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Preface

This special issue of the Bulgarian Chemical Communications is dedicated to new trends in
chemistry and consists papers based on oral and posters presentations from the All in One
Conferences, 3rd International Conference on New Trends in Chemistry organized in Helsinki,
Finland, 28-30 April 2017. The topics are Polymer Chemistry and Applications,
Pharmaceutical Chemistry, Computational Chemistry, Environmental Chemistry, Bio
Chemistry, Physical Chemistry, Analytical Chemistry, Organic Chemistry, Material Chemistry
and Inorganic Chemistry. In this issue, it is selected 20 manuscripts for publication.

This conference is provided a common platform for scientists and experts from various
institutions to share knowledge, ideas, and achievements, to discuss impedance data analysis in
a friendly environment. The symposium was dedicated to recent developments in chemistry
field.

We would like to express our sincere gratitude to all the authors and reviewers of the
manuscripts, and to the editorial team of the Bulgarian Chemical Communications, all of whom
have critically evaluated and improved the content.
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Email: agnieszkakaczor@umlub.pl
Assoc.Prof.Dr.Dolunay SAKAR DASDAN
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Insecticides are used in agriculture, medicine, industry and by consumers, indoor. Insecticides are also claimed to be a
major factor behind the increase in agricultural 20" century's productivity. On the other hand, modes of their action is
important in understanding whether an insecticide will be toxic to unrelated species, such as fish, birds and mammals.
On the other hand, molecular docking, a new way of illuminating the effect mechanisms of biologically active
chemicals offer a new green chemistry field. As provided herein, although 2-iminothiazoles are designed, synthesized
and tested as protein tyrosine phosphatase 1B inhibitors, cannabinoid receptor ligands, pifithrin-a. p53 inactivators, etc.
there is not any remarkably record on their insecticidal docking study. Present work introduce the molecular modelling
and mapping of active site of previously synthesized by us insecticidal 2-iminothiazole derivatives, by using classical

docking techniques i.e. MOE, etc. and discuss their result.

Key words: molecular modelling; docking; insecticide; 2-iminothiazole; acetyl CoA carboxylase

1. INTRODUCTION

Insecticides are essential tools for preventing or
minimizing insect damage to, and significantly
increasing the quality and quantity of crops, as well
as for improving the quality of life for humans,
domestic animals and livestock. There are currently
more than 20 different mechanisms, or modes of
action, by which various commercial insecticides
control insects by disrupting specific vital
biological processes, but not all of these can be
used against any particular pest insect. Despite the
best efforts of the entire crop protection industry, a
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new insecticide mode of action comes to market
only every 5 or 10 years, the last being in 2007 [1].

Neonicotinoid insecticides, i.e. imidacloprid
(IMI) and clothianidin (CTD), which act on
nicotinic acetilcholine receptors (nAChRs), yet the
molecular basis of such action is poorly understood.
The crystal structures in complex with aceylcholine
binding protein from Lymnaea stagnalis (Ls-
AChBP) which are deposited to Protein Data Bank
(PDB) suggested that the guanidine moiety of IMI
and CTD stacks with Tyr185, while the nitro group
of IMI but not of CTD makes a hydrogen bond with
Gln55 [2].
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Fig. 1. Neonicotinoid insecticides

IMI showed higher binding affinity for Ls-
AChBP than that of CTD, consistent with weaker
CH-p interactions in the Ls-AChBP-CTD complex
than in the Ls-AChBP-IMI complex and the lack of
the nitro group-GIn55 hydrogen bond in CTD. Yet,
the NH at position 1 of CTD makes a hydrogen
bond with the backbone carbonyl of Trpl43,

* To whom all correspondence should be sent.
E-mail: americ@anadolu.edu.tr; asiye.meric@gmail.com

offering an explanation for the diverse actions of
neonicotinoids on nAChRs [2].

With an aim to explore the binding sites, the
complementary applications of molecular docking
were employed to understand the interaction
between bovine serum albumin (BSA) and the
organophosphate insecticides monocrotophos and
phosphamidon [3], cf. Fig. 4.
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Fig. 2. Imidacloprid (IMI) and clothianidin (CTD) binding to Lymnaea stagnalis AChBP (Ls-AChBP). (a) IMI-Ls-
AChBP complex. (b) CTD-Ls-AChBP complex [2].
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Fig. 3. Electron density maps of bound ligands and their interactions with the loop E region [2].
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Fig. 4. Organophosphate insecticides monocrotophos and phosphamidon.

Fig. 5. The molecular docking results suggested that the insecticides bind to BSA into the hydrophobic cavity of
subdomain A [3].
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Among several classes of pesticides, carbamate
compounds are widely used insecticides and
acaricides. Formetanate (FMT) is one of them [4].

Laccases which are found in many plants, fungi
and microorganisms are copper-containing oxidase
enzymes. The latest research regarding modeling of
laccase inhibition by formetanate suggested that the

calculations identified Asp206 as the most relevant
moiety in the interaction of FMT with the laccase
enzymatic ligand binding domain. The amino acid
residue Cys453 was important, because the
Cys453-FMT interaction energy was not affected
by the dielectric constant, although it was not a
very close residue [4].
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Fig. 6. Formetanate (FMT).
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Fig. 7. Schematic representation of the binding pocket of the Lac showing the most important residues involved in the
binding interaction in two different views. The only relevant residue that forms a hydrogen bond with FMT is Asp206,
as shown in B. Cys453 residue is important for interaction [4].

QSAR analyses of organophosphates for
insecticidal activity and its in-silico validation
using molecular docking study have been revealed
that selected OP analogues from combinatorial
library were docked against the generated model of
AChE of M. domestica as receptor. The binding
pockets of these ligands were observed to be very
similar to that of other OPs including TCVP as
reported earlier, thus hinting about the insecticidal

0 %ﬂrﬁ
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Para-196 (-7.24; 6.86)

Para-224 (-8.04; 1.28)

nature of the selected OP ligands. The binding sites
(Fig. 8) analyses reflected that four amino acid
residues (Ser-235, Try-160, Trp-83, Phe-368 and
His-477) were commonly present as the interacting
residues with docked OP ligands. Also, the binding
efficiency was elevated when other aromatic side
chains (viz., Tyr-367, Tyr-367, etc.) were involved
in interaction with the ligands [5].

TCVP (-7.96; 1.47)

Fig. 8. The docking site of selected OP analogues of combinatorial library and Tetrachlorvinphos (TCVP) showing
interacting residues when docked against M. Domestica AChE (pdb ID: 1DX4) [5].
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Fig. 9. Dataset compounds aligned on Molecule OP22 (maximum activity) [5].

Molecular modeling of insecticides have been studied for tetronic acid derivatives via the inhibiton of

acetyl-CoA carboxylase (ACCase) [6].

@)
0

HO ) )
Tetronic acid

Cl
O,
ﬁo
Cl

¥

Designed lead comp.
LCso: 13.7 mg/L (A.
Spirotetramat Spirodiclofen Spiromesifen Fabae)
8.9 mg/L (T.
cinnabarinus)
d derivatives and designed lead compound [6].

Fig. 10. The structure of representative tetronic aci
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Fig. 11. Interaction mode of ACCase and active compounds 91b (A), 91 (B) and 91k (C) proposed by molecular
docking and their molecular overlay (D). (pdb ID: 3PGQ) [6].
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This application relates to thiazolylidene
containing compounds, compositions comprising

conditions and disorders using such compounds
and compositions.

such compounds, and methods of treating
0
s
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N
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Fig. 12. Thiazolylidene compounds.

(-) — A%Tetrahydocannabinol (A°-THC),
major psychoactive constituent of marijuana, exerts
a broad range of effects through its interactions
with two cannabinoid (CB) receptor subtypes, CB1
and CB2 [7].

Organophosphorus  compounds (OPs) may
irreversibly inhibit acetylcholinesterase (AChE),
this enzyme is responsible for the hydrolysis of
acetylcholine (ACh) which terminates nerve
impulse transmission. A promising alternative route
for OP detoxification and degradation is enzymatic
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catalysis.  OP  degrading  enzymes  are
phosphotriesterase (PTE) (cleave different OP,
breaking P-O, P-F, P-CN and Ps bonds), Human

Serum Paraoxonase 1 (HsSPON1) (degrade
substrates such as esters, lactones, oxidized
phospholipids and OPs), diisopropyl
fluorophosphatase (DFPase) and Human

Butyrycholinesterase G117H Mutant (HssBuChE)
[8]-
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Fig. 13. General structures of organophosphorus (OPs) and common used OP compounds.

This reported knowledge point out that, at the
AChE active site, the catalytic triad (Ser203-
Glu334-His447) is found at the bottom of the active
site gorge, surrounded by three important structural
features for catalytic activity: the acyl pocket
(residues Phe295, Phe297 and Phe338), the
oxyanion hole (main chain nitrogen from residues
Gly121, Gly122 and Ala204), and the choline-
binding site (Trp86 and Tyr337) (Fig A). The
phosphoryl oxygen of tabun adduct interacts with
the amino acid residues in the oxyanion hole
(distance of 2.5, 2.7 and 3.0A from Gly121, Gly122
and Ala204, respectively). The dimethylamino
group is in the acyl pocket, interacting with Trp236
and Phe338 residues (Fig B). The two Zn?" ions (a-

Zn and B-Zn) in the PTE active site are found at a
distance of ~3.4A from each other and they are
linked to the enzyme structure by means of the side
chains of His55, His57, His201, His230, Asp301
and Lys169. (Fig C).

The proposed reaction mechanism for the PTE
catalyzed reaction begins with a nucleophilic attack
by an activated water molecule on the P center,
resulting in an inversion of configuration. That is,
the reaction takes place via bimolecular
nucleophilic substitution (SN2) mechanism, where
the Asp301 serves as a weak base, which removes
an H atom of the water molecule, activating it.
Afterwards, the resulting hydroxyl ion attacks the
central P. A second reaction mechanism is possible
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for the OP degradation by PTE. In this case, there
will be an attack to the P center directly by the

carboxylic oxygen from the side chain of Asp301,
promoting the expulsion of the leaving group and

His447

(A) 3D structure of HssAChE obtained
from the PDB under the code 3LII, and
detailed view of the catalytic site, with
the catalytic triad (cyan) and the main
amino acid residues of the acyl pocket
(blue), the oxyanion hole (red), and the
choline-binding site (green).

(B) The main interactions of tabun in
the active site of hAChE (PDB:
2X8B). Hydrogen bonds are
represented by black dashes.

(C) Crystallographic structure of
PTE (PDB: 1DPM) and
coordination environment of the
two Zn?* jons (a-Zn and B-Zn).

(D) Crystallographic
structure of HssPON1
(PDB: 1V04) and
coordination environment
of catalytic calcium ion
(Ca? -2).

(E) 3D structure of squid DFPase (PDB:
3BYC) and coordination environment of
catalytic Ca*? ion (Ca*?-1)

(F) 3D structure of HssBuChE (PDB
code: 1POM) and detailed view of the
catalytic site, with the catalytic triad
(cyan) and the main amino acid
residues of the acyl pocket (blue), the
oxyanion hole (red), and the choline-
binding site (green).

(G) The main interactions of VX

in the active site of G117H mutant

(PDB: 2XMG). Hydrogens bonds
are depicted by black dashes.

Fig. 14. Detailed view of the catalytic site of OP degrading enzymes with their ligands [8].

cleavage of the OP. This reaction is assisted by
Asp301 (for Fig C).In the active site f DFPase, the
Ca*%-1 is coordinated with seven ligands, three
water molecules and the side chain of Glu2l,
Asn120, Asnl75, and Asp229 (Fig E).

BuChE has a large active site (500 A%) and it is
normally subdivided in four parts: the acylation
site, the choline-binding pocket, the acylbinding
pocket and the peripheral anionic site (PAS). The
acylation site is located at the bottom of the gorge
and contains the catalytic triad: Ser198, Glu325 and
His438 in HssBUuChE. The oxyanion hole is
important to provide stabilization to the proposed
transition states in the hydrolysis reaction through
H-bonds and it consists of the side chains of
residues Gly116, Gly117 and Aspl199. The key
residue of the choline-binding pocket is the Trp82,
which is involved in cation-n interactions. The
acyl-binding pocket is composed mainly by
Trp231, Leu286 and Val288. And, lastly, the PAS
is located at the rim of the gorge, however this is
controversial because three key aromatic residues
in the PAS of AChE are missing in BuChE (Fig F).

10

Proposed hydrolysis mechanism for HssBuChE
cover that as a first Ser198 is activated by His438
and Glu325 and then Ser198 attacks the OP center,
forming a pentavalent TS, before the departure of
the leaving group. The TS is stabilized by the
amino acid residues in the oxyanion hole. Then, a
phosphorylated enzyme intermediate is formed.
This intermediate is very stable in the wild type
HssBuChE but unstable in the G117H mutant. The
following step is the nucleophilic attack on the P
atom by a water molecule, which may be activated
by His438. Lastly, the product is released and the
enzyme regenerated (for Fig F).

In (Fig G), the main interactions of VX in the
G117H active site are represented. The VX adduct
is positioned in such way that methyl group is
located near His438 and the ethoxy group in the
acyl-binding pocket, pointing toward Val288. The
phosphoryl oxygen is interacting with the main-
chain nitrogen atoms of the residues in the
oxyanion hole (distance of 2.7, 2.8 and 3.2A from
His117, Gly116 and Alal99, respectively).
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As pointed out at the many manuscript,
bioremediation presents the most promising
technology today to destroy OPs have been shown
to be very efficient in detoxification of several OPs
but the lack of knowledge of their mechanisms of
action have limited the development of this
action of these enzymes and have already
contributed to important advances in the
engineering of more efficient OP degrading
enzymes. It is apparent that the theoretical
investigations will continue reveal much more and
contribute for the development of more efficient
ways of detoxifying OPs [8].

On the other hand, our focused on spesific
functional heterocycle, 2-iminothiazoles are
designed, synthesized and tested as protein tyrosine
phosphatase 1B inhibitors [9], cannabinoid receptor
ligands [7], pifithrin-a p53 inactivators [10], etc.
there is not any remarkably record on their
insecticidal docking study.

technology. Fortunately, computational
enzymology, using molecular modeling techniques
like molecular docking, MD simulations, and
QM/MM studies, provide the appropriate tools to
improve the knowledge of the mechanisms of

The present work aimed to introduce the
molecular modelling and mapping of active site of
previously synthesized by us insectisidal 2-
iminothiazole derivatives [11], by using classical
docking techniques, i.e. MOE, etc. [12]

2. MATERIAL AND METHODS

Synthesis
Synthetic  procedure  of  2-iminothiazole
compounds was described previously by us [11].
Promising insecticid derivatives were selected for
docking data set and illustrated on Table 1.

N R\1
Q% N/C\ Re

Fig. 15. General structures of 2-iminothiazoles
Table 1. The structures of tested compounds:

HoN :
HN

HN :
HO

Benzamidine Benzimidic acid
Tested Tested Tested
The structures of tested The structures of tested The structures of tested
comp. omp.
D compounds D compounds D compounds
FC FiC, FC
N N N
[ I \ I !
NC/t)\T I S)\T 1 g)\i
6 N\H 9 26 s
O~ N\N N/
(I o
CFs CF3 N CF3
. N-(5-lodo-4-trifluoromethyl-
s At ) (5-lodo-4-trifluoromethyl- D).
iator21) N-methony-3. thiazol-2:y1) [2-[1.2]riazol- wiforomatyl-
trifluoromethyl-benzamidine 1%/:]_1[;_@;?1:32;%3“_22?;; thiobenzimidic acid
pheny y dimethyldithiocarbamyl ester
FsC, FaC, Fic
N N N
§ gk by
|/t)\§ cl s rit | s)\\‘
95 N\H 98 o\ 99 NH,
CF3 CFy CFs
. N-(5-Chloro-4- .
Nt'éi;z'gld_g'_“];f',fl'.‘_’%reot’g‘efg" trifluoromethyl-thiazol-2-yl)- N'(S"?ﬁ?;;."zf_luﬁfgimthyl_
- Y Yo 3-trifluoromethyl-benzimidic . Y -
trifluoromethyl-benzamidine acid methyl ester trifluoromethyl-benzamidine
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C|I>\N IX\
121 ) S\\ 143 !
&
[2-Imidazol-1-yl-1-(3-
N-(5-Chloro-4-trifluoromethyl- trifluoromethyl-phenyl)-
thiazol-2-yl)-3-trifluoromethyl- ethylidene]-(5-iodo-4-
thiobenzimidic acid ethyl ester trifluoromethyl-thiazol-2-yl)-
amine
Materials the structure preparation module of MOE. As the
. . rotein contains th -crystallized ligand, th
Literature search were performed by using protein contains the co-crystallized ligand, the

SciFinder, Web of Science and Protein Data Bank
databases. Chemical drawing programs: 2D
Drawings were made using ChemDraw and ISIS
Draw programs. 3D drawing of chemical molecules
was carried out using the MOE 2016 program
(AUBAP, 2017, 1701S009). All text writing and
chemical drawing, application procedure were
accomplished by Intel Core i7 processor (7700
HQ), Windows 2010 operating system workstation
(AUBAP, 2017, 1701S009). For docking study,
reference ligand-receptor/protein complexes were
transferred from RCSB Protein Data Bank for
known active site placement. For docking study, the
active chemical compound (ligand) was removed
from the ligand-receptor/protein complex crystal
which is transferred from the Protein Data Bank,
and replaced with designed compounds, then
investigate to whether show similar interactions
with the reference ligand.

Methods

As initial, data set compounds overlay and
observed the alignments. As a first attempt to
docking, imidacloprid (IMI) was selected as model
and its crystal complex structure with nicotinic
acetilcholine receptor (NAChRs) was retrieved from
the RCSB Protein Data bank (PDB: 2ZJU).

Molecular docking
Preparation of receptor

Molecular Operating Environment (MOE 2016)
was used for current studies [12]. The protein
preparation step involved 3D protonation energy
minimization and active site identification. The
crystal structure of Ls-AChBP was obtained from
protein data bank (PDBID 2ZJU) [2]. The co-
crystallized bound compound and water molecules
were stripped off from the crystal structure. Protein
was energy minimized and 3-D protonated by using

12

active site was identified by using site finder
module of the MOE. The pocket was found to be
deep cleft lined with the key residues including
both hydrophobic and hydrophilic amino acids.

Preparation of ligands

The ligand files for molecular docking studies were
prepared in Molecular Operating Environment
(MOE-2016.0802) by chemical computing group
(CCG) and were followed by energy optimization
at standard MMFF94 force field level, with a
0.0001 kcal/mol energy gradient convergence
criterion [12]. The optimized geometries were
saved in molecular data base file for further studies.

Molecular docking studies

The optimized ligands were docked with the Ls-
AChBP (PDBID 2zJU) protein using the MOE-
Dock program. For docking, default MOE docking
parameters, i.e. Triangle Matcher Algorithm with
two rescoring functions, London dG and
GBVI/WSA dG were utilized to generate 30 poses
of each compound. As a result of docking run, mdb
output files were generated enclosing all docking
results with scoring and multiple conformations of
ligands. AIll the docked conformations were
analyzed and the best scored pose for each
compound was selected for further studies of
interaction evaluation. The 2D ligand-protein
interactions were visualized using the MOE ligand
interactions program.

RESULTS

Activity on nicotinic acetilcholine receptors
(nAChRs) has been checked by using Ls-AchBP
crystal structure complexed with imidacloprid
(PDBID 2ZJU) replaced by data set. Docked
compounds on 2ZJU showed correspondence
interaction with imidacloprid.
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Fig. 16. Alignment of dataset compounds. (a) Selected compound as pink is Comp. 26;(b) Selected compound as pink is
Comp. 6; (c) Alignment of all dataset compounds except Comp. 26 and Comp. 6.
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Fig. 18. PDB: 2ZJU ligand interaction with its own ligand IMI (a) together with water, (b) later than removed water.

CONCLUSIONS

It is stand out that the alignment of data set is
not able to accomplish because of non-symmetric
property of imines. Their configuration of imines
may result in different activity or ranging from
more to less affinity to related enzyme binding. To
identify clearance of activity, further purification
and elucidation of structures i.e. X-ray
crystallography may offer valuable activity results

for non-symmetric imines. Based on the
preliminary docking study of data set, we observed

favourable interaction complexes of the designed
compounds with target protein Ls-AchBP. Further
biological testing will be carried out to verify the
docking studies. In accordance with the in-silico
docking and activity results would allow us to
develop new strategies for novel active compounds.
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The effect of solvents (H-donor; H-acceptor and both H-acceptor and H-donor solvents) casted on the poly(ethylene
glycol) (PEG) samples with varying molecular weights (2000, 4600, 8000 and 10000) was performed solid-state
characterization by Fourier Transform Infrared Spectroscopy (FTIR), Raman and X-ray Diffraction (XRD) in submitted
study. In this study, spectral differences were classified with respect to stretching, bending, rocking, angle bending,
internal rotation frequencies and low-frequency Raman region according to functional groups and thus crystallinity
were evaluated as related with solvent character and polymer molecular weight. Crystalline and amorphous regions in
the XRD diffractograms have been found by Polynomial Regression method through Microsoft Office Excel program
and subsequently, crystallinity percentages were evaluated. From XRD spectra of PEG/solvent systems, the highest
decrease in crystallinity percent has been detected in the sample cast from tetrahydrofuran. On the other hand, the
largest frequency shifts of various stretching and bending vibrations of PEG have been observed for the samples cast
from chloroform and especially tetrahydrofuran in FTIR and Raman spectra.

In the end of trio study, the parallelism of both computation and thermodynamic and spectroscopic data about
solubility profiles of PEG/solvent systems has been determined. The results indicated that association power of solvents

in PEG samples prepared by solvent cast technique was decreased below order:
tetrahydrofuran > chloroform > dimethyl sulfoxide > methanol > water.

Key words: Poly(ethylene glycol); solvent cast technique; fourier transform infrared spectroscopy; raman; X-ray

diffraction.
INTRODUCTION

Insecticides are essential tools for preventing
or m Poly(ethylene glycol)s (PEG)s comprehend a
series of water soluble, no irritating, linear chain
polymers of oxyethylene units, with low toxicity.
These properties enable their use for commercial
and technological applications such as purification
of biological materials, pharmaceutical drugs,
edible films for food coating and water treatment
[1-6]. Chen et al. [7] remarked that PEG aqueous
solutions can profoundly affect water structure,
reducing cohesivity and some aspects of H-bonding
and thereby increasing the solubility of relatively
less polar species. Dinc et al. [8] have calculated
solubility parameters with group contribution
methods among indirect methods for PEG and
different solvents. They have been determined as
the best solvent is THF and weakest solvent is
water with algorithmic calculations. In addition,
have been investigated solution thermodynamics of
PEG/solvent systems with viscometric studies [9].
The unperturbed molecular dimensions of PEG
samples have been evaluated. The thermodynamic
aspects of PEG in dilute solutions have been

* To whom all correspondence should be sent.
E-mail: ozdemir.cemile@gmail.com or
cozdemir@mku.edu.tr

explained. The investigation of spectral evidences
for algorithmic calculations and thermodynamic
magnitudes presents purpose of offered study. In
the submitted spectroscopy study, PEG samples
prepared by solvent casting technique and pristine
PEG samples (no solvent interaction) were
compared and characterized in solid-state by FTIR,
Raman and XRD imagines.

MATERIALS AND METHODS
Reagents

PEG samples used in this study were supplied
from Aldrich. The molecular weight distribution
and densities of polymer samples were determined
by the manufacturer and are given in Table 1.

Different  solvents  (H-donor  solvent:
chloroform; H-acceptor solvents: THF and DMSO;
both H-acceptor and H-donor solvents: methanol
and water) were used without further purification to
prepare sample by casting technique. All other
reagents were of analytical grade and used without
further purification. The water used in the study
was of ultrapure grade.

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Table 1. The molecular weight characteristics and densities of pristine PEG samples.

density at 25 °C

polymer (@ /mi) M. M M, polydispersity index
PEG 2000 1.127 1880 2030 2666 1.080
PEG 4600 1.127 3940 4040 4099 1.025
PEG 8000 1.270 7330 7550 7659 1.030
PEG 10000 1.070 10850 10950 11069 1.009

*GPC-RALS study conditions:

Solvent: NaH»PO., NaCl, Column set: 2xG2500PWXL aqueous column. Triple detector: refractive index, right
angle light scattering, viscometer. Detector temperature: 35 °C.

Preparation of samples by solvent casting
technique

Twenty different solutions were prepared by
adding of the appropriate amount of the each
solvent (water, chloroform, DMSO, THF and
methanol) on PEG samples with different
molecular weights (2000, 4600, 8000 and 10000).
The concentrations of PEG solutions were changed
between 1.0-0.2 g/dL according to molecular
weight of polymer. And then, these solutions were
magnetically mixed for 2h until completely
homogenized at room temperature and dried at
25°C under vacuum.

XRD measurements
Casting technique for XRD samples was done
by using best solvent (THF), and weakest solvent
(water) determined for PEG from algorithmic
calculations [8]. XRD patterns were taken at
Hacettepe University, in Physics Engineering
Department by using a Rigaku DMAX 2200 X-ray

Powder Diffractometer in the 260 =5° —60° range
with CuK , radiation. This diffractometer consists

of a RINT2000 wide angle goniometer with a 1/2°
dispersion slit, a 0.73 mm scatter slit and a 0.3 mm
receiving slit. The Cu anode X-ray tube was
operated at 40kV and 36mA in combination with a
Ni filter to give monochromatic CuKq X-rays.
Measurements were taken from 5° to 60° in the
Bragg’s angle 26 scale at a step size of 4° per min
for qualitative analysis. Diffractograms were taken
at room temperature consecutively. Crystalline and
amorphous regions were found by polynomial
regression method subsequently, crystallinity
percentages were evaluated.

FTIR measurements

Samples (0.01 g) were finely ground and
analyzed by dispersing them in 0.09 g of dried
spectroscopic grade KBr (Merck) by pressed-disc
technique. The FTIR spectra were recorded on an
ATI UNICAM Mattson 1000 FTIR spectrometer at
room temperature. The spectra were collected over
the range 4000-400 cm™ by averaging 40 scan at a
maximum resolution of 2 cm™,
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Raman Measurements

Casting technique for Raman samples was
done by using best solvent (THF), mediate solvent
(chloroform) and weakest solvent (water)
determined for PEG from algorithmic calculations
[8]. Raman spectra of samples were recorded using
Labram HR800 Raman spectrometer (Jobin Yvon)
with a He-Ne laser source emitting at 633 nm, 600-
1200 grooves/mm holographic grating and a charge
coupled device (CCD) detector. Raman spectra
were obtained in 250 s integrations with an average
of three scans. Spectra were recorded with
reproducibility within 1 cm™, hole: 400 um, slit:
150 pm, resolution: 0.1um.

RESULTS AND DISCUSSION

XRD analysis
X-ray powder diffractograms of PEG samples
are shown in Figs. 1-2 which show diffuse areas
with sharp band, suggesting uniform crystallization.

In Figs. 1 and 2, diffractions were mainly
observed at two angles (26 =19.3° and 23.5°). It
was found that these two angles are in quite good
agreement with those in literature and it is a semi-
crystalline polymer [10-15].

The crystallinity results of PEG samples were
given in Table 2.

In pristine polymer samples, percentage of
crystallinity for PEG 2000 and 4600 was yielded
62-63% whereas for PEG 8000 and 10000, this
value is dropped to 56%. As the molecular weight
of the PEG increases, concentration of the OH
groups is reduced, and, in this way, the number of
H-bonds and crystallinity is decreased. From Table
2, it was observed crystallinity was decreased as the
solvents penetrate into the structure of pristine
PEG. The crystallinity results revealed that THF
being more effective than water was led to a greater
change in polymer conformation with introducing
to PEG structure. This behavior, in turn, was ended
up with the conclusion that crystallinity of samples
prepared by casting THF is drop more than those in
water. While Petrova et al. [11] find the crystallinity
as 65% through X-ray studies for PEG 2000.
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Table 2. The percent crystallinity of pristine and solvent-treated PEG samples.

X (%)

PEG prepared by

PEG prepared by

pristine PEG casting water casting THF
PEG 2000 62 44 33
PEG 4600 63 44 33
PEG 8000 56 46 33
PEG 10000 56 46 32
FTIR and Raman spectroscopy intermolecular H-bonding interactions

In this part, spectral differences have been
grouped with respect to characteristic fields and
thus changes related with solvent character and
molecular weight was evaluated.

O-H stretching

When investigated on the basic of molecular
weight among pristine PEG samples, whilst the OH
stretching frequency of the pristine PEG 2000 was
observed at 3426 cm™, the OH stretching frequency
of pristine PEG 10000 was shifted towards 3504

cml. This shift is around ~80 cm™ . It can be
clearly stated that much higher OH stretching
frequency is attributed to the presence of intra- and

[0—H---0—H as well as O—H--0 (ether
oxygen)] in PEG [16]. PEG 2000, as a consequence
of the abundance of OH end-groups and H-bond
formation of these groups among themselves, the
OH stretching frequency is weakened and the
spectrum shifted towards lower wavenumbers. As
the molecular weight increases, peak areas were
decreased relatively because the number of end
groups fall by increasing molecular weight. The
shift of free OH vibrations to higher wavenumbers
displayed in pristine PEG samples with increasing
molecular weight was also observed in the samples
prepared by casting solvent (Table 3).
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Table 3. FTIR bands of OH end-group stretching for different molecular weight PEG/solvent systems.

V.OH (cm'l)
Polymer pristine PEG casting from
PEG water methanol DMSO chloroform THF
3494(m)
PEG 2000 3426(m) 3424 (m) 3475(m) 3444(m) 3289(m)
3421(m)
3490(m)
PEG 4600 3478(m) gjgg (m) 3475(m) 3482(m) 3270(m)
3428(m) (m)
3498(m)
PEG 8000 3484(m) 3486 (m) 3490(m) 3478(m) 3289(m)
3421(m)
3579(m)
PEG 10000 3504(m) 3509(m) 3552 (m) 3594(m) 3583(m) 3278(m)
3421(m)

*) m: medium, w: weak
C-H stretching

C-H stretching vibrations display a broad and
multishouldered spectral behavior in a wide
frequency range of 2800-2950 cm™ [17-19]. In
FTIR spectra of pristine (PEG)s, antisymmetrical
CH, stretching vibration is determined as a
shoulder between 2942 and 2952 cm™. On the other
hand, this frequency was shifted to lower fields and
occurred ~10 cm™ in samples prepared by casting
solvent. This is clear evidence that implies that the
hydrophobic interactions between the CH groups
of polymer were being destructed in the presence of
solvent. The frequency values were not vary much
for the samples prepared by casting the other
solvents whilst this shift was occurred at much
lower frequency values in the sample prepared by
castingg THF. This behavior implies that
symmetrical stretching was weakened as a
consequence of the hydrophobic interactions of
CH_ groups.

