-c)
and 6-(alkylthio)-5H-benzo[a]phenoxazine-5-ones
(compounds 7b-c) by the condensation of phenyl-
1,2-diamine 4 or 2-aminophenol 6 with 2-
(alkylthio)-3-chloro-1,4-naphthoquinone
compounds (3a-c). The condensations between 3a-
c and 4 or 6 were carried out in ethanol in the
presence of sodium carbonate (Na;COs). The
conversion of the substituents of the resulting
products, the reduction and the dehalogenation

* To whom all correspondence should be sent:
E-mail: sayil@istanbul.edu.tr

were carried out. Their structures were
characterizated by using micro analysis, FT-IR, *H-
NMR, C-NMR, MS spectroscopy.

EXPERIMENTAL
Reagents and apparatus

Micro analyses were performed on a
Thermo Finnigan  FlashEA 1112  Elemental
analyser. Infrared (FT-IR) spectra were recorded in
KBr pellets in Nujol mulls on a Perkin
Elmer Precisely Spectrum One FTIR spectrometry.
'H- and C NMR spectra were recorded on
VarianUNITYINOVA operating at 500 MHz.
Chemical shifts 6 (ppm) were reported relative to
tetramethylsilane (TMS) with the solvent resonance
employed as the internal standard. *H- and °C
NMR spectra in CDCls refer to the solvent signal
center at 6 = 7.26 and & = 77.0 ppm, respectively.
Mass spectra were obtained on a Thermo Finnigan
LCQ Advantage MAX LC/MS/MS spectrometer
using an ESI probe. Products were isolated by
column chromatography on Silica gel (Fluka Silica
gel 60, particle size 63-200 um). Melting points
were measured on a Buchi B-540 melting point
apparatus.

Analytical thin layer chromatography (TLC)
was purchased from Merck KGaA (silica gel 60
F254) based on Merck DC-plates (aluminum
based). Visualization of the chromatogram was
performed by UV light (254 nm). Moisture was
excluded from the glass apparatus using CacCl;
drying tubes.

Solvents, unless otherwise specified, were of
reagent grade and distilled once prior to use, and all
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other chemicals (reagent grade) were used without
further purification.

General procedure for the synthesis 2-(alkylthio)-3-
chloro-1,4-naphthoquinone compounds as a
starting material (3a-c)

2-(Ethylthio)-3-chloro-1,4-naphthoquinone (3a)
[7], 2-(hexadecylthio)-3-chloro-1,4-naphtoquinone
(3b) [8] and 2-(octadecylthio)-3-chloro-1,4-
naphthoquinone (3c) [9] were synthesized from the
reactions of compound 1 with 2a-c for using as a
starting material according to the literatures [7-9]

General procedure for the synthesis of new
phenazine and phenoxazine compounds (5a-c and
7b-c)

Sodium carbonate was dissolved in ethanol (50
mL), and equimolar amounts of 2-(alkylthio)-3-
chloro-1,4-naphthoquinone (3a-c) and
nucleophilies (4 and 6) were added slowly. The
mixture was heated at 40°C and stirred in a single
reaction vessel for 18 h. The color of the solution
quickly changed (from yellow to red color), and the
extent of the reaction was monitored by TLC.
Chloroform (30 mL) was added to the reaction
mixture. The organic layer was separated, washed
with water (4 x 30 mL), and dried with Na;SOa.
After the solvent was evaporated, the residue was
purified by column chromatography on silica gel.

6-(Ethylthio)-benzo[a]phenazine-5(7H)-one (5a)

Compound 5a was synthesized from reaction of
2-(ethylthio)-3-chloro-1,4-naphthoquinone (3a)
(0.5 g, 1.978 mmol) with phenyl-1,2-diamine 4
(0.213 ¢, 1.978 mmol) according to the general
procedure.

Orange solid. Yield: 18.4% (0.111 g). m.p.:
86.1-88.5°C. Rf [PET/CHCI3(3:1)]: 0.52. FT-IR
(KBr): v (cm™)= 2925-2853 (C-Haiipn), 3018 (C-
Haom), 1600 (C=N), 1588 (C=0), 1522 (C=C),
3295 (N-H). *H-NMR (499.74 MHz, CDCls): & =
0.79-0.83 (t, 3H, J= 6.81 Hz, CH3), 2.97-3.04 (q,
2H, J= 7.32 Hz, S-CHy), 2.87 (bs, H, -NH), 7.00-
7.07, 7.18-7.21 (m, 2H, CHaom), 7.46-7.48, 7.27-
7.29 (m, 2H, CHarom), 7.73-7.78 (M, 2H, CHunapn),
8.29-8.33 ppm (m, 2H, CHpapn). *C-NMR (125.66
MHz, CDCls): 6 = 13.5 (-CHs), 28.8 (SCH>-), 118.6
(S-Crapn), 141.6 (NH-Cpgpn), 131.3, 131.4, 131.9,
132.5 (CHnapn), 134.0, 135.1 (Cpapn), 118.7, 127.9,
128.1, 129.3 (CHarom), 135.2 (N-Carom), 142.0 (NH-
Carom), 178.5 (C=0), 142.1 (C=N). MS [+ESI]: m/z
= 307.1 [M+H]*, Micro analysis: CigH14N>OS,
(Ma= 306.38 g/mol). Calculated: C, 70.56; H, 4.61;
N, 9.14; S, 10.46% Found: C, 70.83; H, 4.92; N,
9.17; S, 10.45%.
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6-(Hexadecylthio)benzo[a]phenazine-5(7H)-one
(5b)

Compound 5b was synthesized from reaction of
2-(hexadecylthio)-3-chloro-1,4-naphtoquinone (3b)
(0.2 g, 0.445 mmol) with phenyl-1,2-diamine 4
(0.048 g, 0.445 mmol) according to the general
procedure.

Red solid. Yield: 10.4% (0.023 g). m.p.: 112.1-
113.9°C. R¢ [PET/CHCI;3(5:2)]: 0.60. FT-IR (KBr):
v (cm?)= 2926-2854 (C-Haiipn), 3019 (C-Harom),
1601 (C=N), 1590 (C=0), 1525 (C=C), 3335 (N-
H). *H-NMR (499.74 MHz, CDCls): § = 0.78-0.82
(t, 3H, J=7.11 Hz, CH3), 1.11-1.54 (m, 28H, CH,),
2.97-3.00 (t, 2H, J=7.31 Hz, S-CH,), 2.84 ppm (bs,
H, -NH), 7.74-7.84 (m, 2H, CHarom), 8.23-8.28 (m,
2H, CHarom), 8.30-8.36 (M, 2H, CHuapn), 9.32-9.34
ppm (M, 2H, CHugpn). B®C-NMR (125.66 MHz,
CDCla): 6 = 14.1 (-CHs), 22.7- 31.9 (-CH3-), 35.2
(SCH3-), 123.8 (S-Cnapn), 142.7 (NH-Cpapn), 129.2,
129.5, 129.9, (CHuapn), 130.0, 131.8 (Chapn), 123.9,
125.5, 128.8, 129.3 (CHarom), 140.0 (N-Carom), 144.0
(NH-Carom), 174.4, (C=0), 140.1 (C=N). MS
[+ESI]: m/z = 503.5 [M+H]*, Micro analysis:
C32HaN20S, (Ma= 502.75 g/mol). Calculated: C,
76.45; H, 8.42; N, 5,57; S, 6.38%; Found: C, 76.63;
H, 9.01; N, 5,62; S, 6.35%.

6-(Octadecylthio)benzo[a]phenazine-5(7H)-one
(5¢)

Compound 5¢ was synthesized from reaction of
2-(octadecylthio)-3-chloro-1,4-naphthoquinone (3c)
(0.4 g, 0.838 mmol) with phenyl-1,2-diamine 4
(0.090 g, 0.838 mmol) according to the general
procedure.