CH> Bending

Scissoring vibrations of CH. groups (in-plane
bending) displayed in the range 1468-1473 cm™ for
pristine PEG samples were observed to weaken and
shifted towards lower frequencies for samples
prepared by casting of different solvents from FTIR
spectra. The highest CH, bending shift was
observed on the sample prepared by casting THF. It
was considered that scissoring motion is more
flexible within the measure of disruption of
hydrophobic interactions of CH; groups. CH. in-
plane bending vibrations almost impossible to
detect in FTIR were also mostly observed as
doublet peaks at around 1480 cm? at Raman
spectra of submitted study.
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C-O stretching

In FTIR evaluations of all PEG samples, bands
observed at 1000-1200 cm™ are extremely broad
and highly shouldered. After treatments with the
solvents, the three specific bands (two shoulders
and a weak band) were become more prominent.
The first one among these is the band appearing at
the wavenumber range 1145-1153 cm. This region
may be described as the region of C-O-C
asymmetrical stretching vibrations [20] and these
vibrations may be observed as two distinct bands
[21]. The band appearing at a higher frequency
value was the one participating in intramolecular H-
bond while the latter occurring at a lower
wavenumber was characterized the C-O stretchings
vibrations participating in intermolecular H-bond.

The bands occurring at 1145-1153 cm? in
pristine PEG samples were considered as C-O
stretchings which do not participate in H-bonding.
The shift towards lower frequency (about 5 cm™) of
these bands in samples prepared by casting other
solvents apart from THF is quite significant.
However, more important than this, in THF which
is considered as the best solvent, this band
surprisingly was vanished. Polymer coil extends in
good solvents thus leading to H-bond formation
between etheric oxygen and OH groups,
consequently weakening C-O stretching vibration,
shifting of spectrum towards a down-field and even
with the complete extinction of that band.

The quite significant band observed at 1103-
1106 cm in all samples was showed somewhat
spectral variations although very slight. This band
may be considered as the C-O stretching
incorporated in intermolecular H-bond formation
together with the OH group.
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CH> rocking

In FTIR studies, spectral distinctions in this
region were observed at two specific wavenumbers
(842 and 962 cm™). These frequency values were
shifted towards lower wavenumber for samples
prepared by casting the different solvents. The
behavior supporting previous implications were
existed here as well. As a consequence of the
disruption of CH, groups through hydrophobic
interactions, it was considered that bending
vibrations of these groups certainly was disrupted
and the spectrum was shifted towards lower
frequency values.

C-C-0O and C-O-C bending

C-C-O and C-O-C bending vibrations were
observed as three prominent peaks at 363-365 cm?,
536-538 cm™ and 582-585 cm™ in Raman spectra
of this study. As a consequence of the H-bonding
between the etheric oxygen and OH end groups in
PEG, both two bending vibrations were violated
and subsequently, the spectrum was shifted towards
lower frequency values.

C-O-C angle bending and C-O internal rotation

The Raman bands characterizing two
vibrations within the range of 215-230 cm™ were
observed in submitted study. The spectral behavior
of PEG samples prepared by casting solvent was
exhibited discriminates significantly from that of
the pristine (PEG)s. As the solubility power of the
employed solvent rises, a shift towards higher
wavenumbers was unavoidable. In the samples
prepared by casting chloroform and THF (qualified
as good solvents), shifts were observed towards
highest wavenumbers.

Low-frequency Raman region (<400 cm™)

Bending (O —H--- 0 bending, C-O rotation,
C-C-0O angle bending and C-O-C) vibrations have
been investigated in detail within the range of 48-
88 cm? at the Raman analyses. The spectral
evaluations were highly illustrated the spectral
distinctions in the behavior of pristine (PEG)s and
those prepared by casting different solvents. It was
shifted towards higher frequency values for the
samples prepared by casting solvent when
compared with pristine PEG samples. The highest
frequency shift values were displayed for the
samples prepared by casting chloroform and THF.
It was considered that O —H---O in-plane
deformation, C-O rotation and C-C-O angle
bending vibrations were shifted towards higher
wavenumbers. This observation is a strong
evidence illustrating the achieve role of H-bond for
the samples prepared by casting THF and
chloroform.

The shifts towards higher frequency values
were observed within the measure of H-bond
achieved by H-acceptor oxygen atom and OH end
groups at the Raman analyses. This behaviour
implies that the mentioned vibrations were occurred
less favorably as long as the degree of H-bond
formations increases. The greatest frequency shifts
were observed in the samples prepared by casting
chloroform and THF samples. Consequently, it is
noteworthy to say that, in the end of trio study, the
parallelism of both computation [8] and
thermodynamic [9] and spectroscopic data about
solubility profiles of PEG/solvent systems were
determined.

CONCLUSIONS

In this study, it was investigated association of
solvents to the pristine PEG by FTIR, Raman and
XRD spectroscopic analyses. The solubility profile
of PEG/solvent systems was evaluated as connected
with solvent character and molecular weight.

When the XRD charts of PEG samples were
compared, it was observed that THF is more
effective than water in decreasing the crystallinity
of the polymer. On the other hand, it was perceived
that frequency shifts of various stretching and
bending vibrations was risen to maximum for PEG
samples prepared by casting chloroform and
especially THF as a consequence of both FTIR and
Raman interpretations’ evaluation.

Solid-state characterization revealed that THF
being more effective than water with introduction
to PEG structure. The results were indicated that
the shift was occurred towards higher frequency
values with increased interaction because number
of OH end groups and H-bonds for low molecular
weight PEG 2000 was increased.

As a consequence of the interaction of end
groups with etheric oxygen resulting from the
unfolding of the polymer coil in a good solvent it
can be clearly stated association power of solvents
in PEG samples prepared by solvent cast technique
decreased below order: THF > chloroform >
DMSO > methanol > water.

PEG chains could easily be attached to several
molecules due to of the reactive OH end groups,
constituted copolymer or blend. In recent years, it
have been found applications in a variety of
purposes as conservation material, cellular material,
binding agent, anti-foaming agent in food
ingredient of e-liquid used in electronic cigarettes,
electrolyte solvent in lithium polymer cells,
preservative objects salvaged from underwater,
lubricating coating for wvarious surfaces, skin
creams or toothpastes. As revealed that solvent
factor is very important for PEG.
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Composite materials are put into use while their properties are improved by the researchers each passing day due to
the advantages they provide and their variety in the application fields. One such renewable material is wood flour which
is one of the most common forms of reinforcement in thermoplastics. Wood plastic composites (WPCs) are preferred in
our study due to their advantages such as good resistance, low costs, availability and low wear on the processing
equipment.

In this study beech tree flour and polypropylene (PP) composites were produced and this composites mechanical
properties were investigated. It has been observed that 5 composites which were produced by increasing the beech flour
by 5wt% , have increased in Elasticity Module and hardness based on the ratio of the beech flour but on the other hand,
its elongation and tensile strength has decreased. PP-20% beech flour mixture is seen to have the highest Elasticity
Module and hardness. 61% decrease has been observed in tensile strength with the increasing flour ratio.
Characterization of PP and PP-Wood beech composites has been carried out via thermal analysis and SEM methods.

Keywords: Polypropylene, thermo plastic, wood plastic composites (WPCs), thermal and mechanical properties.

INTRODUCTION

Forestry products companies and plastic
factories show a great deal of interest in Wood
Polymer Composites (WPCs) which are one of the
most dynamic units in Plastics sector. As a result
of this interest, the properties of the wood polymer
composites are constantly being improved and
renewed.

Wood polymer composites add advanced
properties to wood panels such as water absorption,
resistance against biodegradation. However, correct
compatibilizers are required to bridge over between
wood and polymer in order to achieve this.

There are a lot of studies with regard to the
mechanical properties of the composites reinforced
with wood flour in different properties and
thermoplastic PP [1-4].

Although particle filling/reinforcement materials
are generally used on polymeric materials in order
to decrease the cost, mechanical, thermal, electrical
and chemical properties of the composite materials
which are produced with the use of particles with
advanced properties are improved.

Wu et al. studied the effect of carrying out
preliminary processes on the wooden filling surface
to the interfacial tension by Polypropylene (PP)
composites with wood flour.

As a result of their study they proved that the
bond structure between the surfaces of the filling
matrix effect the interfacial tension and the
mechanical properties of the composite [5].

Adhesive properties of the interface between the
polymer matrix and wooden filling can be

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

improved by using coupling agents.  Surface
bonding materials used improve the mechanical and
chemical bonding properties by establishing a bond
between wood flour (reinforcement) and
thermoplastic (matrix).

Dalvag et al. have shown that in case the
maleated polypropylene (MAPP) is used as a
bonding agent in Polypropylene (PP)/wood flour
composite there are improvements in tensile
strength, rupture, elongation and Charpy impact
properties [6-7].

Wood flour is an industrial product used in the
production of natural composite. There are different
studies with regard to the effect of process
parameters on polymer-wood composite processing
[8-12].

Le and Gauther have studied the effects of
different parameters such as the rate of maleic
anhydride (MA) in PP-graft-MA, sisal fiber
fractions, chemical treatment of the fibers in the
composites during the reactive extrusion. They
have shown that the grafting of the fibers by PP-
graft-MA enhanced both the impact strength and
breaking stress [13].

Stamhuis has used Styrene Butadiene Styrene
(SBS), SEBS, Nitrile Butadiene Rubber (NBR),
Ethyl Vinyl Acetate (EVA) and Ethylene propylene
monomer (EPDM) as impact modifier within PP
with filling, composite. He reported that with the
addition of such materials there is an improvement
in the impact properties but the best result is
achieved with covering the filling surface with the
reinforcement. He has also shown that MA

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 21


mailto:ckadi@karabuk.edu.tr

C. Kadi et al.: Investigation thermal and mechanical properties of PP/beech flour composite

contents within PP-g-MA have caused an increase
in impact tension and the tension in the rupture
[14].

Bledzki et al. have studied the effect of MAPP
contents on physico-mechanical properties of PP
which has been reinforced with hard and soft wood
flour [15].

L.Soccalingame et al. evaluated the bonding
effect of PP-g-MA on flour particle size and
degradation of the spruce flour dust — PP composite
after injection molding. In order to evaluate the
level of degradation we need to consider process
parameters, flour and bonding  agents.
Additionally, strong effect of PP-g-MA bonding
agent on tensile properties was observed while no
effect was observed on the impact [16].

Property of water absorption of composites is
important to determine various application
potentials such as floor covering in outdoor use
[17-18].

Composite prepared with fibers which are not
covered with MAPP has a lower tensile and higher
humidification properties when compared to
composite prepared with fibers which are covered
with MAPP. It correlates with low interface
bonding among these components [16].

Bhaskar et al. have prepared a wood polymer
composite  (WPCs) by using  recycled
polypropylene (rPP) together with pine tree flour
(Pine radiate). Researchers have compared the
water absorption property of polymer processed
with  (rPP), virginPP (vPP) and maleated
polypropylene (MAPP) which is a bonding agent.
In accordance with the test results, water absorption
has increased in accordance with the increased flour
ratio. On the other hand bonding agent MAPP has
greatly decreased the water absorption property
[19].

The aim of this study is to evaluate the effects of
MA and flour ratio on composite material after the
sieving and injection molding cycle. In the study
wood reinforced polymer composite materials were
produced in the ratios of 5%, 10%, 15%, and 20%
by increasing the wood flour ratio by 5wt%. For
determining the strength, ductility and elongation
parameters of the composite materials produced
they have been subjected to single axis tensile test
and Shore D hardness test for determining their
hardness values. Wood flour is used to increase the
resistance and hardness of the polypropylene
composite material and to decrease the costs.

2.MATERIALS AND METHODS
2.1.Materials

In this study beech tree flour (WB) which grows
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in Karabiik-Yenice (Turkey) is used. The flour
which has been sieved using laboratory test sieves
with the pores in 200 microns and dried for 24
hours.

Wood flour consists of the composition of
cellulose, hemicellulose, lignin and foreign
materials. Chemical properties of the beech flour
dust are shown in Table 1.

Table 1. Chemical properties of the beech wood (WB)

Chemical Composition %
Cellulose 40-50
Hemicellulose 20-35
Lignin 20
Foreign substance 0-5

Table 2. Mechanical properties of maleic anhydride

Maleic anhydride Value
Purity wt % 99.5
Solidification point (°C) 52.4
Boiling Point (°C) 202
Density g/cm?® 1,48

Maleic anhydride is used to enable the binding
effect at interfaces of the polymer-wood flour
mixtures. Mechanical properties of maleic
anhydride material are shown in Table 2. Maleic
anhydride is procured from As Kimya (Istanbul,
Turkey).

Mechanical properties of polypropylene (PP)
material are shown in Table 3. Polypropylene block
copolymer was procured from Sabic (SABIC PP
48MA40).

Phenolic antioxidant material with Anox20
serial is used to prevent the degradation due to
temperature during the injection processes of
Polymer-Wood flour mixtures. It has very low
volatility and provides a better resistance in
polymer extraction. Antioxidant Anox 20 has been
procured from Addivant (USA). Mechanical
properties of antioxidant are given in Table 4.

2.2 Production of polymer-beech flour composites

Five composite samples have been prepared in
the ratios given in Table 5. Each sample mixed in
vertical type mixer with three blades (DMS DER-
SAN Vertical Type) with 700 dev/min. speed for 15
minutes. The mixture was molded with the
injection molding method which can be seen in
Figure 1 by using Arburg 50T brand injection
machinery. Sizes of single axis tensile test sample
(ASTM DA412) produced as a result of the molding
process is given in Figure 2. Injection molding
parameters are given in Table 6. For each
parameter, 10 units of samples were molded and
tensile test is applied to five of them. Tensile and
hardness tests were carried out within ISO 294
standards.
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B Al

Figure 1. Plastic injection mold. Figure 2. Tensile test sample.

Table 3. Mechanical properties of polypropylene block copolymer (PP) [20]

Polymer Properties Unit(SI) Values Standard

Density kg/cm?® 0.905 ISO 1183

MFR at 230 °C and 2.16 kg 9/10 min 15 1ISO 1133

Mechanical Properties

Tensile Test

Stress at yield MPa 29 1SO 527

Stress at break MPa 20

Strain at break % 300

Flexural Test

Flexural Modulus MPa 1650 ASTMD790

Izod impact notched

at 23°C kJ/m? 7.0 ISO 180/4A

at 0°C kJ/m? 45

at -20°C kJ/m? 35

Charpy impact notched

at 23°C kd/m? 7.0 ISO 179

at 0°C kd/m? 4.0

at -20°C kd/m? 25

Hardness Shore D : 70 1SO868

Thermal Properties

Head Deflection Temperature

at 1.80 MPa (HDT/A) °C 56 ISO 75/A

at 0.45 MPa (HDT/B) °C 88 ISO 75/B

Vicat Softening Temperture

at 10 N (VST/A) oCc 147  1SO306/A

at 50 N (VST/B) °C 79 ISO306/B

Table 4. The properties of Anox 20 antioxidant
Tensile test is applied to the composite samples ~ Antioxidant Value
which are in accordance with the ASTM D412  Bulk density (kg/m®) Powder 650/Granular 570
standard by using ZWICK Z010 brand single axis ~ Flash point  (°C) 299
tensile test device. Preloading time, preload and ~ Melting range (°C) 110-125
test speed for all samples in tensile test are keptata ~ Molecular weight o 1s _
fixed rate. Preloading time is used as 50 sec. and ~ Appearance White, free-flowing solid
preload is used as 1 N/mm? Tensile tests are  Thermogravimetric analysis 350
performed with 50 mm/min speed. Tensile test is (10 Mg 10°C /min. under (Weight loss %5 )
applied to all the samples in line with these Nz)
parameters.
Table 5. Mixture ratios of the wood flour and additives added to polypropylene
Samples Groupl Group 2 Group 3 Group 4 Group 5
(Wt%) (Wt%) (Wt%) (Wt%) (Wt%)

PP PP PP PP PP PP
Wood flour - 5 10 15 20
Maleic Anhydride - 2 2 2 2
Antioxidant - 0.10 0.10 0,10 0,10
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Table 6. Conditions injection molding for PP-wood flour
mixture

Parameters Value
Injection temperature (°C) 190-210
Injection pressure (bar) 1400-1500
Waiting Ttme in Mold (sec) 15

Also, the hardness of the composite material is
measured with ZWICK Shore D durometer.
ZWICK (Shore D) durometer is given in Figure 3.

The specimens were coated with Au/Pd by using
Sputter coater Q150R and transferred to FE-SEM
for imaging. The microstructures of specimens
were observed using a field emission scanning
electron microscope (FESEM) Carl Zeiss Ultra Plus
machine with an energy-dispersive  X-Ray
spectroscopy (semi-quantitative EDX) analysis
system.

Thermogravimetric analysis (TGA), derivative
thermogravimetric analysis (DTG) and differential
thermal analysis ( DTA) studies were carried out in
nitrogen at scanning rates 10°C min™ in nitrogen
atmosphere using module of a Tetra Hitach1 DSC
7000x and STA 7300 Thermal Analyzer with 10-11

e 013

Shoe L > -'(—‘.
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: RO

mg of samples on ceramic pans. The thermal
degradation of the samples was studied from a
temperature 40 to 700°C.

Differential scanning calorimetry (DSC) studies
were carried out scanning rates 10°C min? in
nitrogen atmosphere using module of a Tetra
Hitach1i DSC 7000x and STA 7300 Thermal
Analyzer with 10-11 mg of samples on alumina
pans. The thermal degradation of the samples was
studied from a temperature 40 to 500°C.

3.RESULTS AND DISCUSSION

3.1. Mechanical properties

In the study, composite samples are produced by
increasing the wood ratio by 5 wt.% regularly (in a
range of 5%~20%). 5 of the samples produced
from each mixture are subjected to tensile test.
Elasticity Module in accordance with the wood
ratio, % Elongation and Tensile Stress graphics are
given in Figure 4. Average of Elasticity module for
composites, elongation, tensile stress values is
taken and they are shown in Table 7.

I W
. U
.

Figure 3. ZWICK durometer.

Table 7. Mechanical properties of the materials wich have different wood flour ratios

Mechanical Proberties Pp PP - 5% Wood PP -10% Wood PP -15% PP -20%
P Flour Flour Wood Flour ~ Wood Flour
Elasticity Modulus (MPa) 440.66 667.17 709.40 726.26 748.52
Tensile Strength (MPa) 39.27 29.25 27.60 25.73 23.84
Elongation (%) 19.62 7.75 6.76 4.96 421

In the study elasticity module of Polypropylene
is found to be 440,66 MPa, elongation is found to
be 19,62% and tensile stress is found to be 39,27
MPa.

When the Beech flour is added in a ratio of 5%
to Polypropylene, Elasticity Module increased to
667,17MPa, elongation is found to be 7,75% and
tensile stress is found to be 29,25MPa. Highest
elasticity module is achieved from PP-%20 mixture
containing wood Flour as 748,52MPa. Elongation
value of this composite is 4,21% and tensile stress
is 23,84 MPa.
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Tensile and % elongation graphic belonging to
the samples are shown in Figure 5. As it can be
seen from the graphic, elongation percent is
decreased and mechanical resistance of the
composites are increased based on the increasing
wood flour ratio.

Hardness graphic and its values are given in
Figure 6 and Table 8 for PP-wood flour composites
in different ratios. Five measurements were made
from the samples belonging to each parameter and
average of the values gained as a result of the
measurement are taken and evaluated.
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Figure 4. Tensile curves in accordance with increasing wood ratios a) Elasticity Module - %Wood flour content, b)
%Elongation - %Wood flour content, c) Tensile Strength - %Wood flour content.
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When the hardness values of the samples are
analyzed after wood dust ratio is increased in a ratio
of 5% regularly, it is found out that the highest
hardness value belongs to PP-%20 Wood Flour
mixture with 71,36 Shore D value. Hardness value
of the composite material gained from the PP-%15

5

72,2

3 10

15 20

Wood Content (%)

Figure 6. Hardness graphic for polypropylene-

wood flour composite.
wood flour is 70,50 Shore D. Hardness value of the
material gained from the PP-%10 Wood Flour is
69,20 ShoreD. Hardness value of the material
gained from the PP-%5 Wood Flour is 66,54 Shore
D. Hardness value for polypropylene is 60,89 Shore
D.

Table 7. Mechanical properties of the materials wich have different wood flour ratios

Mechanical Properties PP PP - 5% Wood PP -10% Wood PP -15% Wood PP -20%
Flour Flour Flour Wood Flour
Elasticity Modulus (MPa) 440.66 667.17 709.40 726.26 748.52
Tensile Strength (MPa) 39.27 29.25 27.60 25.73 23.84
Elongation (%) 19.62 7.75 6.76 4.96 4.21
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Figure 4. Tensile curves in accordance with increasing wood ratios a) elasticity module - % wood flour content, b) %
elongation - %wood flour content, c) tensile strength - %wood flour content.

Table 8. Hardness values of polypropylene-wood flour composites

Mixture Standard Deviation (ér\ﬁrr:glg)
PP 0.71 60.89
PP - 5% Wood Flour 0.87 65.54
PP - 10% Wood Flour 0.45 69.20
PP -15% Wood Flour 0.42 70.50
PP-20% Wood Flour 0.45 71.36

3.2. SEM analysis

In this study microstructure images are taken
from the composite samples which have different
wood flour ratios. Images were taken by SEM from
both the surface and fractured surface with 500X
zoom in order to understand the effect of the wood
flour.

Figure 7a shows the SEM image of
polypropylene. As it can be seen from Figure 7b,
PP and wood flour is blended in a homogenous
way. In Figure 7c, when the fractured surface SEM
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image of the PP-%20 wood composite is analyzed,
it is seen that gaps are caused by wood flour which
are not completely bonded to the composite and
which are ruptured. However, the number of the
gaps is few and in general terms a composite which
is compatible with polymer is formed.

3.3. Thermal properties
DSC and TGA thermal analyses are evaluated
for PP and PP-Wood flour composites. Thermal
properties of the materials produced from PP under
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different conditions were analyzed by other
researchers [20-25].

Table 9 shows the thermal analysis result of the
PP and PP-20% wood composite.

a)
Figure 7. Scanning electron microscope (SEM) micrographs of samples (magnification 500X) . a) PP , b) PP-20%
wood flour composite, ) PP-20% fractured surface SEM image of wood flour Composite

When we have a look at the TGA curve of the PP in
Figure 8a there is a single decomposition in 98,5%
between 254-473°C. Polypropylene starts to

degrade at a temperature over 253°C

Table 9. Thermal analysis results of the PP and PP-20% wood flour composite

Polymer DSC(°C) TGA(°C)
Tm Td AHm Td; Td, Tds
PP 168 190 79.0 - 254 473
PP-wood comp. 168 203 88.3 114 377 537

Tm - melting temperature, Td - decomposition temperature, AHn (mJ/mg) - melting enthalpy .

In Figure 8 b, single mass degradation of the PP-
wood flour composite occurred between the
temperatures of 114 and 537°C. First decrease
occurred between 114.4-377°C as 7.3% (1,23mg
mass loss) and second weight decreased occurred
between 377-537,4°C as (96.46%) (15,53mg mass
loss).

In thermogram, in the temperature range up to
377°C, there is only 7% loss of mass arising out of
the water contained in the composite structure,
removal of volatile molecules and degradation of
the wood flour and additives over this temperature.
Composite material from Figure 8 b is completely
degraded at 537°C.

When Figure 8a and 8b is compared, pure PP
lost 98.8% of its total and PP-wood composite lost
96% of its total within the range of 170-500°C.
Also when the Td, degradation temperatures of pure
PP and Pp-wood composite in Table 9 are
compared, it has been observed that the degradation
temperature is increased from 253°C to 473°C with

the effect of additives. Degradation temperatures
increased when wood flour and additives are added
to polymer while the loss of mass is decreased. This
shows that the thermal resistance of the composite
is good.

When the DSC thermal analysis results in Figure
8c and 8d are compared, it is seen that melting and
decomposition temperatures are not changed that
much. While the PP melting temperature is (Tm)
167.9; melting temperature of PP-wood composite
(Tm) is 167.8°C, decomposition temperatures (Td)
are; 190°C for PP and 203°C for PP-wood
composite. Comparison of these two melting
temperatures belonging to PP and PP-wood
composite can be seen in Fig.8e.

The AHn of the PP increased with increasing
wood flour content. The AHn of the PP increased
from 79.0 to 88.3 mJ/mg as the wood flour content
increased to 20%.

Our results are conclusive with the studies made
with regard to the thermal properties of PP [16-24].
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4. CONCLUSION AND DISCUSSION

Mechanical properties of the composite
materials produced from the mixture of
polypropylene with wood flour are analyzed in this
study. Wood flour is added to increase the strength
and hardness of the polypropylene material.

Ratio of wood flour is increased by 5% regularly
within the mixture in the composite material
produced. Hardness and tensile test are applied to
the new mixtures produced and their mechanical
properties are analyzed.

When the wood ratio is increased regularly it
has been observed that the elasticity module of the
composites has increased as well.  While the
Polypropylene has high ductility and low elasticity
module, increase in the wood ratio by mixing it
with wood flour caused an increase in the Elasticity
module, decrease in the elongation percent and
decrease in the tensile stress. It has been
determined that stress of composite material
increased per unit of elongation when compared to
polypropylene.

It has been observed that when the amount of
wood within the mixture is regularly decreased the
hardness of the composite material is decreased.
The highest hardness value is achieved from the
mixture with PP-20% Wood flour and the lowest
hardness value belongs to pure Polypropylene
material.

It has been observed from the SEM images
taken from the material that wooden flour bonds to
plastic appropriately and it becomes integrated with
the plastic.

Thermal decomposition and melting temperature
of the composite materials were investigated by
TGA and DSC. Composites have shown high
thermal decomposition temperature at 377°C in a
nitrogen atmosphere. Most of the weight loss
occurred between the temperature range of 377-
537°C.

In order to achieve a good and accurate
mechanical property homogenous mixture of the
composite material is an important matter. For a
homogenous microstructure, wood flour particles
and polypropylene should be blended well and
should be combined. Usage of mixer is important
for well blended mixtures and for achieving a
homogenous microstructure. Also, gaps created by
the wood flour should be refrained and wood flour
should be in a size of small sieve size which is at
least 250pm.
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Electropolymerization and characterization of salophen derivative Schiff base Co(ll)
and Ni(1l) complexes on the graphite electrode and electrocatalytic investigations
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In this study, pencil graphite electrode surfaces were modified with Salophen derivative Schiff base Co(ll) and Ni(ll)
complexes. Surface modification procedure was carried out by electrochemical oxidation method at 0.0-2.0 V potential
range in acetonitrile containing 0.15 M LiClO4 as a supporting electrolyte medium. The prepared modified surfaces
were characterized by cyclic voltammetry, EIS, FT-IR UV-Vis and SEM/SEM-EDX techniques. Modification of
surfaces was confirmed by results of characterization studies. The electrocatalytic activity of modified electrodes was
investigated upon bioanalytical species like ascorbic acid, catechol, cysteine etc. It was seen that both modified
electrodes showed excellent electrocatalytic activity on catechol, but the catalytic activity potential of the electrode
modified with Co (Il) complex was higher on the other species.

Keywords: Schiff Base metal complex, electropolymerization, surface characterization, electrocatalytic investigation.

INTRODUCTION

Schiff bases are compounds that were first used
as a ligand by Schiff in 1864. Schiff bases and its
metal complexes are still being worked on
remarkably in recent years because they have
antibacterial, antiviral, anticancer and antifungicide
properties as well as a wide variety of applications
in different fields such as chemical analysis,
catalytic systems, pesticide structures, oxygen
transmission and sensor systems [11, 12]. Schiff
bases, and especially its metal complexes, are
attracting attention as modifying materials because
of their stable and easily synthesizable structures,
since they allow the functional groups to be varied
in surface modification studies [13]. In recent years,
development of new working electrode materials
prepared by electropolymerization of Schiff metal
complexes by electrochemical methods have been
attracting considerable attention and also the
determination of electrocatalytic activities on
different types of analytes and the development of
new analytical methods by using of these modified
electrodes [14-15]. With the appropriate
modification materials, new working electrode
surfaces can be prepared and rapid, selective and
sensitive determination of species are possible as
electrochemically [16-19].

This study was concerned with the preparation

of modified electrodes with electropolymerization
of Schiff base metal complex onto pencil Graphite
electrode and also investigation of electocatalytic
activity of these electrodes. Characterization of
modified  electrodes was  realized  with
electrochemical, spectroscopic and microscopic
techniques.
EXPERIMENTAL
Materials and methods

Electropolymerization studies of Schiff base
metal complexes were performed by using of
conventional three electrode system and a CHI
604E model electrochemical analyzer for cyclic
voltammetry (CV) measurements. All the
electrochemical studies were carried out by using a
pencil graphite (GFE), Pt wire and saturated
Ag/AgCIl (3 M NaCl) were used as working,
counter and reference electrodes, respectively. The
outer surface of the graphite pencil electrode was
covered with polyester for the purpose of
controlling the surface area in electrochemical
studies and polishing device (Polisher) was used for
cleaning of working electrodes.

Schiff base [H.L] and metal complexes ([CoL],
[NiL]) were synthesized according to the literature
[20]. The proposed structures of [H.L, [CoL] and
[NiL] are given below.

* To whom all correspondence should be sent.
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Proposed structure of H,L, [CoL] and [NiL].

Modification procedure was performed by CV
with scanning from 0.0 to 2.0 V at a sweep rate of
50 mV s for 25 cycles in 1 mM [CoL] and 1 mM
[NiL] solutions in acetonitrile containing 0.15 M
LiClOa.

Stability of modified surfaces CoL-GFE, NilL-
GFE was tested by CV method using sequential
potential scans in a 0.3 M KCI support electrolyte
medium. The CV method has also been used for the
electrochemical characterization of modified
surfaces by using of redox probes (ferrocene,
ferricyanide). The 1.10° M ferrocene solution was
prepared in an acetonitrile containing 0.1 M
LiClO.. Ferricyanide test was carried out in 0.1 M
KClI solution containing 1.10* M Ks[Fe(CN)g].

For electrocatalytic activity studies, Phosphate
buffer solution (PBS) pH=7 was used as supporting
electrolyte. Solutions of Ascorbic acid (AA, 1mM),
Catechol (CC, 1mM), Cysteine (Cys, 1mM) and
Sulfide (SOs*, 1 mM) were prepared daily by
dissolving them in water.