Dark orange solid. Yield: 9.3 (0.041 g)%. m.p.:
117.6-118.4°C. R¢ [PET/CHCI3(5:2)]: 0.58. FT-IR
(KBr): v (cm?)= 2920-2850 (C-Haiipn), 2957 (C-
Haom), 1649 (C=N), 1727 (C=0), 1591 (C=C),
3355 (N-H). *H-NMR (499.74 MHz, CDCls): & =
0.81-0.84 (t, 3H, J=7.46 Hz, CH3), 1.13-1.61 (m,
32H, CHy), 3.21 ppm (bs, H, -NH), 3.37-3.42 (t,
2H, J= 7.32 Hz, S-CHy), 7.82-7.87 (m, 2H,
CHoarom), 7.87-7.91 (m, 2H, CHawom), 8.30-8.35 (m,
2H, CHuapn), 9.28-9.32 ppm (m, 2H, CHupgpn). C-
NMR (125.66 MHz, CDCls): & = 14.1 (-CH3), 22.8-
31.9 (-CH2-), 38.7 (SCH2-), 125.7 (S-Crapn), 143.1
(NH-Crapn), 129.5, 130.5, 130.7, 130.9 (CHuapn),
131.5, 132.5 (Cnapn), 123.2, 125.9, 128.8, 129.8
(CHarom), 141.6 (N-Carom), 144.8 (NH-Carom), 167.8
(C=0), 141.9 (C=N). MS [+ESI]: m/z = 553.3
[M+Na]*, Micro analysis: CssHasN20S, (Ma=
530.33 g/mol). Calculated: C, 76.93; H, 8.74; N,
5,28; S, 6.04%, Found: C, 77.05; H, 8.99; N, 5,33;
S, 6.01%.
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6-(Hexadecylthio)-5H-benzo[a] phenoxazine-5-one
(7b)

Compound 7b was synthesized from reaction of
2-(hexadecylthio)-3-chloro-1,4-naphthoquinone
(3b) (0.4 g, 0.890 mmol) with aminophenol 6
(0.097 g, 0.890 mmol) according to the general
procedure.

Red solid. Yield: 13.7% (0.061 g). m.p.: 80.6-
81.9°C. R [PET/CHCI3)(3:1)]: 0.61. FT-IR (KBr):
v (cm?)= 2924-2852 (C-Haiipn), 3018 (C-Harom),
1595 (C=N), 1633 (C=0), 1542 (C=C). H-NMR
(499.74 MHz, CDCls): 6 =0.89-0.91 (t, 3H, J=7.09
Hz, CHs), 1.21-1.68 (m, 28H, CHy), 3.12-3.17 {t,
2H, J= 7.48 Hz, S-CHy), 7.38-7.47 (m, 2H,
CHoarom), 7.52-7.84 (m, 2H, CHarom), 7.71-7.81 (m,
2H, CHuapn), 8.35-8.75 ppm (M, 2H, CHuapn). *C-
NMR (125.66 MHz, CDCls): 6 = 14.1 (-CHs), 22.7-
32.0 (-CH2-), 33.4 (SCH2-), 117.2 (S-Cnepn), 146.5
(O-Crapn), 128.7, 129.6, 131.1, 131.8 (CHunapn),
132.1, 1324 (Cngpn), 115.9, 124.3, 125.7,127.0
(CHarom), 133.0 (N-Carom), 150.2, (O-Carom), 183.0
(C=0), 144.0 (C=N). MS [+ESI]: m/z = 504.84
[M+H]*, Micro analysis: Ca:H41NOS, (Ma= 503.74
g/mol). Calculated: C, 76.30; H, 8.20; N, 2.78; S,
6.37% Found: C, 76.72; H, 8.77; N, 2.84; S, 6.30%.

6-(Octadecylthio)-5H-benzo[a]phenoxazine-5-one
(7c)

Compound 7c was synthesized from reaction of
2-(octadecylthio)-3-chloro-1,4-naphthoquinone (3c)
(0.4 g, 0.838 mmol) with aminophenol 6 (0.091 g,
0.838 mmol) according to the general procedure.

Red solid. Yield: 11.9% (0.053 g). m.p.: 88-
89°C. Rt [PET/CHCI3(3:1)]: 0.62. FT-IR (KBr): v
(cm™)=2918-2849 (C-Haiiph), 3019 (C-Harom), 1596
(C=N), 1628 (C=0), 1541 (C=C). H-NMR
(499.74 MHz, CDCls): 6 =0.87-0.91 (t, 3H, J=7.09
Hz, CHs), 1.21-1.68 (m, 32H, CHy), 3.12-3.17 (t,
2H, J= 7.39 Hz, S-CHj), 7.38-7.48 (m, 2H,
CHoarom), 7.52-7.89 (m, 2H, CHarom), 7.73-7.82 (m,
2H, CHuatta), 8.35-8.75 ppm (m, 2H, CHpapn). C-
NMR (125.66 MHz, CDCls): & = 14.1 (-CH3), 22.7-
32.0 (-CH2-), 33.4 (SCH2-), 116.1 (S-Crapn), 146.3
(O-Crapn), 129.6, 131.0, 131.5, 131.9, (CHugpn),
132.1, 132.2 (Cngpn), 115.9, 124.7, 1255, 126.5
(CHarom), 132.8 (N-Carom), 150,4 (O-Carom), 181.2
(C=0), 144.4 ppm (C=N). MS [+ESI]: m/z = 532.5
[M+H]*, Micro analysis: C3HsNO,S, (Ma= 531.79
g/mol). Calculated: C, 76.79; H, 8.53; N, 2.63; S,
6.03% Found: C, 76.95; H, 8.84; N, 2.66; S, 5.98%.

RESULTS AND DISCUSSION

The aim of this work, the novel 6-(alkylthio)
benzo[a]phenazine-5(7H)-ones (compounds 5a-c)

and 6-(alkylthio)-5H-benzo[a]phenoxazine-5-ones
(compounds 7b-c) were synthesized by the
condensation reactions of phenyl-1,2-diamine 4 or
2-aminophenol 6 with 2-(alkylthio)-3-chloro-1,4-
naphthogquinone compounds (3a-c), respectively.
As shown in Scheme 1, the condensations between
3a-c and 4 or 6 were carried out in ethanol in the
presence of sodium carbonate (Na:COs) at 40°C
about 18 h.

The known compounds 2-(ethylthio)-3-chloro-1,4-
naphthoquinone (3a), 2-(hexadecylthio)-3-chloro-
1,4-naphthoquinone (3b) and 2-(octadecylthio)-3-
chloro-1,4-naphthoquinone (3c) were synthesized
according to releated literatures [7-9]. These
compounds were used for starting materials. All
these new compounds were separated and purified
by column chromatography and structures were
established by micro analysis, FT-IR, *H- and 3C-
NMR, and mass spectra, chemical reactions, or
comparison with authentic samples.

We assume that the reactions of 3a-c and 4 or 6
in ethanol in the presence of sodium carbonate start
with nucleophilic attack of the amino group of 4 or
6 on the halogen atom of 3a-c with the elimination
of hydrogen chloride to give B and D in schemes 2
and 3, respectively. In the formations of B and D,
addition of the amino or hydroxyl group to the
quinone carbonyl group in equilibrium reaction
lead to the formation of the hemiketal, is etherified
to the ketal. In addition to this, the open forms (B,
D) and a hemiketal/ketal of B and D could not be
isolated.

The formation of A and C in from the reactions
of 3a-c with 4 or 6 did not obtain reasonable
because amino- and hydroxy-phenazines and
phenoxazines were highly unstable [10]. These
proposed mechanims in schemes 2 and 3 were
agree well with the mechanism of the synthesis of
similiar compounds [5].

The 'H spectrum of the products in CDCls
displayed distinct signals with appropriate
multiplets. *H NMR signal of the hydrogen atoms
of the adjacent to the nitrogen atom (-NH) in
compounds 5a-c were shifted to a higher field and
displayed singlet at 2.87, 2.84 and 3.21 ppm as
single broad, respectively. The *C NMR spectra of
compounds 5a-c and 7b-c gave just one carbonyl
signals (C=0) at 178.5, 174.4 167.8, 183.0 and
181.2 ppm, respectively, in the naphthoquinone
units of 5a-c and 7b-c. The carbonyl signals (C=0)
in 3C-NMR spectra of 5a-c and 7b-c are in close
agreement with the spectral characteristic of
analogous heterocycles [11-14]. In the C-NMR
spectra of compounds 5a-c and 7b-c carbon signals
of (C=N) group appeared around at 144 ppm.
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Fig. 1. The MS[+ESI] spectra of compound 7c

The FT-IR spectra of compound 5a-c, the
characteristic (-NH) band appeared at 3295, 3335
and 3355 cm?, respectively. In the FT-IR spectrum
of 7b-c the characteristic (—OH) band disappeared,
it is proved that intramolecular cyclization reactions
had taken place, yielding the compounds 7b-c. In
the FT-IR spectra of compounds 5a-c and 7b-c
typical strong quinonic carbonyl absorptions were
observed at 1588, 1590, 1727, 1663 and 1628 cm™,
respectively. The characteristic imine group (C=N)
band of compounds 5a-c and 7b-c appeared at
1600, 1601, 1649, 1595 and 1596 cm™,
respectively.

With the aid of the positive ion mode of electron
spray ionization (ESI) mass spectrum of the
compounds 5a-c, the respective molecular ion
peaks were observed at m/z (%) 307 (100) [M+H]*,
503 (100) [M+H]*, 553 (100) [M+Na]*,
respectively. The major fragment of compound 7c
in the MS [+ESI] spectrum was observed at m/z
(%) 532 [M+H]".

CONCLUSION

In continuation of our investigations of quinone
[11-16] chemistry, we have studied the reactions of
naphthoquinones with phenyl-1,2-diamine 4 and 2-
aminophenol 6. The aim of this study was to the
investigation of the cyclization reactions of 2-
(alkylthio)-3-chloro-1,4-naphthoquinones 3a-c with

nitrogen- and oxygen-containing nucleophiles (4, 6)
and obtain to highly functionalized heterocyclic
new compounds (5a-c, 7b-c). The condensations
between 3a-c and compounds 4 or 6 were carried
out in ethanol in the presence of sodium carbonate
(Na2COs). These reactions of 3a-c and 4 or 6
proceeded at 40°C. A probable mechanisms for the
formation of all reaction products was presented
and detailed spectroscopic data of all compounds
were given. All synthesized new compounds 5a-c
and 7b-c  were purified by the column
chromatography.  Their  structures of new
synthesized compounds were determined by micro
analysis, FT-IR, 'H-NMR, *C-NMR and MS.

Acknowledgement: The authors would like to
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Synthesis of poly((2-dimethylamino)ethyl methacrylate) via atom transfer radical
polymerization and surface characterization by inverse gas chromatography
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Poly(2-dimethylamino)ethyl methacrylate) (PDMAEMA) was synthesized via atom transfer radical polymerization.
The synthesized PDMAEMA was characterized by FTIR, GPC and DSC. The inverse gas chromatography technique
was used to obtain the surface properties of PDMAEMA. The retentions of nonpolar solvents such as n-hexane, n-
heptane, n-octane, n-nonane, n-decane and other acidic, basic and amphoteric probes such as tetrahydrofurane,
dichloromethane, chloroform, acetone, ethyl acetate and benzene used without further purification on PDMAEMA were
measured in the temperature ranges from 303 to 373 K by inverse gas chromatography (IGC). The dispersive

component of the surface energy ,}/SD of studied adsorbent surface was estimated using retention times of different

nonpolar organics in the infinite dilution region. Dispersive components of the surface energies, ySD according to

Fowkes and Dorris-Gray approaches and the acid, K , and base, K constants for PDMAEMA were calculated.

Keywords: Poly(2-dimethylamino)ethyl methacrylate); Inverse gas chromatography; Surface and adsorption

properties; Surface free energies; Lewis acid-base constants

INTRODUCTION

Poly[2-(dimethylamino)ethyl methacrylate] has
attracted a significant attention in recent years as a
cationic pH and temperature responsive polymer
for an increasing number of applications in drug
delivery, bioseparation, and microfluidic areas. [1]
The inverse gas chromatography(IGC) method
which is simple, fast, economical method has been
used extensively to study the structure of polymers,
the interactions of various liquids and gases with
polymers and to provide valuable thermodynamic
information for surface characterization of
polymeric substances [2-4].

In this study, poly(2-dimethylamino)ethyl
methacrylate) (PDMAEMA) which was
synthesized via atom transfer radical
polymerization using CuBr ligated with

N,N,N',N',N"-pentamethyl-diethylenetriamine
(PMDETA) as catalyst, and ethyl 2-
bromoisobutyrate (EBiB) as initiator under argon
atmosphere. The synthesized PDMAEMA was
characterized by FTIR, GPC and DSC. The inverse
gas chromatography technique was used to obtain
the surface properties of PDMAEMA.

* To whom all correspondence should be sent:
E-mail: dolunaykar@yahoo.com

EXPERIMENTAL PART
Probes and Instrumentation

The used solvents were high purity grade
nonpolar solvents such as n-hexane (Hx), n-heptane
(Hp), n-octane (O), n-nonane (N), n-Decane (D)
and polar solvents such as dichloromethane (DCM,
acidic), chloroform (TCM, acidic), acetone (Ac,
amphoteric), ethyl acetate (EA, amphoteric),
tetrahydrofurane (THF, basic) and benzene. The all
studied solvents and support materials being
Chromosorb-W(AW-DMCS-treated, 80/100 mesh)
were supplied from Merck AG. Inc. Silane treated
glass wool used to plug the ends of the column was
obtained from Alltech Associates, Inc.,

PDMAEMA was used as a stationary phase in
the chromatographic column and solvents with a
different chemical nature were used as eluents. The
retention diagrams of studied solvents on
PDMAEMA were ploted at temperatures in K
between 303 and 373 by IGC. The sorption
properties of the PDMAEMA were determined
using a Hewlett-Packard 6890 Series Il gas
chromatograph, with a thermal conductivity
detector (TCD). High purity helium was used as the
carrier gas (flow rate in the range 25-28 cm® min-
1. A stainless steel columns (0.5 m long, 3.2 mm
0.d.) were packed with PDMAEMA covered on
chromosorb. After packing, the columns were
conditioned overnight at 373 K. The retention
diagrams of studied solvents on PDMAEMA were
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ploted at temperatures in K between 303 and 373
by IGC.

Synthesis of poly((2-dimethylamino)ethyl
methacrylate) via atom transfer radical
polymerization

Poly(2-dimethylamino)ethyl methacrylate)
(PDMAEMA) which was synthesized in Schlenk
tube via atom transfer radical polymerization of 2-
dimethylamino ethyl methacrylate (7.5 ml) using
CuBr (0.039 gr, 0.27 mmol) ligated with
N,N,N',N',N"-pentamethyl-diethylenetriamine (0.15
ml , [PMDETA]=0.0466 M , M,=173.3 g/mol ,

d=0.83 gr/cm®; PMDETA) as catalyst, and ethyl 2-
bromoisobutyrate (1.32 ml, My=195.06 g/mol,
d=1.329 gr/cm; EBIB) as initiator under argon
atmosphere in dichloromethane and one day at
room temperature. After 24 h, it was observed
heterogen phase. Green part of solution was diluted
with DCM, heterogen phase was filtered and
precipitated in cool n-heptane. Waxy green-blue
precipitate ~ was passed on basic aliimina for
purification. Solution was precipitated in n-hekzane
and synthesized polymer was characterized by FT-
IR, GC and DSC. (Scheme 1)