RESULTS AND DISCUSSION

A typical multicycle CV voltammograms for
electropolymerizations of [H2L], [CoL] and [NilL]
on GFE were given in Fig.1. In the voltammograms
of [CoL] and [NiL], the irreversible oxidation
behavior was observed nearly 1.0 V at the first
cycle. This oxidation peak was not observed in the
voltammogram of the ligand. This situation was
thought that the observed irreversible oxidation
behavior due to the electrochemical activity of the

transition metal in the structure. Decrease of the
peak current values after the first cycle, at the end
of 25 cycles, supports the modification of the
species to the electrode surface. Thus, the electrode
surfaces has changed and gained a new character
after modification of electrodes with metal
complexes and the electrochemical behavior of the
electroactive species has also changed [21]. The
electrochemical stability voltammograms
(successive CVs) were also given in Fig.1. Stability
voltammograms have given to get the information
about the stability and electroactivity of films
obtained on GFE with investigating of
electrochemical behavior during successive cycles.
If the coating material is stable on modified
surfaces, it is expected that in the voltamogram
taken in the electrolytic solution will be no current
change by repetitive potential scans in the anodic or
cathodic direction. In particular, the fact that the
current decline with sequential scans is that film
degrades and is beginning to lose electrochemical
stability (charge storage and unloading) [22]. When
voltamograms are investigated, it is observed that
there is a current change for modified surfaces after
the first cycle. It is believed that this decrease in
current is due to the removal of adsorbed
monomers from the surface during cycling. No
change in current is observed in subsequent cycles
and the films on the electrode surfaces appear to
maintain their stability during potential scanning.
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Fig.1. Multicycle voltammograms of [H.L] (A); [CoL] (B) and [NiL] (C) in 0,15 M LiClO4/acetonitrile solution as
supporting electrolyte at GFE; Successive CVs of [CoL] and [NiL] films in 0.3 M KCI solution at 0.2-0.6 V potential

range.

Electrochemical characterization of CoL-GFE
and NiL-GFE surfaces were carried out using
ferrocene and ferricyanide redox probes. Redox
probes are usually reversible species with fast
electron transfer at the surface of the bare electrode.
Electrochemical behavior of redox probes on the
modified electrode surface may differ from that of
electron transfer kinetics. Such differences and
similarities from time to time may provide
information at the stage of modification during the
electrochemical characterization [23, 24]. The
cyclic voltammograms of the modified surfaces and
the bare GFE with redox active molecules are
shown in Fig.2. When voltamograms are evaluated,
it appears that electron transfer of ferrocene is
almost completely inhibited at the modified
electrodes. For ferricyanide, electron transfer was
observed to be blocked in large amounts on the
surface of the modified electrodes compared to the
bare GFE, but the electron transfer of the
ferricyanide on the modified surface was found to
be carried out at a certain amount by electroactive
species diffusing from possible pinholes.

From the Nyquist plot given Fig. 2., it appears
that the charge transfer rate of the [Fe (CN) 6]]*"*
redox couple on the bare GFE surface is higher than
the modified surfaces. It is understood that the
lower value of the charge transfer resistance, which
is effective in the high frequency regions on the
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bare GFE surface, is observed at higher values,
which is also effective in the lower frequency
regions on the modified surfaces.

SEM images of [CoL] and [NiL] films were
recorded in order to investigate the surface
morphology and structure. The SEM images were
given in Fig.3. It can be easily seen from SEM
images that the crystalline structures occurred on
the electrode surfaces after electropolymerization
different from the bare GFE surface belongs to
metal complexes.

In the UV spectrum of the [CoL] and [NilL]
films, the band was observed at range of 330450
nm were attributed to the n—z+ transition of the
non-bonding electrons present on the nitrogen of
the azomethine group of the Schiff base moiety
[25]. In addition, the weak bands observed in the
500-700 nm region can be attributed to d-d
transitions of the metal ions [26].

Cobalt and nickel ions distribution at modified
surfaces were illustrated as red points at spectrum
of SEM-EDX mapping analysis (Fig.3.). According
to the SEM-EDX analysis, percentage distribution
of cobalt and nickel ions on modified electrodes
were determined as 0.50% and 0.54% respectively.
These results have also give an important evidence
about the electropolymerization of [CoL] and [NiL]
onto GFE surfaces.
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In the UV spectrum of the [CoL] and [NilL]
films, the band was observed at range of 330450
nm were attributed to the n-z* transition of the
non-bonding electrons present on the nitrogen of
the azomethine group of the Schiff base moiety
[25]. In addition, the weak bands observed in the
500-700 nm region can be attributed to d-d
transitions of the metal ions [26].

Cobalt and nickel ions distribution at modified
surfaces were illustrated as red points at spectrum
of SEM-EDX mapping analysis (Fig.3.). According
to the SEM-EDX analysis, percentage distribution
of cobalt and nickel ions on modified electrodes
were determined as 0.50% and 0.54% respectively.
These results have also give an important evidence
about the electropolymerization of [CoL] and [NiL]

onto GFE surfaces.
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FT-IR spectra of NiL monomer, H.L-GFE and
NiL-GFE film are shown in Fig.4. In the spectra of
NiL-GFE film, the bands are broader than the bands
belongs to monomer. It is clear that after
electropolymerization, due to either increasing
molecular weight or the molecular weight
distribution of the polymers, the signals of
polymers become broader than their monomers [27,
28]. This result is significant evident for polymer
formation in this study. At the same time, the
presence of different vibration bands from the
ligand known to belong to the metal complex at low
wavelength values supports the presence of metal
on the modified surfaces in accordance with other
analysis methods [29].

5
4
4
NiL-GFE |/’
3

400

Fig.4. FT-IR spectra of [NiL] monomer, H,L-GFE and NiL-GFE.

Catalytic activity studies for DA, AA CC and
Cys were investigated at CoL-GFE and for CC and
Cys were examined at NiL-GFE in pH=7 phospate
buffer solution and were presented in Fig.5-6. As a
result of these studies, although NiL-GFE and CoL-
GFE modified electrodes have almost the same
catalytic activity potential, it has been found that
CoL-GFE possesses comparatively better catalytic
effect.

As can be seen in the voltammograms (Fig.5.,
Fig.6.), best electrocatalytic activity was obtained at
CoL-GFE for CC oxidation in pH=7 PBS. In
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comparison with the bare GFE, at this modified
electrode, anodic peak current belongs to CC
oxidation has increased for six times peak potential
of CC oxidation appeared more positive potential
value at modified electrode than bare GFE and peak
shape was more sharply at modified electrode than
bare electrode. Similar results were obtained for
NiL-GFE in terms of the catalytic activity on CC
oxidation. Additionally less significant catalytic
activity was observed upon AA, Cys and sulfite
bioanalytical species at CoL-GFE and for Cys at
NiL-GFE, too.
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CONCLUSIONS
This study shows that metal complexes have been
successfully coated onto the Ggraphite electrode
surfaces by using electrochemical methods. In this
way, alternative electrode materials can be
developed for many various 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
conductive. Modified electrodes have potential use
for bioanalytical species at electroanalytical
applications.
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Preparation of nanopores and their application for the detection of metals
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We have prepared nanopores with conical geometries and we have shown the translocation properties of poly(ethylene
terephthalate) (PET) membranes. In order to obtain conically shaped nanopores, asymmetric etching procedure was
followed. The characterization of PET membranes were performed by electrochemical methods and SEM measurements.
The sensing was performed based on resistive-pulse sensing and current-potential (I-V) measurements. Finally, we have
reported the resistive-pulse sensing of Ba?* using single nanoporous membranes and examined the potential dependence
of resistive-pulse sensing. Effect of metal ion concentration on the ion - current rectification was also shown and it was
concluded that a higher Ba**concentration can be correlated with rectification ratios.

Keywords: Resistive-pulse sensing; track-etched nanopore; metal sensing; PET membrane

INTRODUCTION

Resistive-pulse sensing, which is a powerful
technique for the detection and analysis of molecules
without labeling is an emerging field of research [1-
3]. The resistive-pulse sensing paradigm was built
on the well-known Coulter-counter principle, which
was used to count particles and measure their sizes
[4]. Basically, a pore (micron or sub-micron sized)
is placed between two electrolyte solutions and
particles are electrophoretically driven to the
oppositely  charged electrode. During the
translocation of particles through the pore, the ionic
current drops and this signal is used for counting
particles and identifying their properties. This
technique was miniaturized by using biological
nanopores and enabled the detection of individual
molecules without labelling and discriminate
different types of molecules [5].

Several resistive-pulse studies have been
conducted using biological nanopores, especially a-
Hemolysin [6, 7]. However, there are many
shortcomings of biological nanopores which limit
their efficiency as sensors such as their fixed size,
instability and the fragility of the lipid bilayer in
which the pore is placed. Therefore, chemically and
mechanically robust synthetic nanopores were
developed that are low cost, user friendly and enable
highly sensitive and specific rapid analysis [8]. The
precise control over the pore size and geometry, the
ability to change the surface characteristics and to
integrate with electronics or optical systems made
the synthetic nanopores even more advantageous [9,
10]. Also, surface functionalization is more diverse
in synthetic systems, which enhances the sensibility

* To whom all correspondence should be sent.
E-mail:kaan.kececi@medeniyet.edu.tr

and selectivity for certain molecules [11, 12].

Some of the techniques that are widely used for
the fabrication of synthetic nanopores are electron
beam lithography [13, 14], nanopipettes [15, 16],
ion-beam sculpting [17], micromolding [18], and
track-etching [19-22]. Compared to other nanopore
fabrication techniques, track-etch method emerges
as a viable alternative to obtain the desired
nanopores in size and shape with uniform pore
density without the limitations of the others [23].

In track-etch method membranes (or films) are
first irradiated with accelerated heavy ions in order
to create latent tracks inside the membranes. When
the irradiated membranes are exposed to appropriate
etching solution, the obtained tracks turn into
nanopores and the etching process is controlled by
neutralization of etching solution. If the polymer
film is irradiated with a single-ion (i.e.,, 1
ion/membrane) and goes through chemical etching,
single-pore  membranes which are optimal for
studying the detection and identification of
individual molecules can be formed [24]. In track-
etch method, some of the most widely used
membranes are poly(ethylene terephthalate) (PET),
polycarbonate (PC) and polyimide (PI). Different
types of analytes such as proteins [25], DNAs [24,
26] etc. [27] have been detected using these polymer
nanoporous  membranes.  Various  nanopore
geometries have also been reported in PET films
which can affect the efficiency of sensing [28].

In this study, we showed the interaction of PET
nanopores with divalent cations and monitor the
real-time signals based on resistive-pulse sensing.
The main reasons for choosing PET was that it is a
mechanically and chemically stable, flexible
material with a slightly negative surface charge.
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Chemical etching of PET membranes leads to the
formation of carboxylate groups (-COO") on the
surface of the membranes and pore walls [29]. The
negative -COO- groups on the walls of PET
membrane had enhanced the affinity to cation
analytes so in contrast to the previous studies, no
chemical modification has been used on nanopore
surface to promote the capture the cations.
Successful  stochastic  sensing  (resistive-pulse
sensing) of divalent cations using a-Hemolysin was
previously shown by others [30-33].

EXPERIMENTAL
Materials and methods

PET membranes (3 cm diameter, 12 pm
thickness) were provided by Gesellshaft fiir
Schwerionenforschung (GSI, Darmstadt-Germany).
The membranes were irradiated with heavy ions
(i.e., Auion, 11.4 MeV) at various ion densities even
down to 1 ion/membrane. This was succeeded by
defocusing the ion beam and using a metal mask
with a 0.1 mm diameter aperture with a shutter
system which shuts down the ion beam as the single
ion passage was detected. All the membranes were
exposed to UV irradiation overnight (A = 320 nm) to
saturate the damages in tracks. All solutions were
prepared from deionized water (Millipore Direct-Q
5, Millipore Co.). Formic acid (HCOOH), sodium
hydroxide (NaOH), barium chloride (BaCl.) and
potassium chloride (KCI) were purchased from
Sigma Aldrich. All chemicals were used as received
without further purification.

Preparation of nanopore membranes

Prior to etching, membranes were treated with
long-wave UV irradiation overnight in order to
increase the track etching rate and make the pores
more homogeneous in size by sensitizing the tracks.
Conically shaped nanopores were obtained using
asymmetric chemical etching whose conditions were
previously discussed [34]. Shortly, the membrane
was placed in a conductivity cell with one side of the
cell facing the UV-treated side of the membrane,
filled with alkaline etching solution (9 M NaOH) and
the other half-cell was filled with the stopping
solution (1 M HCOOH and 1 M KCI). Platinium (Pt)
electrodes were immersed into each cell and 1 V
transmembrane potential was applied to monitor the
breakthrough moment. The etching process was
continued for two hours and then the etching
solution was replaced with stopping solution for
neutralization. Then both cells were rinsed with di-
water to remove possible residues from the
membrane surface. After this etching process, a
conically shaped nanopore was obtained with two
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different sized openings called base (large opening)
and tip (small opening).

Characterization of the nanopores

The large opening of the nanopore (doase) Was
determined by the SEM images of multipore
membranes (10® nanopores/cm?). Single pore
membranes were etched under the same conditions
as multipore membranes and the small opening (dtip)
was  determined  through  electrochemical
measurements [12]. For the electrochemical
measurement, each side of the conductivity cell was
filled with electrolyte solution (i.e., 1 M KCI, 10 mM
PBS buffer at pH = 7). Ag/AgCI electrodes (BAS,
West Lafayette, IN) were immersed into both sides
of the cell and potential was stepped (50 mV)
between -1 V and +1 V (Keithley 6487
picoammeter/voltage source, Cleveland, OH, USA).
Since the resistance of the nanopore (R) is
proportional to the conductivity of solution (p), the
length of nanopore (L, thickness of the membrane),
dbase and diip; the tip diameter (dsp) can be calculated
with Egn. 1. R value was calculated from the
reciprocal of the slope of the current — voltage (I-V)
curve [34]. The average of three sequential
measurements was used for the calculations.

— 4pL (1)
Td¢ipdpase

The conductivity of the solution was measured
using a conductivity meter (Mettler-Toledo FE 30,
Colombus, OH, USA).

2

N

Current (nA)

™,

4 T r T T T

-1 0 1
Potential (V)

Fig. 1. 1V Curve of a PET single conical nanopore in 1
M KCI (dpase: 515 nm; diip: 6 nm).

Electroless gold plating

The formation of gold replicas inside the
nanopores by electroless gold plating method, which
is a templating technique, gives valuable information
about the geometry of the nanopore. This is simply
achieved by filling the pores with Au and removing
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the polymer template by dissolving it. The exact
geometry of the replicas obtained from multiporous
membranes can be visualized using SEM. The
schematic representation of chemical plating of the
nanopore wall is given in Fig. 2. The process mainly
consists of three steps. Firstly Sn?" is coated on the
negatively charged pore wall of PET. After washing
the membrane with methanol, it is immersed in the
AgNO; solution containing ammonia to form a
redox reaction on the pore wall of the membrane
where Ag (1) is converted to elemental Ag while Sn
(1) is oxidized to Sn (IV). The gold coating solution
contains NazAu(SOs3),, Na;SOs;, NaHCO; and
formaldehyde in various proportions. When the
membrane is immersed in this solution, once more a
redox reaction occurs on the pore wall. Since gold
has a more positive reduction potential than silver,
the gold particles switch place with the silver on the
surface. These gold particles serve as catalysts in the
presence of formaldehyde, thereby reducing the Au
(1) ions to Au (0). After Au deposition into the
nanopores, the membrane was dissolved and the
remaining gold nanocones were filtered with a
Whatman Anodisc membrane. The obtained
nanocones were investigated with SEM.

Resistive-pulse sensing experiments

The chemically etched nanopore membrane was
placed between two halves of a conductivity cell and
each half-cell was filled with 100 mM KCI.

A

Background current-time measurements were
recorded between (+1000 mV) — (-1000 mV) with
100 mV steps. Cation analytes at predetermined
concentrations were added to the tip side of the
conductivity cell. Ag/AgCI electrodes were used to
measure the current-pulses (events). An Axopatch
200B (Molecular Devices Corporation, CA, USA)
was used in voltage-clamp mode to apply a
transmembrane  potential  between  Ag/AgCl
electrodes with a low-pass Bessel filter at 2 kHz
bandwidth. The signal was digitized using a Digidata
1440 analog-to-digital converter (Molecular Devices
Corporation, CA, USA) at a sampling frequency of
5 kHz. Data were analyzed using pClamp 10.5
(Molecular Devices Corporation).

RESULTS AND DISCUSSION

Characterization of the nanopores

PET membranes were etched with alkali solution
(i.e., 9M NaOH) from one side only for a conical
geometry. After the etching process, the base
diameters of conical nanopores were determined by
SEM images of these multipore membranes (average
of minimum 10 pores) (Figure 3). The base diameter
of the conical membranes etched for 2 hours was
found to be 533 £+ 46 nm.

The conical geometry of the pores was confirmed
using the SEM images of gold nanocones obtained
with electroless gold plating method (Fig. 4).
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Fig. 2. Au plating steps of the nanopore surface.
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Fig. 3. SEM image of multi-porous PET membrane
etched for 2 hours.

The potential dependence of Ba?* translocation is
given in Fig. 6. The current-pulse frequency was
calculated by averaging the number of current-
pulses of three 5 minute current-time recordings and
a linear correlation was observed between the
examined potential values. A similar linear potential
dependency was shown for DNA translocation in
various studies [34, 36]. Harrell and co-workers have
explained the translocation phenomenon in track-
etched nanoporous membranes in detail [36] and
they have derived an equation (Eqgn. 2) giving the
relationship between the frequency of current-pulses
(f) and electric field (E) where, z is the charge of the
analyte, D is the diffusion coefficient, C is the
concentration and A is the Avogadro’s number.

Fig. 4. SEM image of Au cone replicas by template
synthesis

Resistive-pulse sensing of Ba®* ions

In order to examine the transport properties of
Ba?* ions, potential dependence of the current-pulses
and effect of ion concentration on the current
rectification were studied. The current was recorded
with 100 mM KCI at 400 mV before adding the
metal analyte and was found to be stable, showing
no current-pulses (Fig. 5 - A). When the Ba?* ions
(10 mM in 100 mM KCI) were added to the tip side
of the membrane, current-pulses were observed
under same potential due to the translocation of the
metal ions (Fig. 5 - B). The current-pulse signals of
Ba?* showed an upward trend due to the higher
binding affinity to carboxylate groups on the surface,
decreasing the overall resistance of the pore. These
conductive pulses can also be attributed to the high
conductance of the particles relative to the
electrolyte and the effect of particle charge on the
ionic distribution near the pore opening, increasing
the conductance temporarily [35].

The potential was stepped down to 250 mV and no
current pulses were observed below this value (Fig.5
- C-E).

40

50 pA

1sec

Fig. 5. Current-time traces of Ba?* (10 mM) at 400 mV
(without analyte) (A), 400 mV (B), 350 mV (C), 300 mV
(D), 250 mV (E) Tip diameter = 6 nm.
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According to previous studies, for conically
shaped track-etched nanopores, the electric field
strength (E) ranges between 1.3 and 2 MV/m [37],
which forms a trapping zone to capture the molecule
easily at the tip [38]. So the increase in the electric
field at the nanopore entrance causes a linear
increase in the current-pulse frequency. The linear
dependence to potential and the occurrence of a
threshold voltage suggest that the current-pulse
frequency was dominated by the transport of Ba?*
ions through the nanopore.
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Fig. 6. Current-pulse frequency versus potential (10 mM
Ba?").

Effect of concentration on ion current rectification

It has previously been discussed by Siwy that
asymmetric nanopores cause rectification on the
ionic current even though the concentration of the
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Fig. 7. 1-V plots of Ba?* at various concentrations (Tip
diameter = 5 nm).

electrolyte on both sides of the nanopore are the
same and as a result asymmetric I-V curves are
observed [39]. This non-linear behavior which is
dependent on the surface charge can be described as
the ‘on’ and ‘off” state of the nanopore.

The ion current rectification (ICR) is the ratio
between the current values at -1 V and +1 V (see
Eqgn. 3). PET nanopores have a negative surface
charge at neutral pH due to the carboxylate groups
produced during etching and at neutral pH the ICR
is expected to be higher than 1 as the nanopore
surface charge is negative.

1cR = li-al/ (3)
liyql

In order to investigate the effect of Ba*
concentration on the ion current rectification, a
series of Ba?* solutions at varying concentrations (10
uM — 10 mM) were prepared in 100 mM KCI. I-V
curves obtained with Ba®* solutions at different
concentrations are presented in Fig. 7.

lon- current rectification ratios were calculated
and plotted against log [Ba?"] values in order to
further examine the effect of analyte concentration
on the rectification behaviour (Fig. 8). It is shown
that a decrease in ICR was observed with increasing
Ba?* concentrations. This finding indicates that
through the interactions between the negatively
charged pore surface and positive Ba®* ions, the
surface charge was decreased and ICR decreased
accordingly since the I-V curves are able to give
information about the surface charge on the pore
walls. A similar behaviour was shown by Zhai et.al.
for a conical PET nanopore for Cr3* detection [40].
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Fig. 8. Dependence of ion current rectification ratio on
Ba?* concentration.

CONCLUSION
In this work, track-etched PET membranes were
used to fabricate asymmetric nanopores with conical
41
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geometries. The potential use of these nanoporous
membranes as resistive-pulse sensor for metal ions
was shown and Ba?* ion was chosen as model
showed the only resistive-pulse signal and
correlation of metal ion (i.e., Ba?*) using track-
etched polymer membranes. The current-pulse
frequency had a linear dependence on applied
potential. This linear dependence to potential
indicated that the current-pulse frequency was
dominated by the transport of Ba?* ions through the
nanopore. lon-current rectification ratios were
calculated and their dependence to Ba?*
concentration was also investigated. The opposite
correlation between Ba?* and ICR was shown. This
was due to the interactions between the negatively
charged pore surface and positive Ba?" ions,
decreasing the overall surface charge and ICR
accordingly.
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Copolymeric drug carrier system, poly (maleic anhydrite-co-vinyl acetate) copolymer (MAVA) carrying acriflavine
drug (AF) has been examined by Zeta Potential Analyzer to determine the stability and controlled drug release tests in
water with different pHs and simulated body fluids. Zetasizer measurements such as zeta potential, mobility, and particle
size of prepared copolymer, drug and copolymer-drug conjugate (MAVA-AF) were done. The activity of copolymer-
drug conjugate in different pHs and simulated body fluids was checked via UV-VIS spectrophotometer as a function of

time.

Keywords: copolymer-drug conjugate, stability, particle size, zeta potential

1. INTRODUCTION

Recently, synthetic polymers are used for
controlled drug delivery systems or drug carrier as
biomaterials. There has been a growing interest in
polymer conjugation with biologically active
components. Such conjugates usually accumulate in
tumors and can reduce toxicity in the body.
Depending on the desired location, polymer
conjugates can be synthesized to either have
degradable or non-degradable chemical bonds with
their associated drug. There is a strong desire to
synthesize polymeric conjugates with bioactive
components and other drugs. Polymer-drug
conjugates are drug molecules held up in polymer
molecules and have shown very promising results.
The drugs remain attached to the polymer and are not
activated until the enzymes associated with the
diseased tissue are present. This process severely
minimizes damage to healthy tissue [1-3]. Surface
properties of drug carrier systems are responsible for
their interactions with plasma proteins. Zetasizer
measurements which are zeta potential, particle size
and mobility provide valuable properties of particles
or molecules in liquid medium. These characteristics
directly affect bioavailability, dissolution and
immunotoxicity [4-8].

In the present work, the particle size, mobility
and zeta potential of novel copolymer-drug
conjugate including nontoxic drug carrier MAVA
[9], MAVA-AF [10] were measured as a function of
pH in water and as a function of time in the simulated
body fluids.

2. EXPERIMENTAL
2.1. Instrument and materials

The particle size and particle size distribution of
MAVA, AF and MAVA-AF solutions in water were

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

measured via Brookhaven 90 Plus/BI-MAS (Multi
Angle Particle Sizing) and electrophoretic mobility
and zeta potential measurements of all solutions
were also determined by Brookhaven Zeta Potential
Analyzer in water as a function of pH and in the
different medias such as phosphate buffer saline
(PBS; biotechnology grade, 137 mM NaCl, 2 mM

KCI ve 10 mM phosphate buffer, pH 7.4%0.1)
tampon (Sigma) and Dextrose (5 %) at physiological
temperature (37°C) as a function of time. The
Shimadzu UVmini-1240. UV/Visible
spectrophotometer was used to check the activity of
MAVA, AF and MAVA-AF.

2.2. Zetasizer Measurements
Electrophoretic mobility, . referred as mobility
is the average velocity of dispersed particles in an
electiric field of 1V/m:

Vs =peE (1)

Where E is electric field and Vs is an average drift

velocity of particles. The sign of mobility shows the
surface charge of particles. A positive mobility of a
particle means the surface is positively charged,
negative mobility means the surface is negatively
charged. The zero mobility value shows the velocity
is zero and electrostatic repulsion is small.
Zeta potential is the electrostatic potential at the
electrical double layer surrounding a nanoparticle in
solution. In other words, zeta potential is the
potential difference between the dispersion medium
and the stationary layer of fluid attached to the
dispersed particle [4].

Zeta potential, ¢ was determined ten times for
each sample. Results were automatically calculated
by the analyzer using the following Smoluchowski
equation:

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 43



D. Sakar Dasdan et al.: Zetasizer measurements of copolymer-drug carrier system...

o =2 2

where 1 is electrophoretic mobility, €is the
dielectric constant, ¢ is the zeta potential and n is the
viscosity of electrolyte [11]. Nanoparticles with a
zeta potential between -10 and +10 mV are
considered approximately neutral, while
nanoparticles with zeta potentials of greater than +30
mV or less than -30 mV are considered strongly
cationic and strongly anionic, respectively [12].

According to general colloid chemistry
principles, a dispersed system typically loses
stability when the magnitude (i.e. absolute value) of
the zeta potential decreases to less than
approximately 30 mV. As aresult, there will be some
region surrounding the condition of zero zeta
potential (i.e. the isoelectric point, or IEP) for which
the system is not particularly stable. Within this
unstable region, the particles may agglomerate,
thereby increasing the particle size [4].

3. RESULTS AND DISCUSSION

The particle size, mobility and zeta potential of
MAVA, AF and MAVA-AF solutions in water were

measured as a function of pH and different media
such as PBS buffer (Sigma) and dextrose (5 %). The
copolymer-drug activity in studied pHs and medias
was monitored by UV-VIS spectrophotometer.

The pH effects on particle size, mobility and Zeta
Potential of MAVA solution, AF and MAVA-AF
were given in Table 1, Table 2 and Table 3,
respectively.

MAVA in water is negatively charged and it is
anionic. Particle size of MAVA increases via
increasing pH and MAVA showed maximum zeta
potential at pH=7. MAVA was stable in water all
studied pH.

AF in water is negatively charged and it is
anionic. Particle size of AF does not change with
increasing pH and AF is stable at basic media. it is
more stable via increasing pH.

MAVA-AF in water is negatively charged and it
is anionic. Particle size of MAVA-AF does not
change via increasing pH and it is nearly neutral at
acidic media and it is more stable via increasing pH.

The activity of MAVA, AF and MAVA-AF in
water at the different pHs were checked by UV-VIS
and spectrums were given in Fig.1.

Table 1. pH effect on particle size, mobility and zeta potential of MAVA in water

pH Particle Size Mobility Zeta Potential
(nm) (mV)
2 145 -2.8 -35.7
3 160 -3.7 -47.2
4 150 -34 -43.1
5 170 -4.5 -58.2
6 180 -2.2 -28.5
7 185 -5.5 -71.1
8 195 -5.3 -67.7
9 220 -5.0 -63.6
10 260 -4.6 -58.3
11 320 -3.5 -50.0

Table 2. pH effect on particle size, mobility and zeta potential of AF in water

pH Particle Size Mobility Zeta Potential
(nm) (mV)
2 335 -0.7 -8.5
3 345 -0.8 -9.9
4 315 -1.1 -13.7
5 570 -1.2 -15.8
6 660 -2.3 -29.5
7 560 -2.5 -30.3
8 470 -2.8 -36.0
9 440 -2.9 -37.3
10 270 -2.6 -33.3
11 260 -2.8 -35.8
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Table 3. pH effect on particle size, mobility and zeta potential of MAVA-AF in water

pH Particle Size Mobility Zeta Potential
(nm) (mV)
2 380 -0.1 -1.0
3 420 -0.2 -2.3
4 475 -0.3 -3.3
5 685 -0.8 -9.6
6 710 -1.2 -14.7
7 680 -2.1 -27.0
8 650 -1.9 -25.2
9 600 -1.6 -20.9
10 530 -1.7 -21.3
11 500 -1.8 -235

HpH=2

Aph=3

Xphid

1(pH:5

pH=7

+pH=g

ph=3

~pH=10

el

A {nm) pal} 80 250 m 90 310
A (nm}
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220 230 240 250 260 270 280 290 300
A(nm)

MAVA-AF
Figure 1. pH effect on activity of MAVA, AF and MAVA-AF in water as a function of pH
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According to Figure 1, the activities of MAVA,
AF and MAVA-AF were shown as pH=8 (the
lowest), pH=11(the highest); pH=11 (the lowest),
pH=3 (the highest) and pH=7 (the lowest), pH=3
(the highest), respectively.

The results of particle size, mobility and zeta
potential measurements of MAVA, AF and MAVA-
AF in 5 % dextrose as a function of time were given
in Table 4, 5 and 6, respectively.

Table 4. Time effect on particle size, mobility and zeta potential of MAVA in 5 % dextrose

Time Particle Size Mobility Zeta Potential
(h) (nm) (mV)
0 120 -1.4 -17.6
0.5 119 -1.7 -21.8
1 119 -1.5 -19.4
2 120 -2.3 -28.9
3 120 -1.2 -15.0
96 120 -1.7 -21.3
168 100 -1.3 -16.5

MAVA in 5 % Dextrose is negatively charged and it
is anionic. Particle size of MAVA does not change

with time and it means it did not show any
aggregation with time.

Table 5. Time effect on particle size, mobility and zeta potential of AF in 5 % dextrose

Time(h) Particle Size Mobility Zeta Potential

(nm) (mV)

0 960 -1.1 -13.6
0.5 620 -1.2 -15.4

1 270 -1.6 -20.1

2 170 -1.0 -12.8

3 270 -2.3 -28.9

96 590 -1.2 -15.3
168 480 -0.7 -9.0

AF in 5 % dextrose is negatively charged and it is
anionic. Particle size and zeta potential of AF does

not change with time and it means it did not show
any aggregation with time.

Table 6. Time effect on particle size, mobility and zeta potential of MAVA-AF in 5 % dextrose

Time(h) Particle Size Mobility Zeta Potential

(nm) (mV)

0 380 -1.3 -16.9
0.5 390 -1.4 -17.8

1 390 -1.3 -16.8

2 390 -1.5 -19.5

3 390 -1.1 -14.0

96 560 -1.1 -13.6
168 580 -1.4 -18.3

MAVA-AF in 5 % dextrose is negatively charged
and it is anionic. Particle size and zeta potential of
MAVA-AF did not change with time and it means it
did not show any aggregation with time. According
to the zeta potential results of MAVA, AF and
MAVA-AF in 5 % dextrose, conjugation of MAVA
and AF is good and no any size and stability change.
The activity of MAVA, AF and MAVA-AF in 5 %
Dextrose as a function of time were checked by UV-
VIS and spectrums were given in Fig.2.
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According to Fig.2, activity of MAVA, AF and
MAVA-AF in 5 % dextrose is increasing as a
function of time. It means they did not show any
degradation in 5 % dextrose with time.

The results of particle size, mobility and zeta
potential measurements of MAVA, AF and MAVA-
AF in PBS as a function of time were given in Table
7,8 and 9, respectively.
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Figure 2. Time effect on the activity of MAVA, AF and MAVA-AF in 5 % dextrose.

Table 7. Time effect on particle size, mobility and zeta potential of MAVA in PBS

Time(h) Particle Size Mobility Zeta Potential

(nm) (mV)

0 180 -1.2 -15.1
0.5 190 -1.1 -15.0

1 230 -1.2 -15.1

2 240 -1.2 -15.1

3 250 -1.2 -15.0

96 270 -1.7 -21.3
168 290 -1.3 -16.5

MAVA in PBS is negatively charged and it is
anionic. Particle size and zeta potential of MAVA in
PBS did not change with time and it means it did not
show any aggregation and coagulation with time.
Table 8 Time effect on Particle size, Mobility and
Zeta potential of AF in PBS.

AF in PBS is negatively charged and it is anionic.
particle size and zeta potential of AF in PBS did not
change with time and it means it did not show any
aggregation and coagulation with time.
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Table 8. Time effect on particle size, mobility and zeta potential of AF in PBS.

Time(h) Particle Size Mobility Zeta Potential
(nm) (mV)
0 460 -1.0 -12.9
0.5 360 -1.1 -13.6
1 280 -1.2 -15.7
2 340 -1.3 -17.5
3 310 -1.2 -15.7
96 270 -1.3 -17.5
168 230 -1.1 -13.6
Table 9. Time effect on particle size, mobility and zeta potential of MAVA-AF in PBS
Time(h) Particle Size Mobility Zeta Potential
(nm) (mV)
0 810 -6.4 -8.1
0.5 870 -5.8 -10.3
1 880 -1.3 -16.4
2 810 -1.6 -20.2
3 850 -1.7 -21.4
96 810 -1.8 -22.1
168 850 -1.9 -24.8

MAVA-AF in PBS is negatively charged and it is MAVA and AF in PBS. It means conjugation of
anionic. Particle size and zeta potential of AF in PBS MAVA and AF is successful.

did not change with time and it means that it did not The activity of MAVA, AF and MAVA-AF in
show any aggregation and coagulation with time. PBS as a function of time were checked by UV-VIS
Particle size of MAVA-AF in PBS is bigger than and spectrums were given in Fig.3.

% 08
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¥t=3h
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+t=168h
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Figure 3. Time effect on the activity of MAVA, AF and MAVA-AF in PBS.
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According to Fig.3, activity of MAVA did not
change with time in PBS, maximum activity of AF
and MAVA-AF in PBS was shown at 2 h and their
activities decreased with time.

4. CONCLUSIONS

Determination of stability and charge of novel
copolymer-drug conjugate, MAVA-AF was carried
out using zetasizer measurements in water as a
function of pH and in simulated body fluids as a
function of time. Activity of novel copolymer-drug
conjugate was controlled via UV spectrophotometer
in water as a function of pH and in simulated body
fluids as a function of time. It was determined that
the copolymer, drug and copolymer-drug conjugate
are negatively charged. They show anionic character
in water and simulated body fluids. The change of
pH showed positive effect on the stability of
copolymer-drug  conjugate.  Activation  of
copolymer-drug conjugate is increasing with time in
dextrose solution and it was not shown any
degradation or aggregation in this solution.
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Metal carbonyl complexes have been accepted major for storage and transportation of carbon monoxide which is an

important  gasotransmitter. We synthesized novel

manganese(l)carbonyl

complex with general formula

[Mn(CO)3(bpy)L]OTT (bpy =2,2’-bipyridyl, L= N-(2-chlorobenzyl)benzimidazole, OTf = SO3CF3). The complex was
characterized by LC-MS, *H NMR, 2D-COSY NMR, 3C NMR, IR and elemental analysis. The CO-releasing properties
of the complex were investigated. The DFT/TDDFT analyses were also made by ORCA package program.

Key words: CORM, carbonyl complexes, manganese

INTRODUCTION

Carbon monoxide (CO) is a tasteless, odorless,
and colorless gas that often referred to as “silent
killer” due to its well established toxicity. CO which
binds to hemoglobin to form carboxyhemoglobin
(COHb) blocks the oxygen transport in the
bloodstream whereas COHb levels of up to 10%
caused by CO inhalation are asymptomatic.
Furthermore, CO which is a byproduct of heme
catabolism has been recognized as an important
gasotransmitter in mammals and plays versatile roles
in tissue protection [1-5]. Although the mechanism
of action has not been understood yet, the researches
have pointed out that CO could take part in heme
oxygenase equilibrium of hemoglobin degradation
process [6]. Many papers about anti-inflammatory,
antiapoptotic, antiprofilerative, antioxidant, and
anticancer activities have supported the therapeutic
characteristic of CO [7-9]. The studies about the CO
have divided into two ways: (1) analysis of the
bioactivities and the mechanism of action [5, 10-13]
and (2) transport the CO with controllable amount
and speed to the tissue. Transition metal carbonyl
complexes have considered as promising candidates
to provide certain amount of CO to biological
systems within a certain time [14, 15]. CO-releasing
molecules (CORMs) can provide CO with ligand
substitution [16, 17], enzyme-triggered [18, 19] and
photo-activation [20-23] reactions. Photoactivatable
CO-releasing molecules (PhotoCORMS) have to be
sensitive to certain wavelength of UV/Vis light but
stable in dark within used solvent or solvent systems.
It is well-known that penetration depth of light into
tissue depends on wavelength and ideal

*) To whom all correspondence should be sent:
E-mail: elvanustun77@gmail.com
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PhotoCORM must release CO by long wavelength
within steady times.

Irradiation into the low-lying metal-to-ligand
charge transfer (MLCT) bands, which belong to
transitions from the metal to the lowest * orbital of
the ligand, may give rise to photo-dissociation of
carbonyl ligand and this is, in fact, the main
mechanism of CO release with UV-light. An
understanding of photochemistry of transition metal
compounds requires knowledge of the properties of
molecular orbitals, and appropriate excited states.
Density functional theory (DFT) and time-
dependent DFT approach (TDDFT) plays a crucial
role in characterization of the excited states
coordination complexes [24-29]. Furthermore,
applications of TDDFT approaches have recently
been reported on transition metal complexes and got
good results. Structures and electronic transitions
predicted with the popular BP86 functional are no
worse or in many cases are even slightly better than
those predicted by the hybrid B3LYP functional [30-
35].

In this study, novel [Mn(CO)s(bpy)(N-2-
chlorobenzylbenzimidazole] OTf (bpy: 2,2-
bipyridyl; OTf: SOsCF3) were synthesized as a
CORM. The structures of ligand and compound
were elucidated by *H NMR, 2D-COSY NMR, *C
NMR, IR, LC-MS, and elemental analysis. CO-
releasing properties of the compound were
investigated. Also DFT/TDDFT analysis of complex
was made with ORCA package program by both
BP86 and B3LYP functionals for obtaining the
optimized geometries, MO electron densities and
having insights electronic transitions that promote
CO-release.

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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EXPERIMENTAL

Materials and methods

All reactions were carried out under argon using
standard Schlenk and vacuum techniques. Solvents
were freshly distilled after refluxing over metallic
sodium or phosphorous pentoxide for 3-4 days [36].
IR spectra were recorded on solid samples with a
Shimadzu IRAffinity-1 ATR spectrometer. Band
intensities are marked as strong (s), medium (m),
weak (w), or shoulder (sh). NMR spectra were
recorded on a Bruker Ultra Shield 300 MHz
spectrometer. Chemical shifts 6 in ppm indicate a
downfield shift relative to tetramethylsilane (TMS)
and were referenced relative to the solvent signals.
Coupling constants J are given in Hertz. Absorption
spectra were measured using a Shimadzu UV-1800
spectrophotometer equipped with quartz cuvettes
(d=1 cm). Elemental analysis (C, H, and N) were
obtained using a CHNS-932 (LECO) instrument.
LC-MS was carried out on an Agilent 1100 Series
instrument. All chemicals were purchased from
Sigma Aldrich and used without further purification.

Synthesis of ligand

Small pieces of lithium (45 mmol, 312 mg) were
added slowly to ethylene diamine at 110 °C. The
solution was allowed to reach room temperature
after stirring for 1 hour and n-alkylbenzylchloride
(50 mmol) and toluene (40 mL) were added.
Precipitated lithium chloride was filtered and the N-
(n-alkyl benzyl)ethylene diamine was isolated by
distillation from the oily mixture (120 °C/0.01
mmHg) after solvents were removed under vacuum.
N-(n-alkylbenzyl)ethylenediamine (35 mmol) and
N,N-dimethylformamide dimethylacetal (40 mmol)
were stirred for 2 hours at 100 °C and methanol and
dimethyl amine were separated at 120 °C by
distillation. The last product was isolated from
yellow oily residual by distillation under vacuum
(124 °C/0.01 mmHg). Yield:1.96 g (81%). '"H NMR
(399.9 MHz, CDCls) ¢ (ppm) = 8.05 (s, 1H, NCHN),
7.86-7.89 (m, 1H, NCeHiN), 7.45-7.48 (m, 1H,
NCesHaN), 7.26-7.37 (m, 4H, CH2CeH4CI), 7.17-
7.22 (m, 1H, NCsH:N), 6.89-6.92 (m, 1H, NCsHsN),
5.49 (s, 2H, CHCgH.Cl). C NMR (100.5 MHz,
CDCl3) 6 (ppm) = 143.8 (NCHN), 133.7, 133.1,
133.0, 130.0, 129.7, 128.7, 127.5, 123.4, 122.6,
120.4, 110.0 (NCeHiN ve CH.C¢H4CI), 46.5
(CH2CsH4CI). Anal. Calc. for C14sH11N2Cl (242.70
gmol-1): C, 69.28; H. 4.57; N, 11.54. Found: C,
69.32, H, 4.60, N, 11.50. M.P:80-82 °C.

Synthesis of complex

Mn(CO)s(bpy)Br was prepared according to
literature methods by Staal [37]. Mn(CO)s(bpy)Br
(100 mg, 0.267 mmol) were added into the solution

of AgOTf (82.2 mg, 0.320 mmol) in acetone (10
mL). Precipitated AgBr was filtrated by Celite and
the ligand was added after stirring for a day in room
temperature. Acetone was evaporated under
vacuum. Precipitated orange product was filtered
and washed with 5 mL cold methanol and 10 mL
cold diethyl ether. Yield: 152.2 mg (83.1%). 'H
NMR (300 MHz, DMSO-Ds) J (ppm) = 5.456 (s, 2H,
NCH,C¢H.CI), 7.784 (s, 1H, NCHN), 9.453 (d,
J=5.0, 2H, N2CioHs, 6/6’), 8.637 (d, J=3.0, 2H,
N2C1oHs, 3/3”), 8.305 (t, J=8.0, 2H, N2CioHs, 4/4°),
7.821 (t, J=7.0, 2H, N2CioHs, 5/5”), 7.901 (d, J=8.0,
1H, NCHCeH«CI), 7.015 (d, J=7.5, 1H,
NCH2CeH4Cl), 7.518 (d, J=8.0, 1H, NCsHaN),7.25-
7.4 (m, 5H, NCH,CsH4Cl ve NCsH4N). 3C NMR
(300 MHz, DMSO-Ds) o (ppm) = 46.86
(NCH2CeH4CI), 165.39 (NCHN), 155.02, 154.72,
140.44, 127.84, 124.06 (N2CioHs), 146.60, 141.31,
133.12, 132.55, 132.14, 121.69 (NCH2CeH4CI),
130.27, 130.16, 129.89, 129.67, 127.62, 124.34
(NCgH4N), 190.58 (CO). LCMS: m/z 452.1 [M-OTf-
3COJ". IR (cm, ATR): 1444.75, 1475.61 (s, C-H),
1603.88 (s, C-N), 2035.95, 1944.33, 1930.83 (s, CO)

Myoglobin assay

Stock solutions of the complexes for myoglobin
assays were prepared in DMSO. PBS (0.1 M,
pH=7.4), 100 mM sodium dithionite (100 pL), 15
UM carbonyl complex and 60 uM myoglobin were
combined in a cuvette to give a total volume of 1000
uL. Solutions were degassed by bubbling with argon
at each step of the procedure. Horse muscle
myoglobin solution prepared in PBS (0.1 M, pH =
7.4) was reduced to deoxymyoglobin by addition of
a solution sodium dithionite in PBS (0.1 M, pH =
7.4). Irradiation was made with a 365 nm CAMAG
UV Lamp at 1 min intervals during the initial 20 min,
then continued at 5 min intervals until no further
difference in MbCO concentration was observed.
The final solution was placed 5 cm front of the UV
lamp. All irradiation experiments were carried out in
triplicate. Solutions were freshly prepared for the
dark stability and photo-activation experiments.
Dark stability spectra were collected automatically
for the required period of time by the spectrometer
software.

THEORY/CALCULATION

DFT calculations were carried out with ORCA
version 2.8 using the BP86 and B3LYP functional
with the resolution-of-the-identity (RN
approximation, a def2-TZVP/ def2-TZVP/J basis
set, the tightscf and grid4 options, and the COSMO
solvation model with water as the solvent for
geometry optimizations [30, 31].
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RESULTS AND DISCUSSION

Novel ligand of complex was synthesized by
adding 2-chlorobenzylchloride to benzimidazole and
characterized by H NMR, #C NMR, IR and
elemental analysis as detailed in the experimental
section. NCHN hydrogen of free ligand shows a
singlet at 8.05 ppm in *H NMR and the NCHN
carbon of free ligand shows resonance at 143.8 ppm
in *C NMR. Also, benzyl CH; hydrogens are seen
at 5.49 ppm as a singlet at *H NMR and at 46.5 ppm
in ¥C NMR. IR spectroscopy and elemental analysis
were used for confirmation the characterization of
free ligand.

The complex was synthesized by stepwise ligand
addition to pre-synthesized Mn(CO)s(bpy)Br. The
characterization of the complex was performed with
'H NMR, *C NMR, IR, and LC-MS. NMR signals
at 9.45 ppm (t), 8.64 ppm (d), 8.31 ppm (t) and 7.82
ppm (t) with good splitting and integration are
assigned to bpy moiety of the complex. Single signal

1,09 MbCO

0,9 4

0,8 4

Absorbance
o o o o
BN (4] (9] ~l
1 1 1 1

o
w
-

0,2 4

0,1

0,0

at 7.78 ppm also indicates the hydrogen atom
between nitrogens of benzimidazole moiety. All the
assignments of the 'H NMR spectrum was
confirmed by 2D-COSY NMR spectrum. The signal
at 165.4 ppm of the *C NMR of complex is
attributed to NCHN carbon of the benzimidazole
moiety. The benzyl CH, of benzimidazole moiety
shows signal at 46.9 ppm *C NMR.

IR spectra must have three C-O bands due to the
Cs point group and the C-O bands were recorded
2035.9, 1944.3 and 1930.8 cm™. The band at 1603.8
cm? is assigned to C-N. Also remarkable 1261.4,
1228.9, 1145.6, and 1030.0 cm™ bands are labeled as
OTf that used as precipitant of the complex. LCMS
analysis of complex is consistent with expectations.
The strongest band of LCMS is attributed to M-OTf-
3CO form of the compound. The complex displayed
broad maximum on 380 nm and two shoulders on
325 and 276 nm, the extinction coefficients were
calculated 2834.4, 59725, and 17171.2 M'cm?
according to Lambert-Beer law, respectively.

L L L R
510 520 530 540 550

T T T T T 1
560 570 580 590 600

Wavelength (nm)
Figure 1. Change of absorption of myoglobin with the irradiation at 365 nm UV light for a solution of complex (15
uM) in 0.1 M PBS (pH=7.4) in the presence of myoglobin (60 pM) and sodium dithionite (10 mM) under argon
atmosphere as monitored by UV/Vis spectroscopy.

CO-releasing properties of the complex was
identified by myoglobin-assay as detailed above.
The absorption of the complex in DMSO for 380 nm
(the main maximum of the complex) and myoglobin
assay solution for 510, 540, 557 and 577 nm (510
nm: isobestic point; 540 nm: Mb-CO; 557 nm:
deoxy-Mb; 577 nm: Mb-CO) was measured in the
dark in 16 h. The compound has showed good dark
stability with only negligible spectral fluctuations
(Figure 2). Then the complex was irradiated with
366 nm UV-lamp for confirmation the light
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sensitivity (Figure 3). The light sensitivity and CO-
releasing of the complex were also confirmed with
IR (Figure 4). In myoglobin assay, due to binding of
released CO with myoglobin, the reaction is forced
towards product side. Carbonmonoxy myoglobin
concentration [MbCO] and equivalence CO (eq. CO)
which become fixed after a while have indicated
total released CO. Total released CO, CO
equivalents, and half-life (ti») were determined with
UV-Vis Spectrophotometer at 1 minute intervals
with 366 and 410 nm UV-lamps (Figure 1). The ti
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in this study is defined as the time taken to release
50% of the total CO ligands present per molecule.
Carbonmonoxy myoglobin concentration of the
complex is 34.8 uM while the equivalence CO is
2.32 with 366 nm UV-lamp. But carbonmonoxy
myoglobin concentration of the complex is 23.6 uM
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AA L 4 A 4 A A A 4 A A A A a4 a
1,0

0,8+

0,6

Absorbance

0,4

0,2

00
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0 2 4 6 8 10 12 14 16
Time (h)

a

while the equivalence CO is 1.9 with 410 nm UV-
lamp. Half-life of the complex can be used for
kinetic analysis. The complex has released half of its
CO in 20.8 min with 366 nm UV-lamp while the
half-life is calculated 69.2 min with 410 nm UV-
lamp.
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Figure 2. a) Change of absorption spectra of complex with in dark in DMSO b) Change of absorption at selected
wavelengths (510 nm: isobestic point ,black; 540 nm: Mb-CQO, red; 557 nm: deoxy-Mb, blue; 577 nm: Mb-CO, pink)
with increasing incubation time in the dark (0 to 16 h) for a solution of complex (15 uM) in 0.1 M PBS at pH 7.4 in
the presence of myoglobin (60 uM) and sodium dithionite (10 mM) under a dinitrogen atmosphere as monitored by

UV/vis spectroscopy.
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Figure 3. Change of absorption of the complex with 366 nm light in DMSO.

If the CO releasing occurs as observed in the
myoglobin assay, the reactions must result with the
formation of di- or mono-carbonyl complexes of
manganese. Typical IR spectra for fac-manganese (1)
tricarbonyl complex is detailed the experimental
section. During excitations, strong IR bands of
parent complex have disappeared that indicates the
dissociation of [Mn!(CO)s]-units of complex. On the
other hand new IR bands have emerged in the region
around 1975 cm*and 1860 cm™. These bands could
be attributed to cis-manganese (1) dicarbonyl
complexes [38, 39]. The new IR bands around 1850
cm? and 1875 cm?® might be considered as
monocarbonyl manganese (I) complexes [40]
(Figure 4).

The complex was structurally optimized by DFT
with ORCA package program with COSMO model
in water. Manganese compounds containing
aromatic ligands usually exhibit intense metal-to-
ligand charge transfer (MLCT) transitions in UV-
Vis spectrum. Electronic transitions and molecular
orbitals which have contribution to electronic
transitions were analyzed. Only strong transitions
with an oscillator strength >0.01 are reported and
contributions >20% are listed in Table 1. HOMO of
molecule intensively The HOMO-LUMO transition
is a kind of MLCT which is expected to occur in
584.5 nm theoretically, but this transition could not
be observed in UV-spectrum of the complex
practically because of weak oscillation strength.
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Electronic states with highest oscillating force in
376.6 nm is state 11 in which electrons flow from
manganese to 2,2’-bipyridyl. This state mostly
includes HOMO-1—LUMO+2 transition and is in
excellent agreement with experimental maximum in
380 nm. However, state 18 in which electrons flow
by HOMO-

to benzimidazole
100

from metal

920 J
80 -
70-
50 ]
40
30 ]
20 ]

10 4

0

1—-LUMO+3 in 336.6 nm and state 22 in which
electrons flow from benzimidazole to 2,2’-bipyridyl
by HOMO-5—LUMO+2 in 327.4 nm are also agree
with the shoulders on the UV-Vis spectrum in 325
nm. These three states can be considered as
broadness of the maximum of the complex (Table 1).

T T
2100 2050 2000 1950

T T 1
1900 1850 1800

-1
wavenumber/cm

Figure 4. Time-dependent changes in the IR spectra of the complex consists of transition metal orbitals while LUMO is
formed completely from 2,2’-bipyridyl orbitals.

Table 1. Energies (in nm), Oscillator Strength ( fosc), Main Orbital Contributions, and Type of Transition
Involved in the Most Important Singlet Excitations of the complex Calculated with TDDFT/BP86

State Molecular Orbitals Main Transitions
1 - 584.5 nm
_—>

(%82.7)
2 548.0 nm

(%81.7)
11

LUMO+2
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MLCT (fosc:0.0605)
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In the presented work, synthesis of the ternary sodium alginate based hydrogels as drug delivery systems having different
properties and drug release experiments were performed. For this purpose, gelatine, a-cellulose, clinoptilolite, modified
clinoptilolite and 4-acryloyl morpholine (4 AcM) were combined with sodium alginate (NaAlg). Hydrogels were
characterized by Fourier transform infrared spectroscopy (FT-IR) and digital microscope. In vitro drug release studies
have been performed for Donepezil hydrochloride loaded hydrogels at pH 1.2, 6.8 and 7.4. The results showed that these

hydrogels can be used for drug delivery systems.

Keywords: The ternary sodium alginate based hydrogels, drug release, Donepezil hydrochloride.

INTRODUCTION

Alzheimer’s disease (AD) is an irreversible,
progressive brain disorder which leads to
deterioration of intellectual and social functions,
memory loss, personality changes and inability for
self-care. AD is the fourth leading cause of death in
developed countries [1-2]. In 2013, Alzheimer’s
Disease International (ADI) reported the worldwide
prevalence of dementia to be more than 44 million
[3].

Drug delivery systems have been attracted a great
deal of attention for the past few decades since it
offers the effective and targeted drug delivery in the
field of pharmaceutics [4-10]. Hydrogels are used
control drug release because they change the gel
structure in response to environmental situation [11].
The important physicochemical and biological
characteristics of hydrogels, along with their huge
diversity, collectively, have led to desirable attention
to these polymeric materials as important candidates
for delivery systems of therapeutic agents [12-18].
Donepezil Hydrochloride (DH) is a second-
generation cholinesterase inhibitor (ChEl). It is used
for the treatment of Alziemers disease (AD) having
greater specificity for the brain acetyl cholinesterase
enzyme (AchE) [19].

In this study; an Alzheimer drug donepezil
hydrochloride (DH) which was encapsulated in to
sodium alginate (NaAlg) hydrogels which were
combined with gelatine, a-cellulose, clinoptilolite,
modified clinoptilolite and 4-acryloyl morpholine.
Fourier transform infrared (FT-IR) spectroscopy and
digital microscope were used to characterize the
hydrogels.

*) To whom all correspondence should be sent:
E-mail: eakyol@yildiz.edu.tr

EXPERIMENTAL
Materials

Sodium alginate (Protonal LF 10/60) was
purchased from FMC Biopolymer. Donepezil HCI
was provided by Abdi Ibrahim Company.
Clinoptilolite was provided by Gordes Zeolit
Company. Gelatine was provided by Carlo Erba, a-
cellulose, and 4 Acryloyl morpholine were
purchased from Sigma Aldrich. Calcium chloride,
was provided by Merck.

Preparation and Characterization of Hydrogels

Donepezil HCI 0.05 % (w/v) and 1% (w/v)
NaAlg were dissolved in deionized water and mixed
by using a magnetic stirrer at 40°C and 200 rpm.
According to hydrogel type, 1% (w/v) gelatine,
clinoptilolite, modified clinoptilolite, 4 AcM, a-
cellulose were added. The solution was added drop
wise into CaCl; solution (2 % (w/v) under constant
stirring at 100 rpm. Hydrogels were washed and
dried at room temperature.

Preparation of modified clinoptilolite: 50 ¢
clinoptilolite was added in to 3M NaCl solution at
60°C for 30 sec in ultrasonic bath. This procedure
was twice repeated. After that clinoptilolite washed
with deionized water and dried for 24 h. Synthesis
conditions of hydrogels are summerized in Table 1.

Diameter of hydrogels were calculated by using
microscope photos (Veho, VMS- 004 USB
Microscope). Characterization of functional groups
present in the hydrogels were performed by FT-
IR spectroscopy (Perkin Elmer Spectrum 100).

Swelling behavior was studied by a gravimetric
method. Drug loadded hydrogels were used for
swelling behaviour at 37°C. At predetermined time
point, the hydrogels were taken out and weighed

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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after removal of surface water. Swelling ratio was
calculated as follows:
Swelling ratio= (Ws- W;)/ Wi*100

where W; is the initial weight of the prepared
hydrogel and W5 is the weight of the hydrogel in
swollen state.

Table 1. Experimental synthesis conditions for the sodium alginate based composite

Hydrogels NaAlg | 4AcM | Clinoptilolite | Modified Clinoptilolite | Gelatine a-cellulose
Hydrogel 1 (H1) %1 % 1 - - - -
Hydrogel 2 (H2) %1 %1 %1 - - -
Hydrogel 3 (H3) %1 %1 - %1
Hydrogel 4 (H4) %1 %1 - - %1 -
Hydrogel 5 (H5) %1 %1 - - - %1
Hydrogel 6 (H6) %1 - %1 - %1 -
Hydrogel 7 (H7) %1 - %1 - - %1
Hydrogel 8 (H8) %1 - - %1 %1 -
Hydrogel 9 (H9) %1 - - %1 - %1

Hydrogel 10 (H10) %1 - - - %1 %1

RESULTS AND DISCUSSION
Characterization of the prepared hydrogels

Characterization of hydrogels by FT-IR was
carried out to determine the chemical structure and
to confirm the combination. Figure 1 displays the
FT-IR spectrum of hydrogels. As seen in Figure 1,
the broad absorption band around 3388 cm is
ascribed to the peaks of -OH groups. The absorption
peaks at 1620 and 1416 cm™ is assigned to stretching
characteristic of alginate.

Figure 1(a-b-c-d-e) illustrates the FT-IR spectra
of the AcM based hydrogels. The band at 1615 cm™?
displays the shift of C=0 vibration of the AcM
structure due to hydrogen bonding interactions.
Also, the ring stretching vibration (mainly
asymmetric v(C-O-C)) in morpholine is observed at
about 1112 cm™. As seen in Figurel(b) and (e), the
FT-IR band connected with the internal Si—-O(Si) and
Si—O(Al) vibrations in tetrahedral or alumina- and
silica oxygen bridges lies at 795 cm™. The band at
1268 cm* representing amid groups in gelatine (c).
The band at 1427 cm™ is ascribed to the OH groups
which belonged to a-cellulose (d). Two different
clinoptilolite was used in this study: clinoptilolite
and modified clinoptilolite. When the difference
spectrum of clinoptilolite and modified clinoptilolite
was investigated, it was seen the presence of the
same typical bands clinoptilolite and modified
clinoptilolite. Figue 1(d-f-g-h), exhibits FT-IR
analyses for gelatine based hydrogels. The band of
gelatin centered at about 3400 cm™, which was the
stretching vibration, broadened and coupled with —
OH band of sodium alginate at 3450 cm™, included
by the addition of sodium alginate to gelatin, implied
the occurrence of hydrogen bonds between —OH
groups of sodium alginate and —NH groups of gelatin
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molecules. Figure 1(e-g-i-j) shows the FT-IR
spectra of a-cellulose based hydrogels modified by
4 AcM, gelatine, clinoptilolite and modified
clinoptilolite, respectively.

The sizes of hydrogels were between 1.67 and
257 mm, which were obtained by digital
microscope. Diameter of hydrogels are given in
Table 2.

Table 2. Diameter of hydrogels

Hydrogels (mm)
H1 1,67
H2 1,70
H3 1,93
H4 1,93
H5 2,28
H6 1,85
H7 2,57
H8 1,99
H9 2,20
H10 2,29

Figure 1(a-b-c-d-e) illustrates the FT-IR spectra
of the AcM based hydrogels. The band at 1615 cm*
displays the shift of C=0 vibration of the AcM
structure due to hydrogen bonding interactions.
Also, the ring stretching vibration (mainly
asymmetric v(C-O-C)) in morpholine is observed at
about 1112 cm. As seen in Figurel(b) and (e), the
FT-IR band connected with the internal Si—O(Si) and
Si—O(Al) vibrations in tetrahedral or alumina- and
silica oxygen bridges lies at 795 cm™. The band at
1268 cm™ representing amid groups in gelatine (c).
The band at 1427 cm™ is ascribed to the OH groups
which belonged to a-cellulose (d).
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Figure 1. FT-IR analyses of hydrogels.

Two different clinoptilolite was used in this
study: clinoptilolite and modified clinoptilolite.
When the difference spectrum of clinoptilolite and
modified clinoptilolite was investigated, it was seen
the presence of the same typical bands clinoptilolite
and modified clinoptilolite. Figue 1(d-f-g-h),

exhibits FT-IR analyses for gelatine based
hydrogels. The band of gelatin centered at about
3400 cm™, which was the stretching vibration,
broadened and coupled with —OH band of sodium
alginate at 3450 cm™, included by the addition of
sodium alginate to gelatin, implied the occurrence of
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hydrogen bonds between —OH groups of sodium
alginate and —NH groups of gelatin molecules.
Figure 1(e-g-i-j) shows the FT-IR spectra of a-
cellulose based hydrogels modified by 4 AcM,
gelatine, clinoptilolite and modified clinoptilolite,
respectively.

The sizes of hydrogels were between 1.67 and
257 mm, which were obtained by digital
microscope. Diameter of hydrogels are given in
Table 2.

Table 2. Diameter of hydrogels

Hydrogels (mm)
H1 1,67
H2 1,70
H3 1,93
H4 1,93
H5 2,28
H6 1,85
H7 2,57
H8 1,99
H9 2,20
H10 2,29
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Swelling properties of the hydrogels

The swelling properties of hydrogels were
studied as function of time and pH. Swelling curves
and maximum equilibrium swelling of hydrogels in
deionized water and in solutions with of pH 1.2, pH
6.8, pH 7.4 at 37°C were shown in Figure 2 and 3,
respectively.