0Br

Il

Cull)Br 4+ CHCH-0-C-C-CH, + nCH=
CH,

g
§
EBIB %

CH,—N—CH— CH;NfCH:—CH;—PlJ—CH;

CH, CH, CH,
PMDETA
[ [
CH:—CH:fO—C—Clz CH—G Br 4+ Cu(ll)B/PMDETA

CH, G=0],
’ o
s

T
N

N

CH; CH,

Poly(2-di methylamino ethyl methacrylate)

Scheme 1. Synthetic Route of Poly((2-
dimethylamino)ethyl Methacrylate) via Atom Transfer
Radical Polymerization

THEORY OF INVERSE GAS
CHROMATOGRAPHY

The surface polarity and the acid-base nature of
materials can be measured by IGC technique. This
technique supplies a basis for determining the
potential for chemical interaction between the
polymer and solvent. The investigated material is
immobilised within a chromatographic coloumn
50

which is flushed through with inert gas such as
helium or nitrogen. The stationary phase
characterisation is achieved by utilising the
partitioning of the sample between the mobile
phase and the statonary phase, indicated by the time
taken to elute the sample. The probe-probe
interactions in IGC experiments are negligible
because of carried out in infinite dilution. The
theory and the technique are now quite well
described in literature [5-6].

The dispersive component of surface energy,

;/SD were determined by Dorris-Gray and Fowkes

approaches. The adsorption energy for the non-
polar solvents increases with the number of carbon
atoms in the chain.

According to Dorris and Gray approach, the
increment, corresponding to the adsorption energy

of a methylene group, AG y, 1 is given by [7]

VN,n ) , (1)

N,n+1

where V,  and V|, ., are the retention volumes of

two n-alkanes having n and n+1 carbon atoms in
their chain. This parameter is independent of the
chosen state of the adsorbed molecule. Thus at
constant temperature, for a series of alkane probes,

aplot RT InV, versus the number of carbon atoms

AGen,y =—RT In(

should give a straight line from which AG .

can be found.
The methylene adsorption energy can also be
defined as [7]

AGA[CHZ] = 2NAa[CH2]\/ 7sD7/L[CHZ] .

where N, is Avagadro’s number, a[CH,] is the
surface area covered by one methylene group (0.06
nm?) and y, [CH,] is the surface free energy of a

surface consisting of methylene groups, i.e.
polyethylene, given by
7. [CH,]=35.6+0.058(293-T), (3)

Thus using Egs.(1)-(3) and the experimentally
determined values of the adsorbate net retention

volumes, V., and V, ., the dispersion

component of the surface free energy, 7/? may be

calculated and where the adsorbate net retention
volumes,V, were calculated from the expression:

Vy =Q*3*(t, —t)*T/(T,). @
In equation (1), t; is the adsorbate retention

time, t, is the retention time of air, Q s
volumetric flow rate measured at column outlet and
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at ambient temperature T, (K), T is the column

temperature (K) and Jis James-Martin gas
compressibility correction factor [8].
According to the Fowkes approach, the

dispersive component of surface energy, yf is

calculated following equation [9]:

—AG, =RTIn(V,) =2Na(y9)** ()" + K", (5)
Thus for a series of n-alkane probes, a plot of

RT InV,, against a(y)*°will give a slope of

2N (2)*°. Values of a(y”)%°and boiling point,

T,(°C) of apolar solvents are found in the

literature [10-11].
The specific component of the free energy is

determined from the n-alkane plot of RT InV,

against a(y_.)®°. The distance between the

ordinate values of the polar probe datum point and
the n-alkane reference line gives the specific

component of the surface free energy, — AGi .
An equation may be written for this procedure,

—AGS =RT In( Viin ) (6)
N, ref
where V and V . are the retention volume for
the polar probe and the retention volume for the n-
alkanes’ reference line, respectively.

The adsorption of a polar probe onto the
adsorbant surface leads to a change in the enthalpy
of the system and the entropy of the system. These
factors are related to the energy of adsorption by
the equation,

AG; = AH; —TAS?, (7
Here, AHi is the adsorption enthalpy by Lewis

acid-base interactions, AS; is the adsorption
entropy Lewis acid-base interactions and T is the
column temperature. For each polar probe, AH,?

and AS; can be determined from a plot of
—AGS /T against 1/T .

The surface Lewis acidity and basicity
constants, K, and K, may be calculated from
the equation,

—AH; =K,DN + K, AN", (8)

Here, DN and AN" are Gutmann’s donor and
modified acceptor numbers, respectively. Values of
a(y>)**and boiling point, T,(°C) of non-polar
solvents are found in the literature [12,13] and the
Gutmann’s modified acceptor number, AN and

donor number, DN of the polar probes used in this
study are found in the literature [14,15].
K, and K, are obtained from a plot of

—AH} /AN" versus DN/AN™ with K, as the
slope and K, as the intercept. Parameters K , and

K, reflect the ability of the examined surface to

act as an electron acceptor and electron donor,
respectively [12,13].

RESULTS AND DISCUSSION

Characterization of poly((2-dimethylamino)ethyl
methacrylate)

The yield of synthesized PDMAEMA via ATRP
was calculated about 50%, Mn= 3500 g/mol from
GPC, PDI=1.1, very low Ty and structural
characterized by FTIR/ATR (Fig.1).

According to FTIR/ATR  spectrum of
PDMAEMA,; 2770-2952 cm* aliphatic C-H, 1725
cmt’de ester C=0, 1456 cm™ aliphatic C-H, 1149
and 1270 cm™ C-O-C asimetric and simetric, 1059
cm? C-N, 749 cm? aliphatic C-H.

Surface properties of poly((2-dimethylamino)ethyl
methacrylate)

The net retention volumes, V of studied

solvents on PDMAEMA were calculated from igc
measurements at infinite dilution region using Eq
(1). The retention diagrams of studied solvents on
PDMAEMA were ploted at temperatures between
303 and 373 K and given Figure 2 (a) for nonpolar
and Figure 2(b) for polar solvents.

The slope of the fitted line is equal to AG ¢y, ;-

The variation of y¢ andy, [CH,] with temperature

were calculated from Eq.(3) and (4), respectively.
The adsorption energy of a methylene group,

7. [CH,] the surface free energy of a surface
consisting of methylene groups, AGA[CHZ] and

dispersion component of surface free energy, ;/SD

values calculated by Doris-Gray approach for
PDMAEMA determined at studied temperatures
and the results were given in Table 1.

The Fowkes equation (Eg. 5, referred to as
Schultz and Lavielle approach by some authors)
[16] was wused to determine the dispersive

component of the surface free energy, 7/5 over a
range of studied temperatures and calculated values
of RTInV, were plotted against a(y)*°. An
example of the pattern of results obtained was
given in Fig. 4 for the isotherm at 303 K.
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Fig. 2 (a). The retention diagram of non-polar
solvents adsorbed onto PDMAEMA
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Fig. 2 (b). The retention diagram of polar solvents

adsorbed onto PDMAEMA
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Fig. 4. Variation of the logarithm of the retention
volume of non-polar and polar versus solvents
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According to Dorris-Gray approaches, Eq.(2),
AGarcHz; 1S independent of the chosen reference
state of adsorbed molecule. The RTInVy versus
carbon number of non-polar solvents were plotted
in Fig.(3) for PDMAEMA. The results of
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AG e, 7.[CH,] and g of PDMAEMA was

given in Table 1.
The linearity was obtained by the non-polar
solvents at the studied temperature ranges. The

slope (ZNJE) of the linear fit, obtained for each
non-polar solvent plot, gives the dispersive
component of the surface free energy, y¢& at that
temperature.

The y¢ values of PDMAEMA calculated

according to Fowkes approach at studied
temperature ranges were given in Table 1.

Table 1 report that the variation of yo as a
function of temperature was limited and the
ySD values of PDMAEMA decrease significantly
between 303 and 373 K.

The values of yoof PDMAEMA calculated

according to Dorris-Gray and Fowkes approaches
are very close to each other at the studied
temperature ranges. There is no data in the
literature to compare these values. The specific

component of the surface free energy, AGf\, is
calculated using the difference between the
calculated value of RT InV, and that which was

derived using the equation of the linear fit of the n-
alkane reference line (Eq.7).
AHS and AS; can be determined from a plot of

—AG; /T against 1/T . (Eq.8)

The values of K, and K, were calculated
using Eq.(9). The plotting —AHS /AN" versus
DN/AN" with K, as the slope and K, as the

intercept. The plot of —AH}/AN™ versus
DN/ AN for PDMAEMA was given at Fig.5.
35
KRS -4 HIANT = 0 03R2DNANT + 1 3878 +
. 254
VEE 15
N
0h »
0 T T T T
] 10 20 30 40 50
DAL

Fig. 5. The plot of —AHS/AN™ versus DN/AN"for
PDMAEMA.

The values of K, and K are found to be 0.04
and 1.4 for PDMAEMA and the values If the ratio
of K, to K, is greater than 1, solid surface is

basic nature and below 1, it implies that the solid
surface is acidic nature [17]. According to the
K%( ratio of PDMAEMA, it is found that the

surface of PDMAEMA has basic nature.

Table 1. The adsorption energy of a methylene group, », [CH,] the surface free energy of a surface consisting of

methylene groups, AGA[CHZ] and dispersion component of surface free energy, 7/é3 values of PDMAEMA calculated

by Doris-Gray (D-G) and Fowkes (F) approachs and slope at studied temperatures for PDMAEMA

7L [CHz] AGA[CHz] 75 (D-G) 7/SD (F)
T(K) (mJ/m?) (106 mJ/mol) (mJ/m?) Slope (x10%%) (mJ/m?)
303 35.02 2.49 33.87 6.993 33.73
308 34.73 2.45 33.19 6.893 32.78
313 34.44 2.45 33.46 6.894 32.79
318 34.15 2.38 31.88 6.699 30.96
323 33.86 2.36 31.58 6.636 30.38
328 33.57 2.30 30.23 6.468 28.86
333 33.28 2.21 28.08 6.204 26.55
343 32.7 2.16 27.32 6.067 25.39
353 30.96 2.03 25.50 5.721 22.58
363 32.12 2.04 24.73 5.706 22.46
373 31.54 2.01 24.54 5.648 22.01
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CONCLUSIONS

Adsorption properties, surface and Lewis acid-
base characteristics of PDMAEMA synthesized
successfully via atom transfer polymerization have
been examined by means of inverse gas
chromatography at infinite dilution, in the
temperature range from 303 to 373 K. The

ySD values of PDMAEMA change ranges from

33.87 to 24.54 mJ/m? (Dorris-Gray approach) and
from 33.73 to 22.1 mJ/m? (Fowkes approach) with

increasing temperature. The values of K, and K,

parameters indicated that PDMAEMA surface is
basic nature. IGC is a convenient method for the
characterization of the surface and adsorption
properties and the acid-base characteristics of
acrylate derivatives.
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Immobilization of salophen derivative Schiff base cobalt(I1) complex on a copolymer
coated platinum electrode and electrocatalytic investigations
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In this study, o-amino-benzylalcohol (pBA) and o-anisidine (pA) homopolymers and their copolymer (0-amino-
benzylalcohol-co-o-anisidine) (Cp) were synthesized on the platinum electrode in 0.5 M H,SO4 as a supporting
electrolyte medium by electrochemical methods. Then, Co(ll) complex of salophen type Schiff base (CoL) was
immobilized on these polymer coated electrode surfaces in acetonitrile containing 0.15 M LiClO.. The prepared
modified surfaces were characterized by Cyclic Voltammetry, UV-Vis, SEM-EDAX and ICP-MS techniques. The
electrocatalytic activity of modified electrodes was investigated on electrooxidation of Dopamine (DA) as biosensor
application. One of the prepared modified electrodes showed good electrocatalytic effect on the oxidation of DA using
Square Wave Voltammetry method (SWV). The oxidation peak current of DA increased linearly in the range of 0.2 pM
-2 mM in pH 7 phosphate buffer solution at [CoL] immobilized pA modified Platinum electrode. Limit of Detection

(LOD) was calculated as 0.1 uM for DA determination.

Keywords: o0-amino-benzyl alcohol,

electrocatalytic investigation.

INTRODUCTION

Electrode materials that used in electrochemical
studies are mainly limited commercial species like
carbon, mercury, gold, platinum, so researches are
significantly restricted in this area [1].

Electrochemical work areas can be expanded by
modifying of electrode surfaces with organic-
inorganic compounds in order to improve their
properties of selectivity, sensitivity and catalytic
activity [2-4]. Conductive polymers have also
attracted much attention largely at modification of
conventional electrode materials as supporting
material [5,6]. Because they have been allowed to
immobilization, adsorption and covalent attachment
for different species due to its porous structure and
functional groups.

Common approach of biosensor applications,
with immobilization of enzyme to conducting
polymer coated electrode surface have been
designed as sensors that have selectivity and
catalytic activity [7-9]. In this area, alternative
solutions have been gained attention against to
enzyme immobilization due to decreased of enzyme
activities during immobilization, high-cost, their
easily degradation and hard isolation.

Recently, inorganic metal complexes that have
active metal centre and functional groups are
becoming attractive materials as alternatively in
this research area because of their catalytic activity
and stability [10,11]. Recently prepared new

electropolymerization,

* To whom all correspondence should be sent:
E-mail: didem.deleti@gmail.com, dcakmak@ mku.edu.tr

Schiff Base metal complex, immobilization,

electrode materials studies by using directly
electropolymerization of metal complexes of
inorganic compounds that have various functional
groups and to be linked to an electropolymerizable
monomer, their characterization and catalytic
activity have been attracted much interest research
area in scientific literature [12-15].

The previous studies have been shown that, the
electocatalytic properties of modified electrodes
containing metal complexes were related with
metal species and functional groups of complexes
[16].

This study is focused on the preparation of
modified electrodes with immobilization of Schiff
base metal complex onto new electroactive
polymeric  supporting materials and also
investigation of electocatalytic activity of these
electrodes towards determination of dopamine.

EXPERIMENTAL
Materials and methods

A CHI 604E model electrochemical analyzer
was used for SWV and cyclic voltammetry (CV)
measurements. All the electrochemical studies were
carried out by using of conventional three electrode
system. A 1 cm? Pt plate, Pt wire and saturated
Ag/AgCI (3M NaCl) were used as working, counter
and reference electrodes, respectively.

Schiff base (H.L) and metal complex (CoL)
were synthesized according to the literature [17].
The proposed structures of H,L and [ColL] are
given in figure 1.
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Fig.1. Multicycle voltammograms of o-amino benzyl alcohol (A); o-anisidine (B) and Cp in 0.5 M H2SO4 solution as

supporting electrolyte at Pt electrode; The SEM images of homopolymer and copolymer coatings on Pt electrode and

Successive CVs of poly-0-amino benzyl alcohol (As), poly-o-anisidine (Bs) and poly(o-anisidine-co-0-aminobenzyl
alcohol) (Cs) films in 0.3 M KCI solution at 0.2-0.6 V potential range.