It has been well-known that the swelling—
deswelling behavior is mainly due to the interaction
between polymer and water molecules. It was
observed that the swelling of hydrogels are depended
on medium. As shown in Figures 2 and 3, for all
hydrogels, maximum swelling was obtained at pH
6.8 and minimum at pH 1.2. Hydrogels presented a
very low swelling ratio at pH 1.2, due to the
protonation of carboxylate group in sodium alginate
lowering the electrostatic repulsion. Three hours
later, it was observed that hydrogels started to break
into pieces at pH 6.8 and 7.4. Also, hydrogels which
content gelatine presented the best swelling
capacities. The percentage of swelling of H4
(NaAlg/4AcM/Gelatine) reached up 84 % within 24
hin pH 1.2, 104% within 24 h in deionized water,
424 % within 3h in pH 7.4 and 1309 % within 3 h in
pH 6.8.
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Figure 2. Swelling rate curves of hydrogels
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Donepezil HCI release studies

In this section the interaction of the hydrogels
with donepezil hydrochloride was studied. pH 1.2,
pH 6.8 and pH 7.4 were selected as mediums for the
study of the hydrogels interaction with donepezil
hydrochloride. Figure 4, 5 and 6 depict the percent
cumulative release of donepezil hydrochloride from
hydrogels at pH 1.2, pH 6.8 and pH 7.4, respectively,
at 37°C.

It has been found that the hydrogels of NaAlg/a-
cellulose/Clinoptilolite show the highest release
ratio in all mediums. While the gelatine based
hydrogels showed prolonged release profiles, the

AcM based hydrogels did not. When compared the
release of clinoptilolite, modified clinoptilolite,
there is not significant difference between them.
Also the release behavior of donepezil hydrochloride
from the hydrogel was very sensitive to pH. It has
been determined that release duration of Donepezil
Hydrochloride at pH 1.2 was longer than pH 6.8 and
pH 7.4. Since extending the time of release of
hydrogels were obtained at pH 1.2, hydrogels can
lead to a successful application for localized drug
delivery used for gastric medium. The percentage
cumulative release of donepezil HCI from AcM
based hydrogels was lower in all medium pH.
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Figure 4. Donepezil HCI release of hydrogels in pH 1.2 media.
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Figure 6. Donepezil HCI release of hydrogels in pH 7.4 media.

CONCLUSIONS

In this study, the ternary sodium alginate based
hydrogels were prepared successfully with gelatine,
a-cellulose, clinoptilolite, modified clinoptilolite
and 4-acryloyl morpholine. It has been found that the
hydrogels content gelatine show the highest degree
of swelling and release rate. Also the release
behavior of donepezil hydrochloride from the
hydrogels was very sensitive with the medium pH. It
was seen that the time of release of hydrogels was
very high at pH 1.2. These results suggest that the
sodium alginate based composite hydrogels may be
appropriate for use in the controlled release of drugs.
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Oxidation of sulfur dioxide (SO2) may form various atmospheric air pollutants, which is caused by natural processes or human activity.
Chemical composition of the atmosphere and biosphere can change depending on the efficiency of the oxidation processes.
Atmospheric gases like H2SOa released by the oxidation of SOz is naturally removed from the atmosphere through oxidizing chemical
reactions. Human activity can increase the amount of gases in the atmosphere, therefore it can affect the oxidation capacity. As a result
of OH reaction, these gases are destroyed and removed from the atmosphere. OH reaction converts SO2 to sulfuric acid H2SOa. Rain
carries the sulfuric acid to biosphere or hydrosphere.

Free radicals are found in the atmosphere in small amounts, however, they rapidly react with other substances and thus spread through
the atmosphere. SOz is one of the reactive radicals which has an effect on the oxidation processes. It plays an important role in the
balance of atmospheric composition.

This study evaluates the SOz values in Kandilli, Sultanbeyli and Umraniye districts in Istanbul that was measured by Istanbul Marmara
Clean Air Centre between March 1, 2013 and April 30, 2016. According to the measurements, the level of SOz was below the minimum
level recommended by Turkish Government. Accordingly, it has been determined that the air quality was satisfactory; and the air
pollution poses little or no risk to human health. In addition, temperature was found to have a significant impact on SO2 compared to
wind velocity and humidity. It was observed that SOz concentrations increased in winters compared to other seasons. SOz mean
concentrations were lower in Istanbul compared to other countries.

Key words: outdoor air quality; SO2; oxidation; Istanbul

1. INTRODUCTION

SO, is a colorless, pungent gas emitted by the
combustion of sulfur-bearing fuels like coal or fuel-
oil, metal smelting and other industrial facilities. The
main sources of SO in the atmosphere are domestic
heating, thermal power plants and industrial boilers.
Highest concentrations of SO, are generally
measured in the settlements where low-quality coke
is burned for heating or where there are large
industrial facilities.

Children, elderly and the people suffering from
asthma are the most vulnerable group to the effects
of SO,. SO, exposure harms the respiratory system
by narrowing the respiratory tract, which can be
detected with the symptoms such as wheezing, chest
compression and cutaneous breathing. These
symptoms may emerge as a result of high
concentrations of SO, and increased breathing rate.
After the exposure stops, lung returns to its normal
functioning within one hour. Moreover, high
concentrations of SO, may cause wheezing, chest
compression, cut-off breathing.

Long-term exposures to SO, can lead to
respiratory illnesses and changes in defense
mechanisms of the lungs, and worsen the existing
cardiac diseases. Children, elderly and the people
who have chronic lung or heart diseases are the most
sensitive group to this effect of SO..

Meteorological parameters may also be effective
in dispersion or chemical transformation of air

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

pollutants. For example, when the temperature
decreases, the amount of combustion pollutants
increases in the atmosphere, which in the end leads
to the emission of SO; [1].

There are various studies which investigated the
level of atmospheric SO- in different urban region
areas [2-7].

2. EXPERIMENTAL

Figure 1(a) shows the areas of investigation,
which are certain locations selected from crowded
districts of Istanbul (Figure 1b). The residents in
these districts use heating systems in winter and the
main sources for heating systems are coal, and
natural gas. Only the Kandilli district (Uskudar) is
located on the Marmara Sea coast among the three
locations. SO, values of these 3 areas are shown in
Figure 1(c), which were measured by staff of
Marmara Clean Air Center. Ambient air quality was
measured through TS EN 14212 method by
determining the level of sulfur dioxide using
ultraviolet fluorescence [8].

SO; limit values determined and implemented by
Turkish authorities, EU and WHO in order to protect
human health are shown in Table 1. The limit value
of SO, determined by EU for 1 hour is 350 pg/m?
and permitted number of exceedence is 24 times per
year [9].
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Fig. 1. (a) Investigation sites: Kandilli, Sultanbeyli, and Umraniye; (b) Istanbul, Turkey; (c) SO, concentrations

Table 1. Daily limit values for SO, (ug/m?) [9,10,11]

Year Turkey EU (Permitted WHO
exceedences each
year)
2013 280 125 (3) 20
2014 250 125 (3) 20
2015 225 125 (3) 20
2016 200 125 (3) 20
2166
5 Umraniye 2123 W 2015
Q 2000
£ .| 867 2014
c Sultanbeyli | 864
5 863 2013
) 2
o Uskudar 2%%%
2483
Umraniye
G
° 2
55 .
© 5 Sultanbeyli
€%
> o
Z —
Uskudar

Fig. 2. Mortality rate and resident numbers for Umraniye, Sultanbeyli, and Uskudar [12].

3. RESULTS AND DISCUSSION

According to the measurements, the levels of SO,
in three locations did not exceed the limit value
during the 2013-2016 period. According to Turkish
health index, air quality was assessed through SO,
concentration and determined as good with 100
ug/m?. Therefore, it was determined that the health
risk of SO, emissions was low in Kandilli,
Sultanbeyli and Umraniye in the years between
2013-2016, the air quality was suitable for outdoor
activities.

There was a correlation between the number of
residents and mortality, which was determined as
0.99 for Umraniye and 0.85 for Sultanbeyli. The
mean SO concentration value between Umraniye
and Sultanbeyli was 0.98. As indicated in Fig. 2, as

the mortality and resident numbers increased, the
mean SO, concentration did not increase.

Monthly mean SO, values for all areas were
higher in winter than in summer during 2013-2016
period (Figure 3).

There was an incident occurred in this period
which has appeared in the newspaper. After a fuel
tank explosion in Sultanbeyli on 22 April, 2014 [13],
SO, level in the environment was measured.
Accordingly, SO. concentrations were found to be
high, which were 38.9 pg/m?® in Kandilli, 6.1 pg/m?
in Sultanbeyli, and 8.7 pg/m? in Umraniye. Highest
concentration was observed in Kandilli due to
westward direction of the wind blowing from Kartal
(265°). For this reason, substances emitted after the
explosion were carried to Kandilli from Sultanbeyli
through the wind.
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Fig. 3. (a) Monthly mean of SO, concentrations; (b) monthly standard deviation

In January, SO; values were higher in Sultanbeyli
than the other areas. Rest of the months, SO, values
were higher in Kandilli compared to other regions.
In August, SO, decreased in all the locations.

March. It was determined

activities.

Table 2. Annual maximum, minimum, and mean values for SO, (ug/m?)

Highest SO, values were observed in February and

that high SO;

concentrations in Kandilli are caused by the ship

Year Kandilli Sultanbeyli Umraniye
Maximum 2013 34.50 41.12 30.73

2014 38.94 37.84 27.92

2015 60.89 31.76 26.19
Minimum 2013 0.39 0.89 1.46

2014 1.23 0.70 1.40

2015 0.99 0.77 0.96
Mean 2013 10 6 6

2014 10 6 6

2015 9 5 5

Annual maximum, minimum and mean SO,
concentrations were calculated for each district.
Maximum values were below 61ug.m> (Table 2).
Annual maximum values for Kandilli, Sultanbey i,
and Umraniye were determined 34.50, 41.12, and

values determined by Turkey, E
annual mean SO, concentratio

winter) that is specified in

Assessment and Management

U, and WHO. The
ns were observed

below the limit value (20 pg/m*® for annual and

the Air Quality
Regulation for

30.73 pg/m?, respectively, which are below the limit Turkey.
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Fig. 4. (a) Daily humidiy for Kandilli; (b) daily temperature for Kandilli.
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Table 3. Descriptive statistics of the data: SO, (ug/m?) in Umraniye, Sultanbeyli, Kandilli, January-April 2016

Variable Mean +SD  Minimum Maximum Station

73.52 1258 17.00  100.00 Kandilli
Daily humidity (%) 74.32 16.39 14.00  100.00 Umraniye
74.41 13.03 12.00 100.00 Sultanbeyli

10.14 5.15 -5.60 28.30 Kandilli

Daily temperature .
°C) 9.39 5.54 -6.00 27.80 Umraniye
9.72 5.23 -10.70 29.10 Sultanbeyli

3.21 1.47 1.30 23.20 Kandilli

Daily wind speed .
(m/sec.) 3.24 1.23 130  21.90 Umraniye
2.61 1.34 0.60 21.90 Sultanbeyli

19.31 9.75 4.42 61.25 Kandilli
Daily SO2(pg/m?) 5.50 2.75 1.40 19.58 Umraniye
9.52 5.68 2.80 31.10 Sultanbeyli

192.53 109.58 5.00 359.00 Kandilli

Daily wind .
direction 191.66  105.01 500  360.00 Umraniye
204.02 107.62 3.00 359.00 Sultanbeyli

Daily mean values for humidity, temperature,
wind speed, and wind direction in all stations were
%74; 10°C; 3m/sec.; and SSW, respectively (Table

3). Daily mean SO, concentrations in Kandilli were
higher than in other districts due to wind direction
and the ship activities (Figure 4 and 5).
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Fig. 5. (a) Daily wind speed for Kandilli; (b) daily wind direction and SO, concentration for Kandilli.

Pearson correlation coefficient (r) between
temperature and SO, in Umraniye is found to range
between 0.3 and 0.5, which represents a positive
medium  strength association between these
variables (Table 4). Pearson’s r between temperature
and SO; levels in Kandilli ranges between 0.5 and 1,
which means there is a strong positive association
between these variables. Pearson’s r between

humidity and SO; levels in Kandilli and Umraniye
ranged between -0.3 and -0.5, which indicates a
medium negative association between these
variables. Pearson’s r values between SO, and
meteorological parameters in Sultanbeyli take a
range from -0.1 to -0.3, which indicates a weak
negative association between two variables.
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Table 4. Daily values of Pearson correlation coefficient between SO2 (ug/m?) and meteorological data in Umraniye,
Sultanbeyli, and Kandilli, 2013-2016

Pearson correlation between daily SO and Kandilli Umraniye Sultanbeyli
Daily maximum humidity (%) -0.34 -0.40 -0.05
Daily Mean humidity (%) -0.47 -0.55 -0.12
Daily minimum humidity (%) -0.41 -0.42 -0.15
Daily maximum temperature (°C) 0.65 0.47 -0.06
Daily Mean temperature (°C) 0.62 0.48 -0.14
Daily minimum temperature (°C) 0.58 0.43 -0.24
Daily maximum wind speed (m/sec.) -0.32 0.01 -0.17
Daily Mean wind speed (m/sec.) -0.42 -0.09 -0.23
Wind direction (Degree) 0.05 0.25 0.17

High mean values were generally observed in winter (Table 5).

Table 5. Seasonal SO; (ug/m?) in Umraniye, Sultanbeyli, Kandilli, 2013-2016

Year Period (season) Kandilli Sultanbeyli  Umraniye
2013 Spring 13.8 5.9 7.6
Summer 5.6 3.8 4.0
Autumn 8.3 5.3 6.0
Winter 14.0 12.6 8.1
2014 Spring 144 7.4 8.1
Summer 5.3 34 4.3
Autumn 8.0 4.9 5.2
Winter 10.3 9.0 8.6
2015 Spring 12.2 4.7 6.2
Summer 4.9 2.3 2.8
Autumn 8.31 3.56 4.11
Winter 14.62 11.29 5.55
2016 Spring 21.40 7.77 5.87

In 1989, mean and maximum SO2 concentrations
were calculated as 102 and 630 pg/m?, respectively
in Beijing, China [14]. In the Esino Valley, Italy,
hourly mean(£SD) values were calculated as 20.02
ug/m*  (£17.18) in summer and 36.22 pg/m?
(£14.92) in winter [1]. In the seven cities of Korea,
mean SO2 level was calculated as 23.3 ng/m* from
1991 to 1997 [14]. Second highest daily mean value
was measured in Philadelphia as 299 pg/m® from
1973 t0 1980 [15]. In this study, SO2 concentrations
in Istanbul were lower than the previous data in the
literature.

4. CONCLUSIONS

The aim of this study was to investigate the
correlation between meteorological parameters and
SO, concentration levels, and monthly and seasonal
variations of SO, in the atmosphere. Mean seasonal
68

values for Kandilli took a range from 4.9 to 21.4
ug/m?, for Umraniye from 2.8 to 8.6 pg/m3, for
Sultanbeyli from 2.3 to 12.6 pg/m°.

The amount of air pollution in Istanbul has
considerably declined in 2015 thanks to the
advancements in heating system of the city like
widespread use of natural gas. Nowadays, air
pollutants pose a significant threat to human health
by harming respiratory system. Intense and long-
term exposure to SO, is especially dangerous for
people with asthma, chronic lung patients and
children. In addition, high concentrations of SO, can
cause asthma attacks. There are some precautions
which can be taken to reduce the adverse effects of
SO on human health such as moving the industrial
and business centers out of the settlement areas,
promotion of public transport instead of using
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personal vehicles, developing and using electric
transport vehicles, using air filters in industrial areas
and using natural gas as fuel, increasing the
forestation especially in areas where the air pollution
is intense.

Compared to China, Italy, Korea, Philadelphia,
SO- values in Istanbul were low.
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Synthesis of new Rh(l) and Ru(l11) complexes and investigation of their catalytic
activities on olefin hydrogenation in green reaction media
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Two new Ru(Il) and Rh(l) complexes of N-acyl benzotriazole derivative ligand have been synthesized and
characterized. The catalytic activities of complexes were tested on styrene and 1-octene hydrogenation in ionic liquid
([bmim][BF4]), DMSO and toluene media. For styrene hydrogenation, 100 % ethyl benzene conversion was obtained
with Rh(l) complex, while the conversion ratio was found to be 86.6 % with Ru(l11) complex. The catalytic experiments
was also conducted in DMSO and toluene to make comparison with ionic liquid under the same conditions (393 K and
6h). 1-octene conversion was found to be 94.5 % with Rh(l) complex at 373 K for 1h. The effect of Ha(g) pressure and
catalyst amount was also tested on catalytic reactions. Reusability tests of complexes was investigated over five reaction

cycle under 10 bar H; in [bmim][BF4]. No activity loss was observed during five cycle with Rh complex.

Keywords: N-acyl benzotriazole, ionic liquid, hydrogenation, rhodium, ruthenium

1. INTRODUCTION

Environmental friendly chemical processes are
being important for sustainable chemistry day by
day. One of the alternative reaction media as ionic

liquid is the promising solvent appearing at this
point. Having numerous advantages rather than
organic solvents [1,2] make ionic liquids preferable
green media for numerous reaction types [3] (Table
1).

Table 1. Several reaction types studied in ionic liquid

Reaction type lonic Liquid Catalyst Reference
Hydrogenation ?r;%ﬁgﬁ?gamde' lonic liquid-Ru cat. [4]
Friedel-Crafts [bmim][PFe] Acid catalyst [5]
Diels-Alder [emim][CI]/AICI3 Acid catalyst [6]
Dimerization [omim][CIJ/AICI; Nickel complex [7]
Alkylation NetsHCI/AICI3/CuCl No catalyst [8]
Allylation [bmim][BF4] Palladium catalyst [9]
Heck [bmim][Br], [nbu4][Br] Palladacyl catalyst [10]
Suzuki coupling [omim][BF.] Palladium catalyst [11]
Hydroformylation [omim][PFs] Rhodium catalyst [12]
Oxidation [bmim][PFs] Chiral Mn(ll) catalyst [13]

Bidentate ligands have been extensively studied
and the catalytic activities of their transition metal
complexes have been proved many times [14-17].
Benzotriazole derived ligands are much attractive
molecules with their relatively cheap, -easily
obtainable and good coordination abilities to the
metal centers. However, transition metals containing
benzotriazole ligands are rarely investigated on
catalytic reactions (Table 2). To the best of our
knowledge, catalytic reactions conducted in ionic
liquid media with N-acyl benzotriazole ligand
containing rhodium and ruthenium complexes found
to be only one which was reported before by our
research group [18].

*) To whom all correspondence should be sent:
E-mail: hakanunver@anadolu.edu.tr

In this study, two new rhodium and ruthenium
complexes having furan bridged N-acyl
benzotriazole ligand was synthesized and
characterized by Elemental analysis, FT-IR, UV-
VIS, LC-MS, H-NMR and C-NMR techniques.
The catalytic hydrogenation activities of synthesized
complexes was investigated on styrene and 1-octene
mainly in 1-butyl-3-methylimidazolium
tetrafluoroborate ([omim][BF4]) ionic liquid, besides
DMSO and toluene as organic solvents.

2. RESULTS AND DISCUSSION
2.1. Characterization of ligand and complexes

In the FT-IR spectrum of ligand, furan
dicarboxylic acid O-H stretching vibration at 3100-

70 © 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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2882 cm™ disappeared after the substitution via
benzotriazole. Also carbonyl (C=0) vibration
frequency shifted from 1689 cm™ to 1710 cm™.
Furthermore, C=N stretching vibration of
benzotriazole moiety was observed at 1379 cm™ and
1249 cm. In the 'H- NMR spectrum of ligand, furan
ring protons were observed at & = 8.34 ppm as a
singlet peak. The doublet peaks observed at 6 = 8.48
and 8.24 ppm and triplet peaks at 6 = 7.78 and 7.62

ppm were associated with benzotriazole moiety of
the ligand. Total nine carbon signals were observed
in BC-NMR because of symmetrical structure of
ligand. The carbonyl carbons were observed at 6 =
154.39 ppm and the thiophene ring carbon atoms
were observed at & = 147.66 and 6 = 145.72 ppm.
The other carbon signals were observed between & =
131.98 and 114.78 ppm.

Table 2. Several benzotriazole complexes and their catalytic activities

Complex Substrate Reaction type Reference
[(TMCIBTP),Cu] L-Lactide Polymerization [19]
[(5CBIiIBTP)Ni;[OAC),]) CO,+ CHO Copolymerization [20]
[(C8FuUIBTP),Zn] Propylene oxide + CO, Coupling [21]
BiBTP-Zr(IV) alkoxide Lactide Ring opening [22]
polymerization

[Rh(COD)L]CI, Styrene, 1-octene, .

[Ru(L)(H20)Cls3] cyclohexene Hydrogenation [18]
P-BTA-Cu Ethyl benzene Oxidation [23]
[(C8NNBTP)ZnEt] Lactide Ring opening [24]

polymerization

In the FT-IR spectra of [RhL(COD)]CI complex,
carbonyl (C=0) group stretching vibration of ligand
shifted to higher wavelength (1718 cm™) and C-N
vibration of benzotriazole moiety appeared at 1285
cmt. Peak observed at 424 cm is dedicated to Rh-
N coordination [25]. In the *H-NMR of complex,
singlet peak of furan ring shifted from 8.34 ppm to
8.27 ppmand doublet peak of free benzotriazole ring
shifted to upfield and observed at 8.39 ppm as
doublet of doublets after bonding with metal center.
The H-NMR signals of cyclooctadiene (COD)
emerged at 4.27 and 2.15 ppm as multiple peaks
[26]. From the C-NMR spectrum of
[RhL(COD)]CI complex, carbonyl carbon (C=0)
signal was observed at 170.34 ppm, aromatic ring
carbons appeared between 132.12-114.88 ppm
values. Additionally, peaks of carbon atoms of COD
group were observed at 127.57 and 28.15 ppm. The
signals which was observed at 67.03 and 23.89 ppm
are related to carbons of solvent (THF) molecule. In
the UV-VIS spectrum of the ligand, n—n* and
n—n* intraligand charge transfer transitions were
observed at 279 nm and 333 nm. There is no d—d
transitions after ligand-metal interaction in
[RLh(COD)]CI complex spectra. The molecular ion
peaks of rhodium complex was observed at m/z
606.2, which supports the formulation of
[RhL(COD)]CI, as shown by the optimized
molecular structure in Figure 1. The magnetic
susceptibility measurements of Rh complex
indicated that this complex is diamagnetic (us= 0)
and the structure of complex is a square planar
geometry.

In the FT-IR spectrum of [RuL(H20)Cls]
complex, broad aqua peak observed at 3445 cm™.
Aromatic C-H, carbonyl, aromatic C=C and C-N
vibration peaks observed at 3077-2797, 1705, 1531-
1455 and 1368-1251 cm™ respectively. Ru-O and
Ru-N bond stretching appeared as two new peaks at
450 and 434 cm respectively [27]. These peaks
indicated that two different ligand coordinated to
metal centre. The water is coordinated through the
oxygene atom and benzotriazole ligand is
coordinated via nitrogen atom. Since [RuL(H20)Cl3]
complex was found to be paramagnetic, nuclear
magnetic resonance measurement can not be clear as
Rh complex but observed signals are suitable for
suggested complex structure. The protons of furan
ring were observed at 8.12 ppm as singlet peak after
metal-ligand interaction. Doublet proton peaks of
benzotriazole ring of free ligand, which were
observed at 8.48 ppm and 8.24 ppm shown as quartet
peak at 7.89 ppm and the other proton peaks also
observed as quartet at 7.42 ppm after metal-ligand
interaction. The observed peak at 3.77 ppm is related
to aqua ligand [28]. In the UV-VIS spectrum of
ruthenium complex in DMSO, three absorption
bands were observed at 272, 362 and 532 nm. The
n—7* transition of ligand observed at 272 nm in the
complex spectrum. M-L charge transfer transition
and d—d (d®) transitions of metal were observed 362
and 532 nm respectively. The molecular ion peak of
[RuL(H-0)Cls] complex including solvent (THF)
observed m/z 663.3. The magnetic susceptibility
measurement of the [RuL(H:O)Cls] complex is
found to be 1.24 BM and this means that d orbitals
have one unpaired electron and the electronic
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configuration is tx°e,’. According to the results,
geometry of paramagnetic [RuL(H20)Cls] complex
suggested as octahedral. Based on all spectroscopic
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results, ligand and complex structures were given in
Figure 1.
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Figure 1. Synthesis and suggested structures of ligand (L) and complexes.

2.2. Hydrogenation activity of complexes

To test the solubility of complexes, catalyst (10
mg) and solvent (IL, DMSO or Toluene) were mixed
together in a high pressure reactor via sapphire
windows. Sapphire windows provide for monitoring
solubility of complexes. It was found that both of
complexes are soluble in all solvent media under 10-
60 bar Hx(g) between 323-393 K temperatures.
During catalytic reactions, catalyst, substrate and
solvent were added to the reaction vessel, then
reactor was heated to the reaction temperature.
Reactor was purged three times with argon gas and
then filled with H; gas. After the reaction finished,
products were extracted with hexane and analyzed
by gas chromatography.

2.2.1. Catalytic activity of rhodium catalyst

Styrene and 1-octene were selected as olefin in
all catalytic hydrogenation reactions. The results
obtained with [RhL(COD)]CI are given in Table 3.
Experiments were conducted with different H.
pressures, catalyst amount and temperature (Entries
1-12). With a view to testing the temperature effect
on hydrogenation of styrene, experiments were
conducted between 363-393K in 1 hour reaction
time (Entries 1-4). Results indicated that increasing
reaction temperature lead to increasing product
conversion as expected. The highest product
conversion was 50.1 % at 393 K, under 10 bar H»
pressure (Entry 4). When the reaction time extended
to 6 hours, ethyl benzene formation reached to 100
% (Entry 5).

To determine the solvent effect, experiments
were conducted in DMSO and toluene besides ionic
liquid media (Entries 6-7). It was found that ethyl
benzene conversion was high in [bomim][BF4] than in
other organic solvents. Also, activity of catalyst in
toluene is better than DMSO.
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The effect of H, pressure on styrene
hydrogenation was tested under 10, 30 and 60 bar
pressures at 373 K (Entries 2, 8, 9) in 1h. It was
observed that the product formation increased with
the pressure and substrate completely converted to
ethyl benzene both at 30 and 60 bar Hz(g).

To investigate the effect of s/c ratio, catalytic
experiments were performed tree different values as
103, 173 and 518 at 10 bar H; at 393 K in 6h (Entries
5, 10, 11). The ethyl benzene conversion was higher
at 518 s/c ratio and TON value was reached to 457
at this conditions (Entry 10).

Reusability of catalyst was tested under the best
conversion conditions (393 K, 10 bar H,, 6 h).
Results are given in Figure 2. After each cycle,
remaining product(s) and substrate were extracted
with hexane at least three times, not to observe any
residue. It was found that there was no activity loss
after five cycles.

To determine the catalytic effect of
[RhL(COD)]CI complex on hydrogenation of 1-
octene, experiments were conducted between 333-
373 K temperatures in 1h reaction time (Entries 1-
5). Results are given in Table 4. The best conversion
(94.5 %) and n-octane selectivity were obtained at
373 K, under 10 bar H, (Entry 5). The solvent effect
in 1l-octene hydrogenation reactions also
investigated and total conversion did not go over
48.7% in DMSO and it remained only 32% in
toluene media (Entries 6, 7).

Reusability test of [RhL(COD)]CI catalyst in 1-
octene hydrogenation was conducted at 373 K, under
10 bar H in 1h reaction time (Figure 3). It is detected
that catalyst can be reused at least five times with
only 5% activity loss and more importantly n-octane
selectivity was found to be higher in the first three
cycles than the others (Entries 2, 3).



H. Unver&F. Yilmaz: Synthesis of new Rh(l) and Ru(l11) complexes and investigation of their catalytic activities...

Table 3. Styrene hydrogenation with [RhL(COD)]CI catalyst

\CH2 H, CHg
S
Cat.

Styrene Ethyl benzene

Entry T(K) P2 (Bar) t(h) Ns/Ne Total conv. (%) TON TOF
1 363 10 1 103 18.3 19 19
2 373 10 1 103 28.5 30 30
3 383 10 1 103 45.2 47 47
4 393 10 1 103 50.1 52 52
5 393 10 6 103 100 105 18
62 393 10 6 103 36.1 38 6
7° 393 10 6 103 65.1 68 11
8 373 30 1 103 100 105 105
9 373 60 1 103 100 105 105
10 393 10 6 518 87.3 457 76
11 393 10 6 173 98.2 171 29
12¢ 393 10 6 103 55.2 55 9

[Reaction cond.: Ncar = 8.30 X10® mol, Ngyr.= 8.69 x 10" mol, Vo= 0,5 mL, Pr,=10 Bar], ®DMSO, Toluene, *Cat.=
[Rh2CIx(COD),]
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Figure 2. Reusability of [RhL(COD)]CI catalyst in styrene hydrogenation
[Reaction cond.: T= 393 K, Pup= 10 Bar, nsy.= 8,69 X 10, ncar= 8,30 x10°8 mol, s/c= 103, t= 6 h]
Table 4. 1-Octene hydrogenation with [RhL(COD)]CI catalyst

NN
A VAVAVINAVAVE VI AVAY AV

n-octane 2-octene 3-octene

Entry CYClENO iy Tm?!%‘:)o”"' Products (%) TON TOF
(n-octane) (2-octene) (3-octene)
1 333 35.8 32.6 1.8 13 27 27
2 343 67.2 63.7 2.0 15 52 52
3 353 71.1 62.3 5.5 3.2 55 55
4 363 86.4 78.3 4.9 3.1 66 66
5 373 94,5 82.8 8.8 1.9 73 73
62 373 48.7 21.6 19.7 7.4 37 37
7° 373 32.0 17.4 8.8 5.8 25 25
8 2 373 93.9 93.9 0 0 73 73
9 3 373 92.8 92.8 0 0 71 71
10 4 373 91.7 84.5 4.1 31 70 70
11 5 373 90.8 83.2 4.2 3.4 70 70

[Reaction cond.: nes.= 8.30 x10® mole, N1-oct= 6.37 X 10 mole, nd/nc= 77, Vsov.= 0,5 mL, Pr2=10 Bar, t=1 h], 2DMSO,
®Toluene, °cat = [Rh,Cl,(COD);]
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Figure 3. Reusability of [RhL(COD)]CI catalyst in 1-octene hydrogenation
[Reaction cond.: T= 373 K, Py,= 10 Bar, Ngp.= 8,37 X 10, N = 8,30 x10°° mol, s/c= 77, t=1 h]

2.2.2. Catalytic activity of ruthenium catalyst

[RuL(H.0)Cls] catalyst activity was tested on
styrene hydrogenation between 353-393 K
temperatures in 1h reaction times (Entries 1-6). All
other conditions being the same, reaction
temperature has positive effect on catalytic reaction
Reaction time increased to 6 h for the determine time
effect and it was observed that there is no significant
change in the total conversion value. At this
conditions, catalytic tests were also performed at
organic solvent media and To investigate the solvent
effect on catalytic reaction, experiments were
conducted in toluene and DMSO under 10 bar H; at
393 K and these solvents have negative effect on

%91.7 %90.8

hydrogenation reactions. Ethly benzene conversion
reached to 23.4% in toluene while only 12 % in
DMSO (Entries 7,8). [bmim][BF4] was detected the
best reaction media for [RuL(H2O)Cls] catalyst at
styrene hydrogenation.