Electropolymerization procedure was performed
by CV with scanning from 0.2 V to 1.6 V at a
sweep rate of 100 mV s for 25 cycles in 0.5 M
H,SO, solution  containing  homopolymers.
Copolymer (Cp) was also synthesized in 0.5 M
H»SO, solution containing 0.05 M o-anisidine and
0.05 M o-amino benzyl alcohol. Immobilization
procedure was performed by CV with scanning
from -0.2 to 2.0 V at a sweep rate of 50 mV s for
25 cycles in 1 mM [CoL] solution in acetonitrile
containing 0.15 M LiCIOs. For electrocatalytic
activity studies, Phosphate buffer solution (PBS)
pH 7 was used as supporting electrolyte. Solutions
of DA (1mM), ascorbic acid (AA, 1mM) and uric
acid (UA, 1mM) were prepared daily by dissolving
them in water.
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RESULTS AND DISCUSSION

A typical multicycle CV voltammograms for
electropolymerizations  of  o-anisidine,  o-
aminobenzyl alcohol and its copolymer on Pt
electrode were given in Fig.1. While one oxidation
peak was observed for o-amino benzyl alcohol at
1.2 V, two oxidation peaks were observed for
anisidine at 0.9 V and 1.1 V belongs to monomer
oxidation. On the other hand, at the voltammogram
of copolymer were seen an overlapped oxidation
peak arising from two monomer oxidation. Polymer
film of pBA was obtained dark blue color, whereas
pA was obtained black color. The color of coating
has shifted from dark blue to black color, as the
ratio of anisidine increases in the copolymer. The
SEM images and electrochemical stability
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voltammograms (successive CVs) were also given
in Fig.1. SEM images of homopolymer and
copolymer films were recorded in order to
investigate the surface morphology and structure.
It can be easily seen from SEM images that the
surface  morphologies of homopolymers and
copolymer were different from each other. Also,
these images were shown that the pA coating have
more porous structure than the pBA coating.
Stability voltammograms have given to get the
information about the stability and electroactivity
of the polymer and copolymer films obtained on Pt
electrode with investigating of electrochemical
behavior during successive cycles. The oxidation of
the film was observed in the forward scan and the
reduction was obtained at the reverse scan. Current
values of the polymer film were highly stable and
regularly changed between its redox states during
these successive cycles. It could be concluded that
the polymer film was both stable and extremely
electroactive [18].

FT-IR spectra of homopolymer and copolymer
films are shown in Fig.2. In the spectra of polymer
and copolymer films, the bands are broader than the
bands belongs to monomers of pA and pBA as
described in the literature [19]. It is clear that after
polymerization, due to either increasing molecular

£ cm_l
Fig.2. The FT-IR spectra and proposed structures of pBA (A), pA (B) and Cp (C).

weight or the molecular weight distribution of the
polymers, the signals of polymers become broader
than their monomers. This result is significant
evident for polymer formation in this study. The
peaks which were come from —NH; groups, were
observed at 3458 cm™ and 3368 cm* for o-anisidine
monomer and at 3390 cm? and 3300 cm?* for o-
amino benzyl alcohol, whereas these peaks
disappeared after polymerization. Disappearance of
-NH; group peak indicates that the polymerization
occurs through the -NH group. This situation has
confirmed the proposed structures of the
homopolymers and copolymer.

Electropolymerization voltammograms of [CoL]
on both the bare and the homopolymer- copolymer
coated Pt electrode were given in Fig.3. Oxidation
peak potential of [CoL] which was observed around
1.7 V at bare Pt, shifted to lower potential values at
copolymer coated Pt electrode (Cp-Pt) and peak
current decreased with successive cycles during
immobilization. Film was very stable during the
successive  cycles according to  stability
voltammograms. The SEM micrographs were
indicating to significant differences among coating
morphologies of Cp and Cp-[CoL]. This difference
confirmed the immobilization of metal complex
onto the copolymer.
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In the UV spectrum of the copolymer film after
immobilization of [CoL], the band was observed at
range of 330-450 nm were attributed to the n—zx*
transition of the non-bonding electrons present on
the nitrogen of the azomethine group of the Schiff
base moiety [20]. In addition, the weak bands
observed in the 500-700 nm region can be
attributed to d—d transitions of the metal ions [21].
Cobalt ion distribution at Cp-[CoL] modified
surface was illustrated as red points at spectrum of
SEM-EDAX mapping analysis (Fig.4.). According
to the ICP-MS analysis, quantities of cobalt ion on
modified electrodes were determined as 3.96 ppm,
1.96 ppm and 1.92 ppm for pBA-[CoL]-Pt, pAns-
[CoL]-Pt and Cp-[CoL]-Pt, respectively. These
results have also give an important evidence about
the immobilization of [CoL] onto polymer coating.

Catalytic activity studies for DA were
investigated in different supporting electrolyte
medium like Britton Robinson buffer solution,
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Fig.3. Electropolymerization voltammograms of [CoL] on the bare Pt (A), on the pBA-Pt (B), on the pA-Pt (C) and on

the Cp-Pt (D) in acetonitrile containing 0.15 M LiClO4 with 25 cycles. Successive CVs (Bs, Cs, Ds) and SEM images
(Bi, Ci, Di) of pBA-Pt, pA-Pt and Cp-Pt, after immobilization of [CoL], respectively.

acetic acid/acetate buffer solution and phosphate
buffer solution at modified electrodes. As a result
of these studies, the best electrocatalytic activity for
DA oxidation was observed at pA-[CoL]-Pt
electrode in pH 7 PBS. CV and SWVs were
recorded in this medium for DA at bare Pt and pA-
[CoL]-Pt (Fig.5.). In comparison with the bare
platinum electrode, at this modified electrode,
anodic peak current belongs to DA oxidation has
increased for six times. Also, as can be seen in
Fig.5., anodic peak currents belongs to DA have
proportionally increased with changing DA
concentration from 0,2 uM to 2 mM. As a result of
these studies a linear calibration curve was obtained
for DA in the range of 0,2 uM-2 mM and LOD was
calculated as 0,1 pM.

When electro-oxidation of DA was investigated
in the presence of UA and AA, oxidation peak
potential of DA was observed at 0.2 V by using of
pA-[CoL]-Pt modified electrode and at 0.3 VV was
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observed by using of bare Pt electrode. The
oxidation peak potential of DA appeared on more
negative value at modified electrode than bare Pt
electrode and peak shape was sharper at modified
electrode than bare electrode. In order to investigate
the applicability and selectivity of electrocatalytic
effect on the DA oxidation, SWVs were recorded

2 2
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1,2 -
A 14
0,8
0,6 -
0,4

0,2 -

for different concentrations of DA in the presence
of ImM AA and 1 mM UA. Anodic peak currents
for DA have proportionally increased with
changing DA concentration. Therefore, linear

calibration plots were obtained for DA in the
presence of UA and AA, in the region between 1.6
uM and 8 pM and LOD was calculated as 0,65 pM.
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Fig.4. UV-Vis spectra, SEM-EDAX mapping analysis and SEM micrographs for Cp after and before immobilization of
[ColL].
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Fig.5. CVs and SWVs of DA at bare Pt and modified electrode , SWVs of various concentrations of DA in pH 7 PBS
and calibration plot for DA.
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Fig.6. SWVs of DA in the presence of UA and AA at bare Pt and modified electrode in pH 7 PBS; SWVs of DA for
various concentrations in pH 7 PBS and calibration plot for DA.

CONCLUSIONS

This study shows that metal complexes have
been  successfully immobilized onto the
electroactive polymeric supporting material by
using electrochemical methods. In this way,
alternative systems can be developed to enzyme
immobilization at biosensor applications. Modified
surfaces were characterized by electrochemical,
spectroscopic and microscopic techniques. The
results of the characterization studies have shown
that the films are homogeneous, very stable and
extremely electroactive. Modified electrodes
exhibited catalytic activity towards the oxidation of
DA. Furthermore, they have potential use for other
bioanalytical species at further applications.
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The majority of citizens live in urban areas that dominate the economy and energy use. People living in these areas
can affect the balance of nature since the gradual increase in the earth’s surface temperature is caused predominantly by
human activity. Humans cause the emission of gases such as carbon dioxide through exhaust from cars and power
plants. If this negative effect continues, climate change due to global warming is inevitable. While CO2 concentration
was around 250-280 parts per million (ppm) in the late 1800s, according to the National Oceanic Atmospheric
Administration, it reached 380 ppm in the 2000s and 400 ppm in 2015. If we do not act and if emissions continue to
increase, the global mean temperature may increase by over 30C by 2030. In this study, GHG emissions for 2020 are
predicted for some countries then arithmetic means and standard deviations for GHG emissions are calculated by Excel.
Data on GHG emissions for Europe, Turkey and the U.S. are used for the periods 2004-2013, 1990-2010 and 2000-
2011, respectively. Chemical processes to mitigate GHG in the atmosphere are explained. Oxidation and methanol
synthesis are useful processes to decrease the amount of GHG. Therefore, energy consumption in urban areas is very
important. Reducing energy consumption in cities is possible by increasing the density (increasing the number of people
per square meter in the city), the use of public transport such as subways, buses, trams, and light rail, and the use of

energy derived from waste.