To test the H: pressure effect on catalytic
reactions, experiments were conducted under 10, 30
and 60 bar H, pressures at 353 K (Entries 1, 9-10)
and H pressure had negative effect over catalytic
reaction. This may be due to the decreased the
solubility of [RuL(H20)Cls] complex. All of these
experiments were performed with s/c ratio 100.
When the s/c ratio increased TON was reached the
best value (185) in 6h at 393K (Entry 11).

Table 5. Styrene hydrogenation with [RuL(H,O)Cls] catalyst

Entry T(K) P2 (Bar) t(h) slc Total conv. (%) TON TOF
1 353 10 1 100 29.1 29 29
2 363 10 1 100 38.6 39 39
3 373 10 1 100 39.9 40 40
4 383 10 1 100 44.5 45 45
5 393 10 1 100 81.1 82 82
6 393 10 6 100 86.6 88 15
7a 393 10 6 100 12 12 2

8b 393 10 6 100 23.4 24 4
9 353 30 1 100 21.4 22 22
10 353 60 1 100 13.7 14 14
11 393 10 6 500 36.6 185 31
12 393 10 6 167 43.1 73 12
13c 393 10 6 100 42.1 43 7

[Reaction cond.: Nea= 8.58 x10° mol, ngy:= 8.69 x 10 mol, Vo= 0,5 mL, Pr,=10 Bar] 2DMSO, "Toluene, °cat=

RUC|3.X HQO

Reusability of [RuL(H20)Cls] catalyst on styrene
hydrogenation were tested during five cycles under
10 bar Hz at 393 K for 6h (Figure 4). Conversion of
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ethyl benzene was found to be 86.6 % at first cycle
and after decreased gradually to 78.1 % at the last
cycle.
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Figure 4. Reusability of [RuL(H20)Cls] catalyst in styrene hydrogenation
[Reaction cond.: T= 393 K, Pu= 10 Bar, nsu.= 8.69 x 10", nca.= 8.58 x10% mol, s/c= 100, t= 6 h]

To investigate the catalytic activity of [RuL(H20)Cls]
complex on 1-octene hydrogenation, experiments were
conducted between 353-393 K under 10 bar H, in 1h. The
results are given in Table 6. Catalyst activity gradually
increased from 353 K to 373 K. Conversion decreased at
higher temperatures. There may be the catalyst is
decomposed at high temperatures. The most effective

reaction temperature was found to be as 373 K and the
total conversion reached to 44.1 % (Entry 3). The
selectivity of catalyst to n-octan was higher at all
temperature degrees. Catalyst had almost no activity in
organic solvents as compared with ionic liquid media and
the activitiy was found to be only 10.6 % in toluene
(Entries 6, 7).

Table 6. 1-Octene hydrogenation with [RuL(H,O)ClIs] catalyst

Entry Cycle T(K) Total conv. (%) Products(%) TON TOF
No (n-octane) (2-octene) (3-octene)
1 353 27.4 19.9 5.2 2.2 20 20
2 363 35.1 24.2 75 3.4 26 26
3 373 441 26.0 12.7 5.3 33 33
4 383 18.1 16.4 1.7 0 13 13
5 393 12.3 12.3 0 0 9 9
62 373 0 0 0 0 0 0
7° 373 10.6 1.9 5.4 3.3 8 8
8 2 373 45.7 25.4 13.8 6.4 34 34
9 3 373 54.0 39.9 9.4 4.6 40 40
10 4 373 59.1 49.4 6.6 3.1 44 44
11 5 373 45.9 36.0 6.9 2.9 34 34

[Reaction cond.: neat= 8.58 x10® mol, Ny-oet= 6.37 X 10 mol, ns/nc= 74, Vo= 0,5 mL, Pr,=10 Bar, t=1 h] ®DMSO,

bToluene, Scat= RuCls.x H.0O

[RuL(H20)Cls] activity in 1-octene
hydrogenation was monitored during five cycle
under 10 bar H at 373 K for 1h reaction time (Figure
5) and it was shown that product conversion
gradually increased from 44.1% to 59.1% at fourth

step (59.1 %). The reason of increase is that the
catalyst gains activity with temperature. It was found
that the catalyst was deactivated after this cycle and
conversion decreased to 45.9 %.

100
80
P %540 PPl
S 60 %441 %457 %45.9
8
E’ 40
=]
2 20
0 1 2 3 4 5
Cycle no

Figure 5. Reusability of [RuL(H20)Cls] catalyst in 1-octene hydrogenation
[Reaction cond.: T= 373 K, Py,= 10 Bar, Ngp.= 6,37 X 104, N = 8,58 x10° mol, s/c= 74, t= 1 h]
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To test the activity of metal precursors, All
catalytic experiments were conducted with
[Rh2Cl2(COD);] and RuCls.x H2O in [bmim][BF].
The main aim of this study is whether or not ligand
has positive effect on catalytic experiments. The
results showed that metal precursors are less
effective than complexes under the same conditions.

3. MATERIALS AND METHODS
3.1. General

All the reagents were commercially obtained
(Sigma-Aldrich and Merck) and used without further
purification. Ligand and complexes synthesis was
carried out under inert (nitrogen) atmosphere using
standard schlenk techniques. The catalytic reactions
were performed in a 100 mL stainless steel high
pressure reactor (Parr inst.) containing a magnetic
bar, temperature controller and sapphire window.
FT-IR spectra were recorded with Perkin Elmer
Spectrum 100 Spectrometer using KBr. 'H-NMR
and 3C-NMR spectra were recorded on Bruker (500
MHz) DPX FT spectrometer. Mass spectra were
recorded on Agilent LC-MSD Trap SL
spectrophotometer.  Elemental  analysis  was
conducted using Elementar Vario EL Il micro
analyzer device. Melting points were measured with
a Stuart SMP-30 melting point apparatus. Magnetic
susceptibility measurements were performed with
the Sherwood Scientific MK-1 device. The product
conversions in catalytic reactions were determined
with Thermo Finnigan Trace GC using a Permabond
SE-54-DF-0.25 25 m x 0.32 mm ID column and
using helium as carrier gas.

3.2. Synthesis of ligand and complexes

Synthesis procedure of ligand and its rhodium
and ruthenium complexes are summarized in Figure
1. Benzotriazole ligand and complexes were
successfully prepared with good yields. Synthesized
compounds are solid and stable during laboratory
storage and the complexes are found to be soluble in
mentioned solvents under studied conditions.

3.2.1. Ligand synthesis. Ligand synthesis
procedure was following as described before using
furan-2,5-dicarboxylic acid instead of thiophene-
2,5-dicarboxylic acid [18]. White solid (Figure 1).
Yield: %70 (1.8 g), m.p.: 536 Anal. Calc. (%) for
CisH10N6O3: C=60.3; H=2.8; N=23.4. Found:
C=59.4; H=2.5; N=23.2. FT-IR (cm™): 1710, 1379,
1249. 'H-NMR: (500 MHz, CDCls, & ppm): 8,48
(2H, d, %J=8,27), 8,34 (2H, s), 8,24(2H, d, 3]=8,28),
7,78 (2H, t, 3=7,33), 7,62 (2H, t, %=7,34). B°C-
NMR:(500 MHz, CDCls, § ppm): 154,39, 147,66,
145,72, 131,98, 131,06, 126,90, 124,41, 120,52,
114,78.
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3.2.2. Synthesis of [RhL(COD)]CI -catalyst.
Ligand (L) (220 mg, 0.6 mmole) was dissolved in
THF (20 mL), and Rhz(COD).Cl, (150 mg, 0.3
mmole) solution in 5 mL THF was added slowly to
the first solution. The solution was stirred during 72
h at 323 K. When the reaction completed, the
mixture was filtered, and the yellow product was
washed with cold THF and dried under vacuum
(Figure 2). Yield: 53% (200 mg, 0.33 mmole) m.p.:
458-461 K. Anal. Calc. (%) for Cz6H22CINsO2SRh:
C=51.6; H=3.6; N=13.9. Found: C=50.4; H=3.1;
N=14.1. LC-MS, m/z (calc./found): 602.3/606.2 FT-
IR (cm™): 1718, 1379, 1285, 424. 'H-NMR: (500
MHz, d®-DMSO, & ppm): (500 MHz, d®-DMSO, &
ppm): 8,39 (3H, dd, 3J=8,27), 8,27 (2H, s), 7,89 (2H,
t, 3J=7,67), 7,71 (2H, t, 3=7,67), 4,27 (2H, t), 2,15
(4H, m). ®C-NMR: (500 MHz, d°-DMSO, &
ppm):170,34, 131,73, 125,25, 125,04, 120,82,
119,19, 118,87, 114,88, 68,71, 67,03, 28,15, 23,89.

3.2.3. Synthesis of [RuL(H2O)Cls]. The ligand
(175 mg, 0.49 mmol) was dissolved in etanol/THF
(1:1, 40 mL) mixture and heated for complete
solubility, then RuCls;.xH.0O (100 mg, 0.48 mole)
solution in THF (5 mL) was added dropwise to the
solution. The mixture was stirred at 353 K for 36 h.
After completion of reaction, precipitated black solid
was filtered, washed with cold ethanol and dried
under vacuum (Figure 2). Yield: 83% (230 mg, 0.39
mmole), m.p.:>593 K (decomp.). Anal. Calc. (%) for
CisH12CIsNgOsSRu:  C=37.0; H=2.0; N=18.3.
Found: C=36.3; H=2.2; N=18.5. LC-MS, m/z
(calc./found): 654.9/663.3 FT-IR (cm™): 3445, 1706,
451, 434. 'H-NMR: (500 MHz, d®-DMSO, § ppm):
8,12 (s, 2H), 7,89 (5H, q, 3J=4,0), 7,42 (5H, q,
3)=4,0) *C-NMR: (500 MHz, d®-DMSO, & ppm):
177,26, 141,81, 139,96, 130,18, 125,92, 117,31,
115,47, 56,13, 14,82.

CONCLUSIONS

In this study, two new benzotriazole derived Rh
and Ru complexes were synthesized and
characterized  successfully.  The  catalytic
hydrogenation activities of synthesized complexes
were tested in styrene and 1-octene substrates in
[bmim][BF4] as green solvent and also conventional
organic solvents. The results indicated that ionic
liquid media more effective in hydrogenation
catalytic reactions for [RhL(COD)]CI and
[RUL(H20)Cl3] catalysts rather than conventional
organic solvents. The activity and n-octane
selectivity of rhodium complex was found higher
than ruthenium complex for both of substrate (
styrene and 1-octene). Besides. [RhL(COD)]CI
complex can be used several times without any loss
of activity.
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Gaussian calculations of novel 3-(methyl/ethyl/n-propyl)-4-[ 3-ethoxy-4-(4-
methoxybenzoxy)-benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-ones
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In this study, three new 3-alkyl-4-[3-ethoxy-4-(4-methoxybenzoxy)-benzylidenamino)-4,5-dihydro-1H-1,2,4-
triazol-5-ones (3a-c) were synthesized by the reaction of 3-alkyl-4-amino-4,5-dihydro-1H-1,2,4-triazol-5-ones (1a-c)
with 3-ethoxy-4-(4-methoxybenzoxy)-benzaldehyde (2), which was synthesized by the reaction of 3-ethoxy-4-
hydroxybenzaldehyde with 4-methoxybenzoyl chloride by using triethylamine.  The compounds synthesized were
characterized by IR, *H-NMR,**C-NMR and UV spectral data. These compounds were optimized by using the B3LYP/6-
31G(d,p) and HF/6-31G(d,p) basis sets. *H and 3C-NMR isotropic shift values were calculated by the method of GIAO
using the program package Gaussian GO9W. Experimental and theoretical values were inserted into the grafic according
to equation of & exp-at+b. 6 calc. IR absorption frequencies of analysed molecules were calculated by two methods. The
experimental and theoretical values were compared and found by regression analysis that are accurate. Furthermore,
geometric properties (bond angles, bond lengths and dihedral angles), thermodynamic parameters, electronic properties
(total energy, dipole moment), the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular
orbital (LUMO), Mulliken atomic charges of compounds 3a-c have been investigated by using Gaussian GO9W program.
The structural data of these compounds have been calculated by using 6-31G(d,p) basis set with density functional method

(DFT/B3LYP) and Hartree-Fock method (HF).

Key words: 1,2,4-Triazol-5-one, 6-31G(d,p) basis set, DFT(B3LYP), HF

INTRODUCTION

Triazole is an unsymmetrical heterocyclic organic
compound having three nitrogen atoms in the five-
membered ring. 4,5-Dihydro-1H-1,2,4-triazol-5-one
and 1,2,4-triazole derivatives are published to
possess a broad spectrum of extensively biological
activities such as antimicrobial, antitumor,
anticancer, antifungal, anti-HIV, antiviral, anti-
inflammatory, analgesic and antioxidant properties
[1-10]. As well as, articles on the synthesis of some
N-arylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-
one derivatives have been published [11-22].

Indeed, the thermodynamic properties, theoretical
and experimental spectroscopic properties of some
4,5-dihydro-1H-1,2,4-triazol-5-one derivatives have
been reported [20, 23-25].

In  this paper, 3-alkyl-4-[3-ethoxy-4-(4-
methoxybenzoxy)-benzylidenamino]-4,5-dihydro-
1H-1,2,4-triazol-5-ones (3a-c) were obtained from

*) To whom all correspondence should be sent:
E-mail: hilalmedet@gmail.com
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the reaction of compound (2) with 3-ethoxy-4-(4-
methoxybenzoxy)-benzaldehyde (1), which was
synthesized by the reaction of 3-ethoxy-4-
hydroxybenzaldehyde  with  4-methoxybenzoyl
chloride by using triethylamine (Scheme 1). The
starting compounds 2a-i were prepared as described
in the literature [26, 27]. The purpose of this study is
to synthesize new compounds 3a-c and to identify the
structures of these compounds with spectroscopic
methods (*H-NMR, BC-NMR and FT- IR). Also,
these compounds were optimized by using the
B3LYP/6-31G(d,p) and HF/6-31G(d,p) basis sets. *H
and *C-NMR isotropic shift values were calculated
by the method of GIAO using the program package
Gaussian GO9W. Experimental and theoretical values
were inserted into the grafic according to equation of
O exp=atb. & calc. IR absorption frequencies of
analysed molecules were calculated by two methods.
The experimental and theoretical values were
compared and found by regression analysis that are
accurate.

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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Scheme 1. Synthetic pathway of compounds 3a-c.

EXPERIMENTAL

General method for the preparation of 3-alkyl-4-/3-
ethoxy-4-(4-methoxybenzoxy)-benzylidenamino]-4,5-

dihydro-1H-1,2,4-triazol-5-ones (3)
The corresponding compound 2 (0.01 mol) was
dissolved in acetic acid (15 mL) and treated with 3-
ethoxy-4-(4-methoxybenzoxy)-benzaldehyde 1)
(0.01 mol). The mixture was refluxed for 1.5 h and
then evaporated at 50-55 °C in vacuo. Several
recrystallizations of the residue from appropriate
solvent gave pure compounds 3a-c as colorless
crystals.
3-Methyl-4-[3-ethoxy-4-(4-methoxybenzoxy)-
benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-
one (3a). Yield 3.73 g (94.23%). mp. 94 °C. IR (KBr)
v 3173 (NH), 1730, 1697 (C=0), 1602 (C=N), 1256
(COO0), 844 cm (1,4 disubstituted benzenoid ring);
'H NMR (200MHz, DMSO-ds) & 1.21 (t, 3H,
OCH,CHs, J=7.52 Hz ), 2.30 (s, 3H, CHs3), 3.88 (s,
3H, OCHa), 4.11 (g, 2H, OCH,CHs, J=7.20 Hz), 7.13
(d, 2H, Ar-H, J=8.80 Hz), 7.35 (d, 1H, Ar-H, J=8.00
Hz), 7.49 (d, 1H, Ar-H, J=8.40 Hz), 7.61 (s, 1H, Ar-
H), 8.09 (d, 2H, Ar-H, J=8.80 Hz), 9.73 (s, 1H,
N=CH), 11.85 (s, 1H, NH); *C NMR (50MHz,
DMSO-ds) & 11.60 (CHz3), 14.93 (OCH2CHa), 56.13
(OCHs), 64.68 (OCH.CHs), 112.96, 114.82 (2C),
121.00, 121.06, 124.16, 132.51 (2C), 132.87, 142.76,
151.68, 163.97 (arom-C), 144.80 (triazole C3), 151.16
(triazole Cs), 153.48 (N=CH), 164.24 (COO).
3-Ethyl-4-[3-ethoxy-4-(4-methoxybenzoxy)-
benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-
one (3b). Yield 3.99 g (97.50%). mp. 205 °C. IR
(KBr) v 3174 (NH), 1733, 1696 (C=0), 1605 (C=N),
1256 (COO0), 847 cm* (1,4 disubstituted benzenoid
ring); *H NMR (200MHz, DMSO-ds) & 1.22 (t, 3H,
OCH,CHs, J=6.80 Hz), 1.22 (t, 3H, CH.CH3 J=7.20
Hz), 2.71 (9, 2H, CH,CHs J=7.42 Hz), 3.89 (s, 3H,
OCHa), 4.11 (s, 2H, OCH,CHjs, J=6.80 Hz), 7.13 (d,
2H, Ar-H, J=8.80 Hz), 7.35 (d, 1H, Ar-H, J=8.80 Hz),

7.48 (d, 1H, Ar-H, J=8.40 Hz), 7.60 (s, 1H, Ar-H),
8.10 (d, 2H, Ar-H, J=8.80 Hz), 9.75 (s, 1H, N=CH),
11.90 (s, 1H, NH); C NMR (50MHz, DMSO-ds) &
9.91 (CH2CH3), 14.39 (OCH.CHzs), 18.49 (CH.CH3),
5557 (OCHs), 64.16 (OCH.CHs), 112.91,
114.25(2C), 120.33, 120.63, 123.62, 131.98 (2C),
132.43, 142.28, 151.17, 163.49 (arom-C), 148.02
(triazole Cs), 150.68 (triazole Cs), 152.78 (N=CH),
163.74 (COO).
3-n-Propyl-4-[3-ethoxy-4-(4-methoxybenzoxy)-
benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-
one (3c). Yield 4.07 g (96.00%). mp. 172 °C. IR
(KBr) v 3165 (NH); 1724, 1697 (C=0), 1601 (C=N),
1254 (COO0), 847 cm™ (1,4 disubstituted benzenoid
ring); *H NMR (200MHz, DMSO-ds) & 0.97 (t, 3H,
CH.CH.CHs J=7.20 Hz), 1.22 (t, 3H, OCH.CHjs
J=7.20 Hz), 1.71 (sext, 2H, CH,CH,CHs J=7.20 Hz),
2.67 (t, 2H, CH,CH>CHs;, J=7.20 Hz), 3.89 (s, 3H,
OCHa), 4.12 (s, 2H, OCH,CHj3, J=7.20 Hz), 7.13 (d,
2H, Ar-H, J=8.40 Hz), 7.36 (d, 1H, Ar-H, J=8.00 Hz),
7.49 (d, 1H, Ar-H, J=8.40 Hz), 7.60 (s, 1H, Ar-H),
8.09 (d, 2H, Ar-H, J=8.80 Hz), 9.74 (s, 1H, N=CH),
11.89 (s, 1H, NH); *C NMR (50MHz, DMSO-ds) &
13.45 (CH.CH,CH3), 14.36 (OCH.CHs), 18.91
(CH2CH2CHs), 26.67 (CH2CH2CHs), 55.56 (OCHs),
64.11 (OCH,CHs), 112.91, 114.36 (2C), 120.25,
120.57, 123.64, 131.96 (2C), 132.40, 142.24, 151.56,
163.45 (arom-C), 146.88 (triazole Cs), 150.62
(triazole Cs), 152.82 (N=CH), 163.71 (COO).

THEORETICAL

The optimized molecular structures, Mulliken
atomic charges, UV-Vis spectroscopic parameters,
molecular electrostatic potential (MEP), vibrational
frequencies, thermodynamic parameters and HOMO,
LUMO energies of the compounds 3a-c have been
calculated by using DFT(B3LYP)/HF methods with
6-31G(d,p) basis set. All theoretical calculations were
performed by using Gaussian 09W program and
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GaussView program [28, 29]. IR absorption
frequencies of analysed molecules were calculated by
two methods. The veda4f program was used in
defining IR data which were calculated theoretically
[30].

RESULTS AND DISCUSSION

In this study, the structures of three new 3-alkyl-
4-[3-ethoxy-4-(4-methoxybenzoxy)-
benzylidenamino]-4,5-dihydro-1H-1,2,4-triazol-5-
ones (3a-c) were carried out by using *H NMR, BC
NMR and IR spectral data.

Molecular geometry

The optimized chemical structures and molecular
of these compounds 3a-c are shown in (Fig. 1). The
calculated double N21=C1, N23=C3 bond lengths
according to DFT/HF methods with 6-31G(d,p)

basis sets of compounds 3a-c were found as
1.30/1.27, 1.29/1.26 A° while the single N22-C1,
N22-C2 and N20-C2 bond lengths in 1,2,4-triazol
ring are calculated as 1.39/1.38, 1.42/1.38 and
1.37/1.35 A° respectively. The calculated double
C2=024 and C10=027 bond lenghts were found as
1.22/1.20 and 1.21/1.18 A, respectively. Also the
single bond lenghts of C6-025, C10-027, C14-028,
C7-026, 025-018 and 028-C17, were found as
1.37/1.35, 1.21/1.18, 1.36/1.36, 1.39/1.37, 1.44/1.42
and 1.42/1.41 A°, respectively (Table 1). The largest
C2-N22-N23 bond angles were found as
130.53/130.79, 130.44/130.73 and 130.42/130.70 °
while the smallest N20-C2-N22 bond angles in 1,2,4-
triazol ring were found as 101.17/102.00,

101.18/101.95 and 101.18/101.95 ° for compounds
3a, 3b and 3c, respectively (Table 2).

Fig. 1. Optimized molecular structure of compounds 3a-c with DFT(B3LYP)/HF 6-31G(d,p) level

80



H. Medetalibeyoglu& H. Yiiksek: Gaussian calculations of novel ...
Table 1. The calculated bond lenghts of compounds 3a-c

Bond Lenghts (A°) B3LYP/HF (3a) B3LYP/HF (3b) B3LYP/HF (3¢)
C(1)-N(21) 1.30/1.27 1.30/1.27 1.30/1.27
C(1)-N(22) 1.39/1.38 1.39/1.38 1.39/1.38
C(1)-C(46) 1.49/1.49 1.49/1.49 1.49/1.49
N(20)-C(2) 1.37/1.35 1.37/1.35 1.37/1.35
C(2)-0(24) 1.22/1.20 1.22/1.20 1.22/1.20
C(2)-N(22) 1.42/1.38 1.42/1.38 1.42/1.38
N(20)-H(29) 1.00/0.99 1.00/0.99 1.00/0.99
N(20)-N(21) 1.38/1.37 1.38/1.37 1.38/1.37
N(22)-N(23) 1.37/1.37 1.37/1.37 1.37/1.37
N(23)-C(3) 1.29/1.26 1.29/1.26 1.29/1.26
C(3)-H(30) 1.09/1.08 1.09/1.08 1.09/1.08

C(3)-C(4) 1.47/1.48 1.47/1.48 1.47/1.48
C(4)-C(5) 1.40/1.39 1.40/1.39 1.40/1.39
C(4)-C(9) 1.41/1.39 1.41/1.39 1.41/1.39
C(5)-H(31) 1.09/1.08 1.09/1.08 1.09/1.08
C(5)-C(6) 1.39/1.38 1.39/1.38 1.39/1.38
C(6)-0(25) 1.37/1.35 1.37/1.35 1.37/1.35
0(25)-C(18) 1.44/1.42 1.44/1.42 1.44/1.42
C(18)-H(41) 1.09/1.08 1.09/1.08 1.09/1.08
C(18)-H(42) 1.09/1.08 1.09/1.08 1.09/1.08
C(18)-C(19) 1.52/1.51 1.52/1.51 1.52/1.51
C(19)-H(42) 1.09/1.08 1.09/1.08 1.09/1.08
C(19)-H(43) 1.09/1.08 1.09/1.08 1.09/1.08
C(19)-H(44) 1.09/1.08 1.09/1.08 1.09/1.08
C(6)-C(7) 1.40/1.38 1.40/1.38 1.40/1.38
C(7)-0(26) 1.39/1.37 1.39/1.37 1.39/1.37
C(7)-C(8) 1.39/1.38 1.39/1.38 1.39/1.38
C(8)-H(32) 1.08/1.07 1.08/1.07 1.08/1.07
C(8)-C(9) 1.39/1.38 1.39/1.38 1.39/1.38
C(9)-H(33) 1.08/1.07 1.08/1.07 1.08/1.07
0(26)-C(10) 1.39/1.34 1.39/1.34 1.39/1.34
C(10)-0(27) 1.21/1.18 1.21/1.18 1.21/1.18
C(10)-C(11) 1.48/1.48 1.48/1.48 1.48/1.48
C(11)-C(12) 1.40/1.39 1.40/1.39 1.40/1.39
C(11)-C(16) 1.40/1.39 1.40/1.39 1.40/1.39
C(12)-H(34) 1.08/1.07 1.08/1.07 1.08/1.07
C(12)-C(13) 1.39/1.38 1.39/1.38 1.39/1.38
C(13)-C(14) 1.41/1.38 1.41/1.38 1.41/1.38
C(13)-H(35) 1.09/1.07 1.09/1.07 1.09/1.07
C(14)-0(28) 1.36/1.36 1.36/1.36 1.36/1.36
C(14)-C(15) 1.40/1.39 1.40/1.39 1.40/1.39
0(28)-C(17) 1.42/1.41 1.42/1.41 1.42/1.41
C(17)-H(38) 1.09/1.09 1.09/1.08 1.09/1.08
C(17)-H(39) 1.09/1.09 1.09/1.08 1.09/1.08
C(17)-H(40) 1.09/1.09 1.09/1.08 1.09/1.08
C(15)-H(36) 1.08/1.07 1.08/1.07 1.08/1.07
C(15)-C(16) 1.39/1.38 1.39/1.38 1.39/1.38
C(16)-H(37) 1.08/1.07 1.08/1.07 1.08/1.07
C(46)-H(47) 1.09/1.08 1.09/1.08 1.09/1.08
C(46)-H(48) 1.09/1.08 1.09/1.08 1.09/1.08
C(46)-H(49) 1.09/1.08 - -
C(46)-C(49) 1.53/1.53 1.53/1.53
C(49)-H(50) 1.09/1.08 1.09/1.08
C(49)-H(51) 1.09/1.08 1.09/1.08
C(49)-H(52) 1.09/1.08 -
C(49)-C(52) 1.53/1.53
C(52)-H(53) 1.09/1.09
C(52)-H(54) 1.09/1.09

C(52)-H(55) 1.09/1.09
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Table 2. The calculated bond angles of compounds 3a-c
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Bond Angles (°) B3LYP/HF B3LYP/HF B3LYP/HF
(39) (3b) (3c)
C(1)-N(21)-N(20) 104.48/104.96 104.59/105.12 104.60/105.03

C(1)-N(22)-N(23)
C(1)-N(22)-C(2)
N(21)-C(1)-N(22)
N(21)-N(20)-H(29)
N(21)-N(20)-C(2)
N(21)-C(1)-C(46)
H(29)-N(20)-C(2)
N(20)-C(2)-N(22)
N(20)-C(2)-0(24)
0(24)-C(2)-N(22)
C(2)-N(22)-N(23)
N(22)-N(23)-C(3)
N(23)-C(3)-H(30)
N(23)-C(3)-C(4)
H(30)-C(3)-C(4)
C(3)-C(4)-C(5)
C(3)-C(4)-C(9)
C(4)-C(5)-H(31)
C(4)-C(5)-C(6)
H(31)-C(5)-C(6)
C(5)-C(6)-0(25)
C(5)-C(6)-C(7)
0(25)-C(6)-C(7)
C(6)-0(25)-C(18)
0(25)-C(18)-H(41)
0(25)-C(18)-H(42)
0(25)-C(18)-C(19)
H(41)-C(18)-H(42)
H(41)-C(18)-C(19)
H(42)-C(18)-C(19)
C(18)-C(19)-H(43)
C(18)-C(19)-C(44)
C(18)-C(19)-C(45)
H(43)-C(19)-H(44)
H(43)-C(19)-H(45)
H(44)-C(19)-H(45)
C(6)-C(7)-0(26)
C(6)-C(7)-C(8)
C(7)-C(8)-H(32)
C(7)-C(8)-C(9)
H(32)-C(8)-C(9)
C(8)-C(9)-H(33)
C(8)-C(9)-C(4)
H(33)-C(9)-C(4)
C(9)-C(4)-C(5)
C(7)-0(26)-C(10)
0(26)-C(10)-0(27)
0(26)-C(10)-C(11)
0(27)-C(10)-C(11)
C(10)-C(11)-C(16)
C(10)-C(11)-C(12)
C(11)-C(12)-H(34)
C(11)-C(12)-C(13)
H(34)-C(12)-C(13)
C(12)-C(13)-C(14)
C(13)-C(14)-0(28)

121.10/121.05
108.37/108.12
111.46/111.32
120.43/120.62
114.52/113.56
125.16/125.45
125.05/124.81
101.17/102.00
129.93/129.37
128.90/128.63
130.53/130.79
118.73/119.69
122.05/122.32
120.04/120.30
117.92/117.39
118.32/118.15
122.55/122 .47
120.71/120.71
121.01/120.81
118.28/118.70
120.22/121.78
118.88/118.96
120.86/119.75
115.16/116.21
109.68/109.56
109.20/109.45
107.69/107.89
108.00/107.93
111.12/111.06
111.16/110.94
110.62/110.45
110.11/110.18
110.56/110.42
108.56/108.60
108.37/108.41
108.56/108.74
119.72/119.27
120.75/120.90
118.72/118.97
120.05/119.93
121.24/121.10
120.62/120.32
120.18/120.02
119.20/119.67
119.13/119.38
117.45/118.66
122.81/122.96
111.47/112.29
125.72/124.75
117.82/117.86
123.17/122.57
119.63/119.89
120.42/120.21
119.95/119.90
120.18/119.74
115.55/119.54