Keywords: Urban; Global warming; Energy consumption; Air quality

INTRODUCTION

Ecologically important types of urban biotopes
are rivers, lakes, marshes, cliffs, sand dunes,
forests, scrub, and valleys [1]. People living in
urban areas have ecological impacts on the
environment because of land used for housing,
traffic and industrial areas [2]. Human activities
like the burning of fossils fuels and deforestation
intensify  the greenhouse effect. Increasing
concentrations of greenhouse gases cause global
warming, ocean acidification, smog pollution, and
ozone depletion. The air temperature in the world
has increased by about 0.7-0.8°C over the last 100
years. Precautionary measures should have been
taken against this increase. Global warming can
cause fish migration, increased melting of glacial
ice and snow, desertification, rises in sea levels,
changes in the amount of precipitation, stronger
storms and extreme events.

Global warming and climate change

Greenhouse gases absorb and emit radiation in
the atmosphere. These gases are water vapor,
carbon dioxide (CO-), methane (CH.), nitrous oxide
(N20), and ozone and their contributions to the
greenhouse effect are 36-72%, 9-26%, 4-9%, and 3-
7%, respectively [3]. The greenhouse gas (GHG)

* To whom all correspondence should be sent:
E-mail: esin.bozkurt@marmara.edu.tr

effect increases the temperature of the earth
because radiation from the planet’s atmosphere
warms the surface of planet. Greenhouse gases
produced by human activity are known as
anthropogenic greenhouse gases. Greenhouse gas
concentrations have increased since the beginning
of the Industrial Revolution [4]. GHGs are covered
by the Kyoto Protocol. This international treaty was
adopted in 1997 and entered into force in 2005.
Turkey became a party to the United Nations
Framework Convention on Climate Change Kyoto
Protocol in 2009. High global warming potential
(GWP) gases are mostly anthropogenic. Gases that
have a greater impact on climate change are CO,
CHa, N0, hydrofluorocarbons (HFCs),
perfluorocarbons (PFCs) and sulfur hexafluoride
(SFs). SFs has a much longer lifetime and stronger
radiative properties than CO.. However, 72% of
totally emitted greenhouse gas is CO,, 18% is CHa
and 9% is N2O. The most important cause is CO5.
This emission is created by industrial,
transportation and agricultural activities, producing
energy, and burning fuels like oil, natural gas,
diesel, petrol, and ethanol [5].

Climate change conferences

The first conference on climate change, the
United Nations Framework Convention on Climate
Change, was held in 1992 when 195 countries and
nearly 150 world leaders met in Paris for the United
Nations Climate Change Conference (COP21) from
30 November to 12 December 2015. National

62 © 2016 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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leaders came to an agreement that will enable us to
realize the transition towards a clean economy and
stop dangerous climate change. By limiting
emissions the aim of the Paris Agreement is to keep
the temperature increase to below 2°C. Finance
flows are planned for low GHG emissions and
climate-resilient development. The Agreement will
be open for signature from 22 April 2016 to 21
April 2017. The period for implementation or
contribution is between 2021 and 2030.

Developing countries need financial aid to adapt
to changes being wrought by climate change. They
need to replace fossil fueled development with
cleaner alternatives. The financial, technology and
capacity-building support was agreed in Cancun in
2010. Industrialized countries committed to
providing funds rising to $100 billion a year by
2020 for developing countries for both mitigation
and adaptation actions [6]. Low carbon
technologies that are energy efficient and
renewable energy can play central roles in global
efforts. Improving forest management also reduces
emissions.

Climate change in turkey

Different regions of Turkey can be affected
differently by climate change although its impact is
quite heterogeneous across the country. For
example, the Southeastern Anatolia region and the
Central Anatolia region are both arid areas under
threat of desertification. The Aegean and
Mediterranean regions do not have enough water
resources so these areas will also be affected. The
impacts of global warming on agriculture are
changes in temperature, sea level, rainfall, heat
waves, CO,, ozone, pests, diseases, and the
nutritional quality of foods. The extinction risk to
animal and plant species, the migration of animals,
adaptation and water resource problems can all be
blamed on global warming [7].

Between 1990 and 2012, Turkey’s gross
domestic product and population increased by
230% and 30%, respectively. Turkey’s energy
demand increases by 6-7% per year. Turkey’s total
emissions in 2012 expressed in CO, equivalent
were 440 million tons. The emission equivalent
rates for these sectors are 70.2 percent in energy,
14.3 percent in industrial processes, 8.2 percent in
waste and 7.3 percent in agriculture. Turkey’s per
capita GHG emission was 5.9 tons CO. equivalent
for 2012. Including industrial emissions, Turkey’s
ratio for global emissions is 0.7 percent. The
Republic of Turkey’s intended nationally
determined contribution (INDC) has been presented
with decisions 1/CP.19 and 1/CP.20. Turkey plans

to reduce GHG by up to 21 percent from the
business as usual level by 2030. GHGs in the
national inventory include CO;, CH4, N2O, HFCs,
PFCs, SFs, and nitrous trifluoride (NF3). Turkey’s
INDC covers seven sectors: energy, industry,
transport, building and urban transformation,
agriculture, waste and forestry. Hydroelectric and
solar powered electricity production will be
increased. In addition to these power sources,
nuclear power plants are planned. Electricity
transmission and distribution losses will be reduced
to 15%. The rehabilitation measures will take place
within electric power plants. Energy efficiency in
industry and the use of waste as an alternative fuel
will be increased. Fuel saving and controlling the
use of fertilizers are included in plans for
agriculture areas. Materials can be recovered and
recycled from waste and converting waste to energy
with methane production will apply in landfills.
Transport will be improved by increasing maritime
and rail transport instead of road transport, the use
of combined and sustainable transport, promotion
of alternative fuels and clean vehicles and the
scrapping of old vehicles. Constructing energy
efficient buildings and the dissemination of Green
Buildings, passive energy, and zero energy
buildings are other plans for reducing energy
consumption [8].

EXPERIMENTAL
Energy circulation plan in urban areas

Urban areas are the most crowded places in the
world. Population growth and land use change in
urban areas should be analyzed. Elemental needs of
human beings such as infrastructure, shelter,
energy, and water should be planned for urban
regions. Cities have significant amounts of global
energy demand and GHGs. If urban areas organize
an energy circulation plan, a sustainable urban
future is possible for livable places. Important
targets can be reducing waste and fuel consumption
and optimizing transportation. Some examples can
be given for these items. Building more public rail
transit facilities can reduce the number of cars and
take their carbon footprints off the roads. With
housing development, residents should be able to
live in public housing with nearby jobs, schools and
public transport. Undesirable and dangerous
walkways prevent people from walking so
pedestrian paths should be created to encourage
walking [9]. When people walk or bike they do not
add to air pollution and will be generally healthier.
When people need to use a vehicle they should be
able to find a convenient bus stop [10].
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Buyers of hybrid/electric cars might pay lower
purchase tax. Increasing the number of people per
square meter in the city is possible with tall
buildings. Subways, buses, trams, light rail and
other forms of public transport reduce travel by
private vehicle. This gives people energy efficient
choices. Gray water from showers, bathtubs,
laundry and bathroom sinks in the home can be
treated and reused.

In Diyarbakir, green spaces are proposed to
represent at least 7-8m? per person [11]. The
number of roadside trees and green spaces can be
improved. Trees can be planted in children’s parks
and school playgrounds, on roofs and walls and
around apartment complexes [12].

Energy efficient design, building insulation and
user behavior can reduce the amount of energy used
for heating, cooling, lighting, ventilation, and
cooking. These lower energy consumption so air
pollution is reduced [13, 14].

Greenhouse gas chemistry

Many trace gases such as CH4, CO, and HCFCs
are removed from the atmosphere by oxidation. OH
is the initiator of radical-chain oxidation. CO and
methane are sinks for OH [15].

All GHGs but CO; and H,0 can be removed by
chemical processes. While GHG containing H
atoms can be removed by reaction with hydroxyl
radicals (OH) in the troposphere, N.O, PFCs, SF6,
CFCs and halons can be destroyed by solar
ultraviolet radiation (UV) at short wavelengths
[16].

Capture, disposal or chemical recycling
technologies can be used to mitigate GHG. After
recycling in a chemical process, CO, and methane

can be formed as useful products such as methanol
or dimethyl ether. Methanol is a liquid material so
it is easily stored and transported. Methanol is an
important industrial chemical and potential fuel.
Conventional vehicles can use methanol in the
same way as gasoline or diesel to power an internal
combustion engine. Methanol has an energy density
of 17.6kJ/cm, which is about twice that of
hydrogen. Methanol synthesis is a method of
converting hydrogen to methanol with CO; in a
thermal reactor at about 220°C under moderate
pressure (20-50 bars) [17].

The synthesis of methanol and dimethyl
carbonate leading to the utilization of CO; can be
used in industry. Dry reforming is the most
recognized method because it uses CO; [18, 19].

Greenhouse gas emission estimation for Europe

Linear regression is an approach for modeling
the relationship between a scalar dependent
variable y and one or more independent variables.
GHG emissions for 29 countries between 2004 and
2013 are shown in Fig. 1 [20]. Data on GHG
emissions for Europe are taken from the European
Environment Agency. This study investigated GHG
emissions. Statistics on GHG emissions between
2004 and 2013 are applied to provide estimates for
29 countries (Table 1).

Linear regression estimation for 29 countries
was applied. Arithmetic means, standard
deviations, regression formulas, coefficients and
predictions for GHG emissions are calculated by
Excel (Table 1). Predictions of GHG emissions in
2020 range from three million tonnes to 826 million
tonnes while the global GHG emission prediction
for 2020 is 3505.56 million tonnes.
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Fig. 1. GHG emissions for 29 countries between 2004 and 2013 [20].
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Table 1. Linear regression estimation for 2020.

Arithmetic Prediction of GHG
Standard . T
Country Mean L Regression formula emission in 2020
. devitation -
(million tonnes) (million tonnes)

Lithuania 14 3.90 y = 0.6606x + 5,3151 16.55
Luxembourg 12 0.65 y =-0.2048x + 13,001 9.52

Hungary 64 6.39 y =-2.1747x + 76,26 39.29
Malta 3 0.10 y = 0.0068x + 2,9584 3.07

Netherlands 213 7.39 y =-2.2063x + 224,81 187.30
Austria 79 3.45 y = -1.0345x + 84,551 66.96
Poland 365 10.69 y =1.0723x + 358,67 376.90
Portugal 66 10.34 y = -3.2483x + 83,722 28.50
Romania 109 14.52 y =-4.7352x + 134,81 54.31
Slovenia 14 0.99 y =0.0699x + 13,904 15.09
Slovakia 41 3.31 y =-1.0111x + 46,999 29.81
Finland 43 7.10 y =-0.9827x + 48,207 31.50
Sweden 21 5.40 y =-1.5287x + 29,14 3.15

United Kingdom 634 52.78 y =-17.622x + 730,86 431.29
Iceland 16 0.46 y =0.0707x + 16,078 17.28

Table 2. Turkey’s sectoral regression estimations.

Arithmetic Prediction of GHG
Standard ) Lo
Country Mean L Regression formula emission in 2020
(million tonnes) devitation (million tonnes)
Lithuania 14 3.90 y = 0.6606x + 5,3151 16.55
Luxembourg 12 0.65 y =-0.2048x + 13,001 9.52
Hungary 64 6.39 y =-2.1747x + 76,26 39.29
Malta 3 0.10 y = 0.0068x + 2,9584 3.07
Netherlands 213 7.39 y =-2.2063x + 224,81 187.30
Austria 79 3.45 y =-1.0345x + 84,551 66.96
Poland 365 10.69 y =1.0723x + 358,67 376.90
Portugal 66 10.34 y =-3.2483x + 83,722 28.50
Romania 109 14.52 y =-4.7352x + 134,81 54.31
Slovenia 14 0.99 y =0.0699x + 13,904 15.09
Slovakia 41 3.31 y =-1.0111x + 46,999 29.81
Finland 43 7.10 y =-0.9827x + 48,207 31.50
Sweden 21 5.40 y =-1.5287x + 29,14 3.15
United Kingdom 634 52.78 y =-17.622x + 730,86 431.29
Iceland 16 0.46 y =0.0707x + 16,078 17.28
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Table 3. U.S.’s sectoral regression estimations.

Regression formula

Prediction of GHG
emission in 2020
(million tonnes)

Arithmetic
Standard
Sector Mean o
o devitation
(million tonnes)
Energy 4166.00 132.81
Transportation 1835.75 65.56
Industrial processes 332.75 17.38
Agriculture 450.25 12.30
Forestry and land use 28.25 6.38
Waste 133.00 3.67
Forestry and land use (Sinks) -868.50 115.44
Total net emissions 6077.50 232.44

y = -24.416x + 53156
y = -10.383x + 22669
y = -3.3182x + 6990.7
y = 2.7857x - 5139.3
y = -0.0325x + 93.396
y = -0.7143x + 1566.2
y = -16.286x + 31809
y = -52.364x + 111145

3835.68
1695.34
287.94
487.81
27.75
123.31
-1088.72
5369.72

Greenhouse gas emission estimations for sectors in
Turkey and the U.S.

Sectoral GHG emissions of Turkey and U.S. are
estimated by linear regression for 2020. Sectoral
GHG emission data for Turkey and the U.S. are
taken respectively from T.C. Turkish Statistical
Institute and Inventory of U.S. Greenhouse Gas
Emissions and Sinks in Figs. 2, 3. In this study,
arithmetic means, standard deviations, regression
formulas, coefficients and predictions for GHG
emissions are calculated by Excel (Tables 2, 3).
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Fig. 2. Sectoral distribution of GHG emissions in Turkey
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Fig. 3. Sectoral distribution of GHG emissions in the
U.S. [22].
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Sectoral GHG predictions in Turkey and in the
U.S. are shown respectively in Tables 2 and 3.
Linear regression estimations for Turkey and the
U.S. are respectively 499.88 million tonnes and
5369.72 million tonnes for 2020.

RESULTS AND DISCUSSION

High global warming potential (GWP) gases and
their chemical properties are explained in this
study. GHG emissions are increasing because of
population growth and the increase in living
standards. Linear regression estimations for Turkey
and the U.S. are respectively 500 million tonnes
and 5370 million tonnes for 2020. Prediction of
GHG emissions in 2020 range from three million
tonnes to 826 million tonnes for Europe. Global
GHG emission prediction for 2020 is 3506 million
tonnes. Precautionary measures that should be
taken against global temperature increase are
explained. Chemical processes like oxidation and
methanol synthesis reduce the amount of GHG in
the atmosphere. Energy circulation items against
further temperature rise can be the planting of trees
in school gardens and on roofs and walls and
around public institutions and religious buildings,
the expansion and reformation of green areas in
children’s parks, and improving green areas around
buildings and on roadsides.
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