121.14/121.08
108.42/108.18
111.33/111.16
120.46/121.02
114.49/113.70
125.66/126.06
125.05/125.29
101.18/101.95
129.89/129.36
128.93/128.69
130.44/130.73
118.77/119.81
122.03/122.34
120.05/120.28
117.92/117.39
118.31/118.16
122.57/122.49
120.70/120.84
121.01/120.86
118.29/118.30
120.25/120.71
118.89/118.95
120.82/120.32
115.11/116.05
109.68/109.58
109.20/109.37
107.69/107.83
107.98/108.01
111.11/110.10
111.17/111.05
110.63/110.51
110.12/110.15
110.55/110.41
108.55/108.64
108.37/108.43
108.56/108.65
119.72/119.34
120.75/120.86
118.72/118.94
120.04/119.97
121.24/121.09
120.62/120.31
120.18/120.01
119.20/119.68
119.12/119.35
117.37/118.65
122.80/122.86
111.50/112.16
125.69/124.98
117.79/118.10
123.20/122.96
119.62/119.85
120.42/120.49
119.96/119.66
120.18/120.12
115.56/115.67

121.16/121.10
108.43/108.19
111.30/111.13
120.47/121.01
114.49/113.68
125.72/126.18
125.04/125.30
101.18/101.95
129.87/129.36
128.94/128.69
130.42/130.70
118.75/119.82
122.03/122.34
120.08/120.27
117.90/117.39
118.29/118.17
122.59/122.48
120.71/120.84
121.00/120.86
118.29/118.30
120.28/120.71
118.90/118.95
120.78/120.32
115.10/116.05
109.68/109.58
109.20/109.37
107.69/107.83
107.96/108.01
111.11/111.09
111.19/111.05
110.63/110.51
110.54/110.15
110.13/110.41
108.37/108.64
108.55/108.43
108.57/108.65
119.68/119.34
120.75/120.86
118.72/118.94
120.04/119.97
121.24/121.09
120.62/120.32
120.19/120.01
119.19/119.67
119.12/119.35
117.30/118.65
122.78/122.86
111.54/112.16
125.67/125.98
117.76/118.09
123.23/122.96
118.47/119.85
121.09/120.49
120.44/119.66
119.43/120.12
115.56/115.67



C(14)-0(28)-C(17) 118.61/120.81
0(28)-C(17)-H(38) 111.55/111.19
0(28)-C(17)-H(39) 105.88/106.77
0(28)-C(17)-H(40) 111.52/110.98
H(38)-C(17)-H(39) 109.27/109.01
H(38)-C(17)-H(40) 109.26/109.40
H(39)-C(18)-H(40) 109.29/109.44
C(13)-C(14)-C(15) 119.87/119.58
C(14)-C(15)-H(36) 121.04/119.38
C(14)-C(15)-C(16) 119.43/119.58
H(36)-C(15)-C(16) 119.53/121.04
C(15)-C(16)-H(37) 120.43/120.63
H(37)-C(16)-C(11) 118.49/118.96
C(15)-C(16)-C(11) 121.08/120.41
C(16)-C(11)-C(12) 119.02/119.58
C(1)-C(46)-H(47) 110.98/110.54
C(1)-C(46)-H(48) 110.96/110.51
C(1)-C(46)-H(49) 108.66/108.56

H(47)-C(46)-H(49)
H(48)-C(46)-H(49)
H(47)-C(46)-H(48)
C(1)-C(46)-C(49)

C(46)-C(49)-H(50)
C(46)-C(49)-H(51)
C(46)-C(49)-H(52)
H(50)-C(49)-H(52)
H(51)-C(49)-H(52)
H(50)-C(49)-H(51)
C(46)-C(49)-C(52)
H(50)-C(49)-C(52)
H(51)-C(49)-C(52)
C(49)-C(52)-H(53)
C(49)-C(52)-H(54)
C(49)-C(52)-H(55)
H(53)-C(52)-H(54)
H(53)-C(52)-H(55)
H(54)-C(52)-H(55)

109.45/109.79
109.43/109.66
107.34/107.68

H. Medetalibeyoglu& H. Yiiksek: Gaussian calculations of novel ...

118.60/120.17

118.59/120.17

111.54/111.37 111.54/111.37
105.88/106.13 105.88/106.13
111.51/111.37 111.51/111.37
109.28/109.22 109.30/109.22
109.26/109.46 109.28/109.46
109.29/109.22 109.30/109.21
119.43/119.92 119.87/119.34
121.03/121.30 121.03/121.30
119.43/119.34 119.43/119.34
119.53/119.36 119.54/119.36
120.44/119.95 120.44/119.95
118.48/118.87 118.47/118.87
121.09/121.18 121.09/121.18
119.01/118.94 119.01/118.94
108.34/108.08 108.48/108.08
108.33/108.07 108.44/108.08
105.22/105.94 105.16/105.87
112.98/112.88 113.36/113.24

111.15/111.21
111.19/111.22
109.10/109.66

109.22/109.39
109.19/109.39

108.48/108.42 -

108.45/108.43 -

107.51/107.81 105.91/106.31
- 112.06/111.74

110.14/110.81
110.14/110.81
111.04/111.37
111.39/111.32
111.40/111.52
107.54/107.74
107.64/107.69
107.54/107.74

Atomic charges and dipole moments

The electronegative N20, N21, N22, N23, 024, 025,
026, 027, 028 atoms have negative atomic charge
values. The C1, C2, C3, C6, C7, C10, C14, C18
atoms surrounded with electronegative atoms have
positive atomic charge values for compounds 3a, 3b
and 3c. The Mulliken atomic charges of these atoms
given in Table 3. The C1 atom which is surrounded
with two electronegative atoms (N, N), C2 atom
surrrounded with three electronegative atoms (N, N,
0), C10 atom surrrounded with two electronegative
atoms (O, 0O), C3 atom surrrounded with one
electronegative atom (N) and C6, C7, C14 and C18

atoms surrrounded with one electronegative atom (O)
have positive atomic charge values. The C1 atom
which is surrounded with two electronegative atoms
(N, N), C2 atom surrrounded with three
electronegative atoms (N, N, O) have the highest
positive atomic charge values. All hydrogen atoms of
these compounds 3a, 3b and 3c have positive atomic
charge values. Total energy values and dipole
moments of above mentioned compounds (3a-c)
were calculateted by using B3LYP/HF 6-31G(d,p)
methods. The calculated dipole moment and energy
values are given in Table 4 and 5.
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Table 3. Mulliken atomic charges of compounds 3a-c

Comp. 3a Comp. 3b Comp. 3¢
Atoms DFT/HF Atorms DFT/HF Atorms DFT/HF
C1 0.53/0.50 C1 0.54/0.61 C1 0.54/0.61
C2 0.82/0.88 C2 0.82/1.05 C2 0.82/1.05
C3 0.12/0.18 C3 0.12/0.18 C3 0.12/0.18
C4 0.09/-0.08 C4 0.08/-0.08 C4 0.09/-0.08
C5 -0.17/-0.17 C5 -0.17/-0.17 C5 -0.17/-0.17
C6 0.33/0.36 C6 0.33/0.38 C6 0.33/0.38
c7 0.32/0.36 C7 0.32/0.36 C7 0.32/0.36
C8 -0.11/-0.12 C8 -0.11/-0.15 C8 -0.11/-0.15
C9 -0.11/-0.14 C9 -0.11/-0.13 C9 -0.11/-0.13
C10 0.60/0.86 C10 0.60/0.86 C10 0.60/0.86
Ci11 0.01/-0.18 Ci11 0.01/-0.23 Ci11 0.01/-0.23
Ci12 -0.10/-0.11 Ci12 -0.10/-0.09 C12 -0.10/-0.09
C13 -0.12/-0.18 C13 -0.12/-0.20 C13 -0.12/-0.20
Ci4 0.36/0.37 Ci4 0.36/0.44 Ci14 0.36/0.44
Ci15 -0.14/-0.18 Ci15 -0.14/-0.24 C15 -0.14/-0.24
Ci16 -0.11/-0.10 Ci16 -0.11/-0.09 Ci16 -0.11/-0.09
C17 -0.08/-0.02 C17 -0.08/-0.04 C17 -0.08/-0.04
C18 0.06/0.06 C18 0.06/0.11 C18 0.06/0.11
C19 -0.34/-0.34 C19 -0.33/-0.35 C19 -0.34/-0.35
N20 -0.44/-0.46 N20 -0.43/-0.56 N20 -0.43/-0.56
N21 -0.36/-0.37 N21 -0.35/-0.36 N21 -0.35/-0.36
N22 -0.41/-0.48 N22 -0.42/-0.63 N22 -0.43/-0.64
N23 -0.33/-0.38 N23 -0.33/-0.33 N23 -0.32/-0.33
024 -0.54/-0.61 024 -0.54/-0.66 024 -0.54/-0.66
025 -0.54/-0.69 025 -0.54/-0.69 025 -0.54/-0.69
026 -0.57/-0.77 026 -0.57/-0.72 026 -0.57/-0.72
027 -0.47/-0.58 027 -0.47/-0.56 027 -0.47/-0.56
028 -0.51/-0.68 028 -0.51/-0.66 028 -0.51/-0.66
H29 0.29/0.33 H29 0.29/034 H29 0.29/0.34
H30 0.16/0.25 H30 0.16/0.23 H30 0.16/0.23
H31 0.11/0.19 H31 0.11/0.18 H31 0.11/0.18
H32 0.10/0.19 H32 0.10/0.18 H32 0.10/0.18
H33 0.11/0.18 H33 0.11/0.18 H33 0.11/0.18
H34 0.11/0.19 H34 0.11/0.18 H34 0.11/0.18
H35 0.10/0.18 H35 0.11/0.17 H35 0.10/0.19
H36 0.10/0.18 H36 0.10/0.16 H36 0.10/0.17
H37 0.12/0.21 H37 0.12/0.20 H37 0.12/0.20
H38 0.12/0.11 H38 0.12/0.12 H38 0.12/0.20
H39 0.13/0.14 H39 0.13/0.15 H39 0.13/0.15
H40 0.12/0.11 H40 0.12/0.12 H40 0.12/0.12
H41 0.09/0.10 H41 0.09/0.11 H41 0.09/0.10
H42 0.10/0.10 H42 0.10/0.11 H42 0.10/0.11
H43 0.13/0.13 H43 0.13/0.14 H43 0.13/0.14
H44 0.11/0.12 H44 0.11/0.13 H44 0.11/0.11
H45 0.12/0.10 H45 0.12/0.11 H45 0.12/0.13
C46 -0.36/-0.35 C46 -0.23/-0.25 C46 -0.22/-0.24
H47 014/0.17 H47 0.13/0.16 H47 0.13/0.15
H48 0.14/0.16 H48 0.13/0.16 H48 0.13/0.15
H49 0.14/0.16 C49 -0.32/-0.34 C49 -0.18/-0.22
H50 0.12/0.14 H50 0.11/0.13
H51 0.10/0.12 H51 0.10/0.13
H52 0.13/0.14 C52 -0.32/-0.34
H43 0.10/0.11
H44 0.10/0.11
H45 0.11/0.12
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Table 4. The calculated dipole moment values of compounds 3a-c

Dipole Moment B By Bz WToplam
3 B3LYP 4.2668 -1.0725 -1.9183 4.4779
HF 2.8429 0.5341 -2.4618 3.7984
3b B3LYP 4.0357 -1.4042 -1.8976 4.6754
HF 3.7971 -1.5293 -2.1154 4.6078
3 B3LYP 3.8611 -1.7072 -1.8355 4.6035
¢ HF 3.6058 -1.8493 -2.0616 4.5466
Table 5. The total energy of the compounds 3a-c
Energy B3LYP HF

3a (a.u.) -1369.30 -1361.12

3b (a.u.) -1408.61 -1400.17

3c (a.u.) -1447.93 -1439.20

atoms. The vibrational numbers of these molecules
3a-c are 141, 150 and 159. The observed and
calculated vibrational frequencies for compund 3a,
3b and 3c are summarized (Table 6) (Fig. 2).

Vibrational frequencies
3-(methyl/ethyl/n-propyl)-4-[ 3-ethoxy-4-(4-
methoxybenzoxy)-benzylidenamino]-4,5-dihydro-
1H-1,2,4-triazol-5-ones (3a-c) have 49, 52 and 55

Table 6. The experimental and calculated frequencies values of compounds 3a-c

] Experimental Scaled B3LYP Scaled HF
Assignment
3a 3b 3c 3a 3b 3c 3a 3b 3c
v NH 3173 3174 3166 3557 3557 3557 3552 3557 3557
v=CH 3065 3067 3072 3044 3053 3053 3024 3024 3024
vC=0 1730 1733 1724 1755 1755 1755 1878 1808 1808
vC=0 1697 1696 1697 1753 1753 1752 1855 1773 1773
vC=C 1602 1605 1602 1601 1601 1601 1714 1682 1681
vC=N 1578 1594 1578 1613 1611 1611 1774 1714 1714
6 COO 1256 1256 1254 1252 1251 1251 1271 1270 1262
v, stretching; 8, bending; Js, scissoring; p, rocking; v, out-0f-plane bending; t, torsion
| 1r‘ AT | W“"\ Ll YT e ™ R
| | | | Ui um(u "“ U'”'] .11 i gfy FRpTH | T )‘ﬁ “: R
[HWM | 1 M J” ] Tim |
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IR Frequency (cm™) IR Frequency (cm) IR Frequency (cm”)

Fig. 2. IR spectrum simulated DFT/HF 6-31G(d,p) level of compounds 3a-c

'H-*C-NMR chemical shifts and regression
analyses
The *H-*C NMR chemical shifts in gase phase and in
DMSO solvent of the title compounds 3a-c have been
calculated by using the DFT(B3LYP/HF methods
with 6-31G(d,p) basis set. The R? values of
compounds 3a-c were evaluated and *Hand *C NMR
chemical shift values of the compounds 3a-c were
plotted graphs. Experimental and theoretical between

'H-,13C-NMR chemical shifts ratios of compounds
3a-c were observed a linear correlation except for NH
proton by R? because N-H proton of triazole ring
(namely 4,5-dihydro-1H-1,2,4-triazol-5-one) was
displayed the acidic character. The calculated ‘H-
,BC- NMR chemical shifts values for the mentioned
compounds 3a-c are best agreement with the
experimental values (Fig. 3).
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Fig. 3. The correlation graphics for *C-NMR/**C-NMR (DMSO0), *H-NMR/*H-NMR (DMSO), chemical shifts of
compounds 3a-c

UV-vis. spectroscopy, molecular electrostatic
potential (MEP) and HOMO-LUMO analyses

The oscillator strengths (f), absorption
wavelengths (1) and excitation energies of UV—
Vis electron absorption spectroscopy of the title
molecules 3a-c have been calculated in ethanol
by using DFT(B3LYP)/HF methods with 6-
31G(d,p) basis set that presented in Fig. 4 and

DFT
HF |

-/ ‘L

L 1 1 " ! I L | L ! L

Table 6. Futhermore, the highest occupied
molecular orbital (HOMO) and the lowest
unoccupied molecular orbital (LUMO) have
been simulated for compounds 3a-c have been
determined. In our study, HOMO and LUMO
energies and their 3D plots of the compounds 3a-
c are shown in Fig. 5. The molecular electrostatic
potential (MEP) of these compounds 3a-c have
been performed (Fig. 6).

071 A
HF .

150 200 20 300 350 400 450 150 200 20
Wavelenght (nm)

Wavelenght (nm)

L " 1 1 " 1 1 " 1 J

450 150 200 250 300 350 400 450
Wavelenght (nm)

350 400

Fig. 4. UV-Visible spectra simulated with DFT/B3LYP/6-31G(d,p) and HF /6-31G(d,p) levels of compounds 3a-c.
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Table 6. The calculated absorption wavelength (1), excitation energies and oscillator strengths (f) of compounds 3a-c
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Comp. A (nm) Excitation energy (eV) f (oscillator strength)
315.17/233.52 3.9240/5.3095 0.5804/0.8013
3a 287.23/213.28 4.3165/5.8131 0.0353/0.0718
282.90/213.03 4.3826/5.8201 0.0309/0.0936
316.25/233.93 3.9205/5.3001 0.5772/0.8695
3b 286.97/216.59 4.3204/5.7243 0.0389/0.2054
283.15/213.05 4.3788/5.7373 0.086/0.0184
316.37/233.94 3.9190/5.2999 0.5738/0.8679
3c 286.93/216.58 4.3211/5.7245 0.0391/0.2059
283.13/213.04 4.3791/5.8197 0.0279/0.0185

Eromo(B3LYP): -0,21571

Fig. 5. 3D plots of HOMO and LUMO energies (Hatree) of compounds 3a-c at the B3LYP/HF 6-31G(d,p) level

ELumo(B3LYP): -0,05520 Eromo(HF) : -0,31194

ELumo(HF) : 0,08863
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Fig. 6. The calculated molecular surfaces for compounds 3a-c
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CONCLUSION

The molecular structure, molecular electrostatic
potential (MEP), vibrational wavenumbers, HOMO-
LUMO, Mulliken atomic charges, electronic
absorption maximum wavelenghts, and
thermodynamic parameters of the synthesized new
3-(methyl/ethyl/n-propyl)-4-[ 3-ethoxy-4-(4-

methoxy-benzoxy)-benzylidenamino]-4,5-dihydro-
1H-1,2,4-triazol-5-ones (3a-c) have been calculated
by using DFT(B3LYP)/HF 6-31G(d,p) levels. The
theoretical spectral values were seen as compatible

with experimental values.
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Pretreatments and temperature effects on the drying kinetics of peas
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In this study, peas were dried in convection dryer at a temperature range of 55-75°C with a constant air velocity of 2
m/s. The peas were pre-treated with ethyl oleate and blanched with hot water at 85°C before drying. Drying process
continued until sample moisture fell down to 0.11 kg water/kg dry matter. The blanched samples dried faster than the
other pre-treatment and control conditions. Besides, drying rate increased with increasing temperature. The experimental
results illustrated the absence of constant-rate drying period and drying took place in the falling-rate period. Four well-
known mathematical models were used to predict drying kinetics by nonlinear analysis of regression. Midilli and Kucuk
model best fitted the experimental data for the whole range of temperatures. The moisture diffusivity coefficient at each
temperature was determined by Fick’s second law of diffusion, in which their value varied from 7.66x101 m?/s to
2.44x1072 gver the mentioned temperature range. The dependence of effective diffusivity coefficient on temperature was
expressed by an Arrhenius type equation. The calculated values of the activation energy of moisture diffusion were 36.75,

38.11 and 43.25 kJ/mol for pre-treated with ethyl oleate, blanched samples and control samples, respectively.

Keywords: Activation energy, Drying, Effective diffusivity, Pea, Pre-treatments.

INTRODUCTION

Pea (Pisum sativum L.) is one of the most
commonly grown food legumes in the world. The
worldwide pea production in 2014 was 17426421
tons. The major producer countries include China,
India, USA, France and Egypt. According to Food
and Agriculture Organization of United Nations
(FAO) agriculture data, Pea is grown on 15300 ha
areas in Turkey with a production of 105279 tons in
2014 [1]. Pea has been widely used in the human diet
for a long time due to it being an excellent source of
protein, vitamins, minerals and other nutrients, while
being low in fat, high in fiber and containing no
cholesterol [2, 3]. Because of its high moisture
content, drying is one of alternative method of pea
preservation. Dried peas are gaining popularity
because they offer the advantage of longer self life,
palatability and convenience during transport and
handling [4]. Like other legumes, dried peas can be
used in meals or soups [5].

Drying is an established method of food
processing. It is used to extend the self-life of
vegetables and to reduce the mass transportation.
The low water activity of the products prevents
growth of microorganisms, enzymatic reactions, and
other deteriorative reactions [6]. Hot-air drying is the
most widely used method for preservation of food in
processing industry. The applied drying conditions
and pre-treatments highly influence the resulting
physical, chemical, microbial, functional and
organoleptic properties of the agricultural products.
Sodium and potassium hydroxide, sodium
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bicarbonate, potassium meta bisulphate, potassium
carbonate, methyl and ethyl ester emulsions,
ascorbic and citric acids, the most common and
commercially used some pre-treatments [7-9].
Blanching is one of the pre-treatment methods that
are used to stop some physiological processes before
drying vegetables and fruits. It helps to inactivate
enzymes that leads to some quality degradations and
improves the acceptability of the final products.
Moreover, it can accelerate drying rate and prevent
quality deterioration by expelling intercellular air
from the tissues and softening the texture [10].

In this study, the main objectives were to
investigate the effect of pre-treatment and air
temperature on the drying time, fit the experimental
data to four drying models, and compute effective
moisture diffusivity and activation energy.

EXPERIMENTAL
Materials and methods

Good quality fresh green peas (Pisum sativum)
were purchased from a local market in Istanbul,
Turkey. The damaged, immature, and dried pods
were removed manually by visual inspection. The
pea pods were shelled manually. The average
diameter of the peas was 0.7£0.1 cm. Pea samples
were divided in three sample groups. One sample
group were blanched (BLANCH) in water at 85+1°C
for 1 min. Other one sample group was dipped in
solution of 2% ethyl oleate and 3% potassium
carbonate (EQO) at 20+1°C for 1 min. Another sample
group dried as a control group (Control).

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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The initial moisture content of peas was
determined using a standard method [11], by
vacuum drying at 70°C for 24 h over a magnesium
sulphate desiccant. This was repeated three times to
obtain a reasonable average. The initial moisture
content of the samples was found as %77.25, wet
basis (3.494 kg water/kg dry matter).

DRYING PROCEDURE

Drying experiments were performed in a cabinet
type dryer (APl & PASILAC Limited of Carlisle,
Cumbria, UK.), and described by Doymaz [12].
Samples dried with air of 55, 65 and 75°C, and a
constant air velocity of 2 m/s. The experiments were
conducted with about 60+0.5 g of peas. The moisture
losses were recorded at 15 minute intervals during
the drying process, using a digital balance (Mettler-
Toledo BB3000, AG, Grefensee, Switzerland) with
a sensitivity of 0.1 g. Drying process was carried out
until a moisture content of about 0.11+0.02 kg
water/kg dry matter. The dried product was cooled,
to normal temperature in a desiccator containing
silica gel and then packed in polyethylene bags,
which were then heat-sealed and stored in incubators
at ambient temperature. The experiments were
repeated twice and the average of the moisture ratio
at each value was used for the drawing of the drying
curves.

Mathematical modeling and data analysis

The moisture ratio (MR) of the pea was calculated

using the following equation:

M =M, )

MO -M e

where M, Mg and M. are the moisture content at any

time of drying (kg water/kg dry matter), initial

moisture content (kg water/kg dry matter) and

equilibrium moisture content (kg water/kg dry

matter), respectively. The moisture ratio (MR) was

simplified to M¢/Mo instead of (M¢- Me)/(Mo - Me)

(Ismail et al. 2014) because of the values of M. small

compared with M; or Mo for long drying time.

The drying rate (DR) was calculated using Eq. (2):
DR = w 2)

At

where M.+ is moisture content at t+4¢ (kg water/kg

dry matter), and t is time (min).

The regression analysis was performed by using
the STATISTICA computer program. The
determination of coefficient (R?), reduced chi-square
(/) and root mean square error (RMSE) were used
in this study to evaluate the goodness of fit. These
parameters can be calculated by using the following
equations:

MR =

N

Z(MRpre,i - MRexp,i )2
RZ :1_ I:'\jl — -
> (MR ~ MR, )
i=1
) 3)
Z(MRexp,i - MRpre,i )2
ZZ — i=1
N-z
1/2 (4)
N
RMSE:{%%(MRWM - MRexp,i )2}
(5)

In these equations, N is the number of
observations, z is the number of constants, MRex, and
MRyre are the experimental and predicted moisture
ratios, respectively. The best model describing the
drying characteristics of pea samples is chosen as the
one with the highest R? values and the lowest #* and
RMSE values [13].

Determination of effective moisture diffusivity

The values of effective moisture diffusivity (Def)
of dried peas are determined by using the Fick’s
second law of diffusion equation:

oM
E = Deff V2 M (6)

The analytical solution of Fick's second law (Eq.
6) unsteady state diffusion in a spherical coordinates
with the assumptions of moisture migration being by
diffusion, negligible shrinkage, constant effective
diffusivity and temperature during the drying
process is given as follows [14] :

61 Dyt
MR:—zzn—zex —n?g? ﬁj (7)

2
n=1

r

For long drying periods, Eg. (7) can be further
simplified to only the first term of the series. Thus,
Eqg. (7) is written in a logarithmic form as follows:

In(MR)zln(%j—(n DjﬁtJ (8)
T r

The effective moisture diffusivity is obtained by
plotting the experimental drying data in terms of In
(MR) versus time (min). From Eg. (8), a plot of In
MR versus time gives a straight line with a slope of
(K), in which:

7 (9)
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Computation of activation energy
The dependence of the effective diffusivity on
temperature is generally described by the Arrhenius
equation:

D. =D, exp| — a 10
et = 70 p[ R(T+273.15)j (10)

Here Dy is the pre-exponential factor of Arrhenius
equation (m?/s), Ea is the activation energy (kJ/mol),
R is the universal gas constant (kJ/(mol.K)), and T is
temperature (°C).

RESULTS AND DISCUSSION
Effect of pretreatment and air drying temperature

Figures 1 presents variations in the moisture
content as a function of drying time at 55, 65 and
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75°C. It is clear that the moisture content decreases
continuously with drying time. The pre-treatments
affected the drying time. The peas dipped in pre-
treatment solutions before the drying process was
found to have a shorter drying time compared to the
control ones. From Figures 1, it is observed that the
drying times required for reducing the moisture
content of pre-treated samples were 585, 360 and
285 for BLANCH samples, and 645, 405, and 315
min for EO samples. Corresponding values for the
control samples were 810, 525 and 360 min at same
temperatures, respectively. As a result, the
experimental results demonstrate the importance of
the blanched in reducing the mass-transfer resistance
of the peas. A similar effect of blanching has been
found in the drying of various vegetables [9,13,15].

4
* BLANCH

* o EO
T 3 “ A CONTROL
= i
E 4
S 1 “*a
> ..
o N
g’ 2 1 @A
o] wA
8 et
g ) i
g (AR
= 1 i QR AA
O EN
= ggn AA‘A

o A
i * 0 Ay
%0,
0 * 9333300 Adaa,
0 200 400 600
Drying time (min)
(B)

Figure 1. Effect of pre-treatments on moisture contents

of peas (A: 55°C, B: 65°C, C: 75°C)
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The drying times taken to reduce the moisture
contents of the peas from initial moisture of 3.494 kg
water/kg dry matter to final moisture of 0.11 kg
water/kg dry matter are demonstrated in Figure 1. As
expected, the higher air temperature of 75°C results
in higher drying rate compared to 55 and 65°C. The
drying air temperature of 75°C resulted in a shorter
drying time than 55°C by approximately 300, 330,

0.025
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1 —a—FO
0.020 + —a— CONTROL

DR (kg water/(kg dry matter.min))

DR (kg water/(kg dry matter.min))

and 450 min for BLANCH, EO and CONTROL
samples, respectively. The enhancement in drying
rate at higher drying temperature is due to the fact
that higher drying temperatures lead to the higher
driving forces for heat transfer. The effect of
temperature on drying time was similar, in
accordance with earlier studies made on green pea
[3,16], green bean [13], and bitter gourd [9].

0.025

—e— BLANCH
—=—EO

—a— CONTROL

0.020 - |

0.015 A

0.010 o

0.005

0.000 T T T T T

0 200 400 600 800 1000 0 200 400 600
Drying time (min) Drying time (min)
(A) ()
0.035
i —e— BLANCH

= 0.030 - —=—EO

E i —a— CONTROL

5 0.025

=

1o 4

£ ‘

> 0.020 A

=l i

[=2]

< 0.015 A

2 1 Figure 2. Drying rate versus drying time of peas (A: 55°C,

= 0010 A B: 65°C, C: 75°C)

4 |

g 0.005 - ,

0.000 —_—
0 100 200 300 400
Drying time (min)
© . ” o
Table 1. List of drying models used for describing the drying kinetics
Model name Model Reference

Henderson and Pabis
Midilli and Kucuk
Weibull

Aghbashlo et al.

MR = aexp(—kt)
MR = aexp(—kt") +bt

s
oo

t

=)

Henderson and Pabis [18]
Midilli and Kucuk [19]

Corzo et al. [23]

Aghbashlo et al. [24]

a, b, ¢, n: constants in drying models; k: drying rate coefficient (1/min)
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DRYING RATE

The drying rate values of peas at different
temperatures were calculated using Eqg. 2 and are
shown in Figure 2. At the beginning of the process
the drying rate is high and the diffusion resistance
increases gradually during the drying process, so this
leads to a continuous reduction in drying rate.
Similar result has been reported previously by
Ghalavand et al. [17] has been reported. Figure 2
indicates that the moisture removal inside the peas
was higher at higher air temperatures. So, the
migration of moisture to the surface and the
evaporation rate from surface to air slows down with
decreasing the moisture in the product, the drying
rate clearly decreases. As can be seen no constant
drying rate period was observed, and the whole
drying process occurred in the falling drying rate
period. This shows that diffusion in dominant
physical mechanism governing moisture movement
in the samples.
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EVALUATION OF THE MODELS

Nonlinear regression analysis was done according to
the four mathematical models which are given in
Table 1 after moisture content data of air drying was
transferred into the moisture ratio (MR). The
statistical analysis values are summarized in Table 2.
In all cases, the R? values for the models were greater
than 0.98, indicating a good fit. The Midilli and
Kucuk model gave a higher R? and lower %2 and
RMSE values, and were selected to represent the
drying characteristics of peas. The R? values of the
model varied between 0.9989 and 0.9998, %2 values
between 0.000013 and 0.000060, and RMSE values
between 0.020874 and 0.036854. The worst fit in
this study belongs to the Henderson and Pabis
model. Figure 3 compare the experimental data with
the predicted ones using Midilli and Kucuk model
for peas at 55, 65 and 75°C. The prediction using the
model showed MR values banded along a straight
line, which proved the suitability of these models in
describing the drying characteristics of peas.

1.2
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||oEO
A CONTROL
o 0.8
=
el
L
L
el
o
% 04
OO = T T T T
0.0 0.4 0.8 1.2

Experimental MR

(B)

Figure 3. Experimentally determined and predicted
moisture ratios of peas (A: 55°C, B: 65°C, C: 75°C)
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Table 2

Code T(°C)  Model name R? 7 RMSE
BLANCH 55 Henderson and Pabis 0.9990 0.000074  0.032247
Midilli and Kucuk 0.9994 0.000050 0.030621
Weibull 0.9991 0.000067  0.035008
Aghbashlo et al. 0.9990 0.000074  0.036845
65 Henderson and Pabis 0.9885 0.001109  0.145978
Midilli and Kucuk 0.9995 0.000044  0.026595
Weibull 0.9981 0.000183  0.056078
Aghbashlo et al. 0.9990 0.000104 0.041357
75 Henderson and Pabis 0.9981 0.000122 0.038276
Midilli and Kucuk 0.9994 0.000105 0.036854
Weibull 0.9993 0.000124  0.040970
Aghbashlo et al. 0.9987 0.000161  0.040648
AEEO 55 Henderson and Pabis 0.9900 0.000888 0.167948
Midilli and Kucuk 0.9997 0.000027  0.028956
Weibull 0.9992 0.000656  0.038987
Aghbashlo et al. 0.9991 0.000080 0.048052
65 Henderson and Pabis 0.9942 0.000533  0.105072
Midilli and Kucuk 0.9997 0.000026  0.020874
Weibull 0.9996 0.000036 0.023688
Aghbashlo et al. 0.9994 0.000049  0.031104
75 Henderson and Pabis 0.9986 0.000173  0.041025
Midilli and Kucuk 0.9989 0.000060 0.028295
Weibull 0.9986 0.000063 0.030103
Aghbashlo et al. 0.9982 0.000111 0.034312
CONTROL 55 Henderson and Pabis 0.9927 0.000574 0.139895
Midilli and Kucuk 0.9998 0.000013 0.023374
Weibull 0.9973 0.000209  0.080979
Aghbashlo et al. 0.9991 0.000064  0.041372
65 Henderson and Pabis 0.9991 0.000069 0.038666
Midilli and Kucuk 0.9994 0.000052 0.036212
Weibull 0.9991 0.000068  0.040487
Aghbashlo et al. 0.9991 0.000069  0.041805
75 Henderson and Pabis 09989 0.000087 0.030678
Midilli and Kucuk 0.9998 0.000034 0.021831
Weibull 0.9993 0.000046  0.026832
Aghbashlo et al. 0.9987 0.000098 0.036768

EFFECTIVE MOISTURE DIFFUSIVITY

The determined values of the effective moisture
diffusivity are shown in Figure 4 and were found to
range between 7.66x101* m?/s and 2.44x1071° m?/s,
The moisture diffusivity was affected by the pre-
treatment solution and air temperature. It can be seen

that Desr values for blanched samples are greater than
those obtained for the other samples under the same
drying conditions. Moreover, Dexr was increased
with increasing temperature. The values of Des were
in the range 10! to 101° m?/s and are comparable
with reported values in literature for peas [4,15,20].
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Figure 4. Variation of effective diffusivity with drying temperature.
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Figure 5. Arrhenius-type relationship between effective diffusivity and reciprocal absolute temperature

ACTIVATION ENERGY (1/(T+273.15)), and presented in Figure 5. Egs. (11),
(12) and (13) show the effect of temperature on Des
of the pre-treated and the control samples with
following coefficients:

The activation energy was calculated by plotting In
(Derr) versus the reciprocal of the temperature

For AEEO samples:
4420.9

D, =7.3914x10 ° exp| - ————
(T +273.15)

J (R?: 0.9846) (12)
For BLANCH samples:
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D, =1.3186 x10* exp [—

For CONTROL samples:

D, =5.8887 x10* exp (—

The activation energy values were found to be
36.75, 38.11, and 43.25 kJ/mol for the AEEO,
BLANCH and CONTROL samples, respectively.
These values are similar to those proposed by other
authors for green pea and different products: 28.4
kJd/mol in green pea [14], 22.48 kJ/mol in green peas
[4]; 43 kJ/mol for green beans [21], and 40.08 kJ/mol
for bean grains [22].

CONCLUSIONS

Drying characteristics of peas were investigated
in a cabinet dryer at various temperatures of 55, 65
and 75°C and constant air velocity of 2 m/s. Air
temperature was important factor in drying of peas.
High drying temperature resulted in a shorter drying
time. Also, the blanched samples had shorter drying
times than other pre-treated and control samples.
The drying process of pea occurred in the falling
drying rate period. To explain the drying kinetics of
peas, four drying models were applied and fitted to
the experimental data. According to the results of
statistical analysis, the experimental data were well
predicted by the Midilli and Kucuk model. The
values of effective diffusivity of the pre-treated and
control samples were in the range 7.66x10* m?/s to
2.44x101° m?/s. The activation energy values found
to be between 36.75 and 43.25 kJ/mol.
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In-vitro biological activity of some new 1,2,4-triazole derivatives with their
potentiometric titrations
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In this study, 3-alkyl(aryl)-4-amino-4,5-dihydro-1H-1,2 4-triazol-5-ones 2 have been reacted with 3-(4-
methoxybenzenesulfonyloxy)-4-methoxybenzaldehyde 1 to afford the corresponding nine new 3-alkyl(aryl)-4-[3-(4-
methoxybenzenesulfonyloxy)-4-methoxybenzylideneamino]-4,5-dihydro-1H-1,2,4-triazol-5-ones 3. The structures of
nine new compounds have been characterized by IR, *H and 3C NMR spectral data. The synthesized compounds have
been analyzed for their in vitro antioxidant and antimicrobial activities. Furthermore, the half-neutralization potential
values and the corresponding pK, values were determined for all the newly synthesized compounds.

Keywords: Synhesis, Antioxidant activity, Antimicrobial activity, pK,, Acidity

INTRODUCTION

The compounds containing the 1,2,4-triazole
moiety have been reported to possess different
biological activities such as anti-inflammatory,
antibacterial, antioxidant, antifungal, anticancer,
analgesic, anticonvulsant, antiparasitic, antiviral,
anti-HIV, antihypertensive and diuretic properties
[1-16]. In addition, during the last 50 years,
depending on developments in  medicine,
antimicrobial studies in the field of chemistry have
been increased. Especially, many compounds in
organic chemistry have been used in drug industry.
In particularly, 1,2,4-triazoles and their derivatives
are often used in antimicrobial studies. However,
many studies including antimicrobial effects of
triazole derivatives have also been studied [2, 6, 11,
15]. On the other hand, it is known that 1,2,4-triazole
and 4,5-dihydro-1H-1,2,4-triazol-5-one ring have
weak acidic properties, so that some 1,2,4-triazole
and 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives
were titrated potentio-metrically with TBAH in non-
aqueous solvents, and the pKa. values of the
compounds were determined [4, 5, 14-18]. In the
present study, 3-alkyl(aryl)-4-[3-(4-
methoxybenzenesulfonyloxy)-4-
methoxybenzylideneamino]-4,5-dihydro-1H-1,2,4-
triazol-5-ones (3a-i) were synthesized from the
reactions of 3-alkyl(aryl)-4-amino-4,5-dihydro-1H-
1,2,4-triazol-5-ones (2a-i) with 3-(4-
methoxybenzenesulfonyloxy)-4-methoxy-
benzaldehyde (1), which was synthesized by the
reaction of 3-hydroxy-4-methoxybenzaldehyde with

*) To whom all correspondence should be sent:
E-mail: 0zak36@gmail.com

4-methoxy-benzenesulfonyl chloride by using
triethylamine. In addition, due to a wide range of
applications to find their possible radical scavenging
and antioxidant activity, the newly synthesized
compounds were investigated by using different
antioxidant methodologies: 1,1-diphenyl-2-picryl-
hydrazyl (DPPH.) free-radical scavenging, reducing
power and metal chelating activities. And, the
antimicrobial activities of new compounds were
investigated by used agar well diffusion method.
Furthermore, the newly synthesized compounds
were titrated potentiometrically with tetrabutyl-
ammonium hydroxide (TBAH) in isopropy! alcohol,
tert-butyl alcohol, acetone and N,N-
dimethylformamide (DMF) and the half-
neutralization  potential ~ values and  the
corresponding pK, values were determined for all
cases.
EXPERIMENTAL
Materials and chemicals

Chemical reagents and all solvents used in this
study were purchased from Merck, Aldrich and
Fluka. The necessary solvents are obtained from
domestic or foreign sources. Melting points were
determined in using an electrothermal melting point
apparatus which is Stuart SMP30. The IR spectra
were taken in ALPHA-P BRUKER FT-IR
spectrometer. 'H and C NMR spectra were
recorded in deuterated dimethyl sulfoxide with TMS
as an internal standard using a Bruker AVANCE |11
spectrometer at 400 MHz. The starting compounds
2a-i were prepared as described in the literature [19-
20].
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Schemel. Synthetic pathway of compounds 3

Procedure for the synthesis of 3-(4-
methoxybenzenesulfonyloxy)-4-
methoxybenzaldehyde (1)

3-Hydroxy-4-methoxy-benzaldehyde (0.01 mol)
dissolved in ethyl acetate (100 mL) was treated with
4-methoxybenzenesulfonyl chloride (0.01 mol), and
to this solution was slowly added triethylamine (0.01
mol) with stirring at 0-5 °C. Stirring was continued
for 2 h, and then the mixture was refluxed for 3 h and
filtered. The filtrate was evaporated in vacuo, and the
crude product was washed with water and
recrystallized from the DMSO-water (1:3) mixture to
afford compound 1, yield (2.87 g, 89.3 %), m.p. 134
°C. IR (KBr) vmax 2830 and 2732 (CHO), 1682
(C=0), 1360 and 1170 (SO,) cm™. 'H NMR (400
MHz, DMSO-ds): 6 3.64 (s, 3H, OCH3s), 3.87 (s, 3H,
OCHs), 7.16 (d, 2H, ArH; J=8.80 Hz), 7.27 (d, 1H,
ArH; J=8.40 Hz), 7.63 (d, 1H, ArH; J=1.60 Hz), 7.76
(d, 2H, ArH; J=8.80 Hz), 7.88 (d, 1H, ArH; J=8.40,
1.60 Hz), 9.86 (s, 1H, CHO). *C NMR (100 MHz,
DMSO-ds): & 56.43 (OCHzs), 56.75 (OCHs), 114.02
(CH), 115.10 (2CH), 123.89 (CH), 126.28 (C),
129.85 (C), 131.20 (2CH), 131.75 (CH), 138.37 (C),
156.79 (C), 164.60 (C), 191.23 (CHO).

General method for the preparation of 3-
alkyl(aryl)-4-[3-(4-methoxy-benzenesulfonyloxy)-4-
methoxy-benzylideneamino]-4,5-dihydro-1H-1,2,4-

triazol-5-ones (3a-i)

The 3-(4-methoxybenzene-sulfonyloxy)-4-
methoxybenzaldehyde (1) (0.01 mol) was dissolved
in acetic acid (15 mL) and treated with the
corresponding compound 2 (0.01 mol). The mixture
was refluxed for 1.5 h and then evaporated at 50-55
°C in vacuo. Several recrystallizations of the residue
from appropriate solvent gave pure compounds 3a-i
as colorless crystals.

3-Methyl-4-[3-(4-methoxybenzene-sulfonyloxy)-

4-methoxybenzylidene-amino]-4,5-dihydro-1H-

1,2,4-triazol-5-one (3a). Yield (3.86 g, 92.6 %),
m.p. 212 °C, IR (KBr) vmax 3167 (NH), 1694 (C=0),
1593 (C=N), 1565 and 1171 (SO2) cm™. 'H NMR
(400 MHz, DMSO-ds): 6 2.21 (s, 3H, CHa), 3.64 (s,
3H, OCHa), 3.87 (s, 3H, OCHa), 7.15 (d, 1H, ArH;
J=7.20 Hz), 7.19 (d, 2H, ArH; J=8.80 Hz), 7.50 (d,
1H, ArH; J=2.0 Hz), 7.71 (dd, 1H, ArH; J=8.40, 2.0
Hz), 7.78 (d, 2H, ArH; J=8.80 Hz), 9.60 (s, 1H,
N=CH), 11.80 (s, 1H, NH). *C NMR (100 MHz,
DMSO-de): 6 11.44 (CHs), 56.11 (20CHj3), 114.03
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(CH), 115.13 (2CH), 121.42 (CH), 126.53 (C),
126.70 (C), 129.88 (CH), 131.21 (2CH), 138.53 (C),
154.40 (C), 164.53 (C) (ArC), 144.62 (triazole Cs),
151.67 (triazole Cs), 152.80 (N=CH).

3-Ethyl-4-[3-(4-methoxybenzene-sulfonyloxy)-4-
methoxybenzylidene-amino]-4,5-dihydro-1H-
1,2,4-triazol-5-one (3b). Yield (4.13 g, 95.9 %),
m.p. 219 °C, IR (KBr) vmax 3179 (NH), 1703 (C=0),
1590 (C=N), 1367 and 1168 (SO2) cm™. 'H NMR
(400 MHz, DMSO-ds): 6 1.18 (t, 3H, CH2CHs;
J=7.20 Hz), 2.57 (q, 2H, CH.CHjs; J=7.20 Hz), 3.65
(s, 3H, OCHzs), 3.87 (s, 3H, OCHsa), (7.15 (d, 1H,
ArH; J=7.20 Hz), 7.19 (d, 2H, ArH; J=8.0 Hz), 7.47
(d, 1H, ArH; J=1.60 Hz), 7.70 (dd, 1H, ArH; J=8.80,
1.60 Hz), 7.76 (d, 2H, ArH; J=8.00 Hz), 9.60 (s, 1H,
N=CH), 11.83 (s, 1H, NH). *C NMR (100 MHz,
DMSO-ds): 6 10.38 (CH2CHa), 18.92 (CH>CHa),
56.40 (OCHs), 56.52 (OCHz), 114.04 (CH), 115.12
(2CH), 121.26 (CH), 126.56 (C), 126.73 (C), 129.90
(CH), 131.18 (2CH), 138.57 (C), 154.43 (C), 164.53
(C) (ArC), 148.38 (triazole Cs), 151.82 (triazole Cs),
152.74 (N=CH).

3-n-Propyl-4-[3-(4-methoxybenzene-
sulfonyloxy)-4-methoxybenzylidene-amino]-4,5-
dihydro-1H-1,2,4-triazol-5-one (3c). Yield (4.19 g,
94.3 %), m.p. 186 °C, IR (KBr) vmax 3171 (NH), 1697
(C=0), 1590 (C=N), 1565 and 1169 (SO2) cm™. H
NMR (400 MHz, DMSO-de): & 0.94 (t, 3H,
CH:CH.CHs; J=7.20 Hz), 1.65 (sext, 2H,
CH2CH,CHs; J=7.20 Hz), 2.57 (t, 2H, CH,CH>CHj3;
J=7.20 Hz), 3.64 (s, 3H, OCHa), 3.87 (s, 3H, OCH3),
7.17 (d, 2H, ArH; J=8.80 Hz), 7.19 (d, 1H, ArH;
J=8.40 Hz), 7.51 (d, 1H, ArH; J=1.60 Hz), 7.71 (dd,
1H, ArH; J=8.40, 1.20 Hz), 7.78 (d, 2H, ArH; J=8.80
Hz), 9.60 (s, 1H, N=CH), 11.83 (s, 1H, NH). *C
NMR (100 MHz, DMSO-ds): 6 13.89 (CH2CH>CHs3),
19.34 (CH2CH>CHa), 27.09 (CH.CH.CHs), (56.41
(OCHs), 56.51 (OCHa), 114.07 (CH), 115.11 (2CH),
, 121.42 (CH), 126.53 (C), 126.75 (C), 126.79 (CH),
131.18 (2CH), 138.54 (C), 154.40 (C), 164.52 (C)
(ArC), 147.25 (triazole Cs), 151.75 (triazole Cs),
152.80 (N=CH).

3-Benzyl-4-[3-(4-methoxybenzene-sulfonyloxy)-

4-methoxybenzylidene-amino]-4,5-dihydro-1H-

1,2,4-triazol-5-one (3d). Yield (4.76 g, 96.6 %),
m.p. 165 °C, IR (KBr) vmax 3167 (NH), 1702 (C=0),
1594 (C=N), 1374 and 1190 (SO), 758 and 700
(monosubstituted benzenoid ring) cm®. *H NMR
(400 MHz, DMSO-ds): 6 3.60 (s, 3H, OCHs), 3.83 (s,
3H, OCHa), 3.99 (s, 2H, CHzph), 7.17 (d, 2H, ArH;
J=8.80 Hz), 7.24-7.32 (m, 6H, ArH), 7.60 (d, 1H,
ArH; J=2.00 Hz), 7.67 (dd, 1H, ArH; J=8.40, 1.60
Hz), 7.78 (d, 2H, ArH; J=8.80 Hz), 9.57 (s, 1H,
N=CH), 11.96 (s, 1H, NH). C NMR (100 MHz,

100

DMSO-dg): & 31.64 (CH2Ph), 56.38 (OCHj3), 56.47
(OCHg), 113.99 (CH), 115.09 (2CH), 121.63 (CH),
126.53 (C), 126.72 (C), 127.24 (CH), 128.92 (2CH),
129.33 (2CH), 129.86 (CH), 131.18 (2CH), 136.15
(C), 138.49 (C), 154.31 (C), 164.51 (C) (ArC),
146.63 (triazole Cs), 151.65 (triazole Cs), 152.56
(N=CH).

3-p-Methylbenzyl-4-[3-(4-methoxy-
benzenesulfonyloxy)-4-methoxy-
benzylideneamino]-4,5-dihydro-1H-1,2,4-triazol-
5-one (3e). Yield (4.88 g, 96.4 %), m.p. 198 °C, IR
(KBr) vmax 3167 (NH), 1703 (C=0), 1590 (C=N),
1369 and 1188 (SO.), 833 (1,4-disubstituted
benzenoid ring) cm™. *H NMR (400 MHz, DMSO-
de): 8 2.25 (s, 3H, PhCH3), 3.60 (s, 3H, OCH3), 3.83
(s, 3H, OCHg), 3.93 (s, 2H, CH.Ph), 7.10-7.18 (m,
7H, ArH), 7.60 (s, 1H, ArH), 7.67 (d, 1H, ArH;
J=8.40 Hz), 7.78 (d, 2H, ArH; J=8.80 Hz), 9.56 (s,
1H, N=CH), 11.94 (s, 1H, NH). *C NMR (100 MHz,
DMSO-ds): 6 21.09 (PhCHs), 31.24 (CH2Ph), 56.38
(OCHs), 56.47 (OCHa), 113.99 (CH), 115.09 (2CH),
, 121.60 (CH), 126.53 (C), 126.73 (C), 129.19
(2CH), 129.49 (2CH), 129.87 (CH), 131.18 (2CH),
133.04 (C), 136.29 (C), 138.50 (C), 154.30 (C),
164.52 (C) (ArC), 146.78 (triazole Cs), 151.65
(triazole Cs), 152.51 (N=CH).

3-p-Methoxybenzyl-4-[3-(4-methoxy-
benzenesulfonyloxy)-4-methoxy-
benzylideneamino]-4,5-dihydro-1H-1,2,4-triazol-
5-one (3f). Yield (5.0 g, 95.7 %), m.p. 230 °C, IR
(KBr) vmax 3168 (NH), 1704 (C=0), 1589 (C=N),
1366 and 1186 (SO.), 834 (1,4-disubstituted
benzenoid ring) cm™. *H NMR (400 MHz, DMSO-
de): 8 3.61 (s, 3H, OCHg), 3.71 (s, 3H, OCHz), 3.83
(s, 3H, OCHg), 3.91 (s, 2H, PhCHy), 6.87 (d, 2H,
ArH; J=8.40 Hz), 7.16 (d, 2H, ArH; J=8.80 Hz), 7.18
(d, 1H, ArH; J=8.40 Hz), 7.21 (d, 2H, ArH; J=8.40
Hz), 7.60 (d, 1H, ArH; J=1.60 Hz), 7.68 (d, 1H, ArH;
J=8.80 Hz), 7.78 (d, 2H, ArH; J=8.80 Hz), 9.57 (s,
1H, N=CH), 11.92 (s, 1H, NH). *C NMR (100 MHz,
DMSO-ds): & 30.79 (CH2Ph), 55.46 (OCHs), 56.38
(OCHg), 56.48 (OCHj3), 114.00 (CH), 114.33 (2CH),
115.09 (2CH), 121.60 (CH), 126.53 (C), 126.75 (C),
127.92 (C), 129.91 (CH), 130.39 (2CH), 131.19
(2CH), 138.51 (C), 154.31 (C), 158.56 (C), 164.53
(C) (ArC), 146.93 (triazole Cs), 151.67 (triazole Cs),
152.53 (N=CH).

3-p-Chlorobenzyl-4-[3-(4-methoxy-
benzenesulfonyloxy)-4-methoxy-
benzylideneamino]-4,5-dihydro-1H-1,2,4-triazol-
5-one (3g). Yield (5.13 g, 97.4 %), m.p. 228 °C, IR
(KBr) vmax 3168 (NH), 1703 (C=0), 1591 (C=N),
1368 and 1188 (SO;), 834 (1,4-disubstituted
benzenoid ring) cm™. *H NMR (400 MHz, DMSO-
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de): 8 3.60 (s, 3H, OCH3), 3.83 (s, 3H, OCHs), 4.00
(s, 2H, CH2Ph), 7.16 (d, 2H, ArH; J=8.80 Hz), 7.17
(d, 1H, ArH; J=8.80 Hz), 7.33 (d, 2H, ArH; J=8.40
Hz), 7.38 (d, 2H, ArH; J=8.40 Hz), 7.59 (d, 1H, ArH;
J=2.00 Hz), 7.67 (dd, 1H, ArH; J=8.40,1.60 Hz),
7.78 (d, 2H, ArH; J=8.80 Hz), 9.57 (s, 1H, N=CH),
11.98 (s, 1H, NH). *C NMR (100 MHz, DMSO-dg):
d 30.79 (CH2Ph), 56.39 (OCHs), 56.48 (OCHy),
114.00 (CH), 115.08 (2CH), 121.68 (CH), 126.51
(C), 126.66 (C), 128.85 (2CH), 129.88 (CH), 131.19
(2CH), 131.26 (2CH), 131.92 (C), 135.15 (C),
138.48 (C), 154.34 (C), 164.52 (C) (ArC), 146.30
(triazole Cs), 151.64 (triazole Cs), 152.69 (N=CH).

3-m-Chlorobenzyl-4-[3-(4-methoxy-
benzenesulfonyloxy)-4-methoxy-
benzylideneamino]-4,5-dihydro-1H-1,2,4-triazol-
5-one (3h). Yield (5.09 g, 96.6 %), m.p. 200 °C, IR
(KBr) vmax 3175 (NH), 1703 (C=0), 1594 (C=N),
1371 and 1168 (SO>), 832 and 706 (1,3-disubstituted
benzenoid ring) cm™. *H NMR (400 MHz, DMSO-
de): 8 3.61 (s, 3H, OCHz), 3.82 (s, 3H, OCHg), 4.02
(s, 2H, CH2Ph), 7.15 (d, 2H, ArH; J=8.80 Hz), 7.17
(d, 1H, ArH; J=8.40 Hz), 7.27-7.35 (m, 4H, ArH),
7.57 (d, 1H, ArH; J=1.20 Hz), 7.68 (d, 1H, ArH;
J=8.40 Hz), 7.77 (d, 2H, ArH; J=8.80 Hz), 9.58 (s,
1H, N=CH), 11.99 (s, 1H, NH). *C NMR (100 MHz,
DMSO-ds): 6 31.15 (CH2Ph), 56.38 (OCHs), 54.49
(OCHg), 114.01 (CH), 115.08 (2CH), 121.77 (CH),
126.55 (C), 126.63 (C), 127.30 (CH), 128.22 (CH),
129.27 (CH), 129.79 (CH), 130.73 (CH), 131.19
(2CH), 133.43 (C), 138.51 (2C), 154.39 (C), 164.51
(C) (ArC), 146.13 (triazole Cs), 151.62 (triazole Cs),
152.82 (N=CH).

3-Phenyl-4-[3-(4-methoxybenzene-sulfonyloxy)-
4-methoxybenzylidene-amino]-4,5-dihydro-1H-
1,2,4-triazol-5-one (3i). Yield (4.56 g, 95.2 %), m.p.
202 °C, IR (KBr) vmax 3160 (NH), 1697 (C=0), 1594
(C=N), 1359 and 1170 (SO), 788 and 714
(monosubstituted benzenoid ring) cm™. *H NMR
(400 MHz, DMSO-ds): 6 3.61 (s, 3H, OCHa), 3.83 (s,
3H, OCHs), 7.12 (d, 2H, ArH; J=8.80 Hz), 7.19 (d,
1H, ArH; J=8.40 Hz), 7.51-7.54 (m, 3H, ArH), 7.62
(d, 1H, ArH; J=1.60 Hz), 7.73 (dd, 1H, ArH; J=8.40,
1.60 Hz), 7.67 (dd, 1H, ArH; J=8.40,1.60 Hz), 7.76
(d, 2H, ArH; J=8.80 Hz), 7.87-7.89 (m, 2H, ArH;
J=8.80 Hz), 9.56 (s, 1H, N=CH), 12.37 (s, 1H, NH).
13C NMR (100 MHz, DMSO-ds): & 56.38 (OCH3),
56.50 (OCHs3), 114.14 (CH), 115.05 (2CH), 122.16
(CH), 126.41 (C), 126.57 (C), 127.08 (C), 128.32
(2CH), 128.96 (2CH), 129,72 (CH), 130.60 (CH),
131.14 (2CH), 138.46 (C), 155.60 (C), 164.50 (C)
(ArC), 144.90 (triazole Cs), 151.80 (triazole Cs),
154.47 (N=CH).

Antioxidant activity

Chemicals. Butylated hydroxytoluene (BHT) was
purchased from E. Merck. Ferrous chloride, ao-
tocopherol, 1,1-diphenyl-2-picryl-hydrazyl (DPPH),
3-(2-pyridyl)-5,6-bis(phenylsulfonic  acid)-1,2,4-
triazine (ferrozine), butylated hydroxyanisole (BHA)
and trichloracetic acid (TCA) were bought from
Sigma.

Reducing power. The reducing power of the
synthesized compounds was determined according to
the method [21]. Different concentrations of the
samples (50-250 pg/mL) in DMSO (1 mL) were
mixed with phosphate buffer (2.5 mL, 0.2 M, pH =
6.6) and potassium ferricyanide (2.5 mL, 1%). The
mixture was incubated at 50°C for 20 min. after
which a portion (2.5 mL) of trichloroacetic acid
(10%) was added to the mixture, which was then
centrifuged for 10 min at 1000 x g. The upper layer
of solution (2.5 mL) was mixed with distilled water
(2.5 mL) and FeCl; (0.5 mL, 0.1%), and then the
absorbance at 700 nm was measured in a
spectrophometer. Higher absorbance of the reaction
mixture indicated greater reducing power.

Free radical scavenging activity. Free radical
scavenging activity of compounds was measured by
DPPH-, using the method [22]. Briefly, 0.1 mM
solution of DPPH: in ethanol was prepared, and this
solution (1 mL) was added to sample solutions in
DMSO (3 mL) at different concentrations (50-250
pg/mL). The mixture was shaken vigorously and
allowed to stand at room temperature for 30 min.
Then the absorbance was measured at 517 nm in a
spectrophometer. Lower absorbance of the reaction
mixture indicated higher free radical scavenging
activity. The DPPH- concentration (mM) in the
reaction medium was calculated from the following
calibration curve and determined by linear regression
(R: 0.997):

Absorbance = 0.0003 x DPPH- —0.0174

The capability to scavenge the DPPH radical was
calculated using the following equation:

DPPH: scavenging effect (%) = (Ao— Ai/Ag) X 100

where Ay is the absorbance of the control reaction
and A; is the absorbance in the presence of the
samples or standards.
Metal chelating activity. The chelation of ferrous
ions by the synthesized compounds and standards
were estimated by the method [23]. Briefly, the
synthesized compounds (1545 ug/mL) were added
to a 2 mM solution of FeCl,*4H,O (0.05 mL). The
reaction was initiated by the addition of 5 mM
ferrozine (0.2 mL), and then the mixture was shaken
vigorously and left standing at room temperature for
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10 min. After the mixture had reached equilibrium,
the absorbance of the solution was measured at 562
nm in a spectrophotometer. All tests and analyses
were run in triplicate and averaged. The percentage
of inhibition of ferrozine-Fe?* complex formation
was given by the formula: % inhibition = (Ag — A1/
Ao) x 100, where A is the absorbance of the control,
and A: is the absorbance in the presence of the
samples or standards. The control did not contain
compound or standard.

Antimicrobial activity

Chemicals. All test microorganisms were obtained
from the Microbiologics Environmental Protection
Laboratories Company in France and are follows:
(E. coli ATCC 259222, P. aeruginosa ATCC 27853,
K. pneumonia ATCC 4352, S. aureus ATCC 6538,
B. subtilis ATCC 11774, B. cereus ATCC 11778.
Agar well diffusion method. Simple susceptibility
screening test using agar well-diffusion method was
used [24, 25]. Each microorganism was suspended
in  Mueller—Hinton (MH) broth and diluted
approximately 10° colony forming unit (cfu)/mL.
They were “flood-inoculated” onto the surface of
MH agar and Sabouraud Dextrose Agar (SDA) and
then dried. Five-millimeter diameter wells were cut
from the agar using a sterile cork-borer, and 250-
5000 puL/50 of the chemical substances were
delivered into the wells. The plates were incubated
for 18 h at 35°C. Antimicrobial activity was
evaluated by measuring the zone of inhibition
against the test organism. Dimethylsulphoxide was
used as solved control.

Potentiometric titrations

A Jenco model pH meter was used for
potentiometric titrations. An Ingold pH electrode
was preferred because of the advantage. For each
compound that would be titrated, the 0.001 M
solution was separately prepared in each non-
aqueous solvent. The 0.05 M solution of TBAH in
isopropyl alcohol, which is widely used in the
titration of acids, was used as titrant. The mV values
that were obtained in pH-meter were recorded.
Finally, the HNP values were determined by drawing
the mL (TBAH)-mV graphic.

RESULTS AND DISCUSSION

In this study, the structures of nine new
compounds of 3-alkyl(aryl)-4-[3-(4-
methoxybenzenesulfonyloxy)-4-methoxy-
benzylideneamino]-4,5-dihydro-1H-1,2,4-triazol-5-
ones were identified using IR, 'H NMR and **C
NMR spectral data.
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Antioxidant activity
Total reductive capability using the potassium
ferricyanide reduction method. The
reductive capabilities of compounds were assessed
by the extent of conversion of the Fe** / ferricyanide
complex to the Fe?* / ferrous form. The reducing
powers of the compounds were observed at different
concentrations, and results were compared with
BHA, BHT and a-tocopherol. It has been observed
that the reducing capacity of a compound may serve
as a significant indicator of its potential antioxidant
activity [26]. The antioxidant activity of putative
antioxidant has been attributed to various
mechanisms, among which are prevention chain
initiation, binding of transition metal ion catalyst,
decomposition of peroxides, prevention of continued
hydrogen abstraction, reductive capacity and radical
scavenging [27]. In this study, all of the
concentrations of the compounds showed lower
absorbance than blank. Hence, no reductive activities
were observed.
DPPH- radical scavenging activity. The model of
scavenging the stable DPPH radical model is a
widely used method to evaluate antioxidant activities
in a relatively short time compared with other
methods. The effect of antioxidants on DPPH radical
scavenging was thought to be due to their hydrogen
donating ability [28]. DPPH is a stable free radical
and accepts an electron or hydrogen radical to
become a stable diamagnetic molecule [29]. The
reduction capability of DPPH radicals was
determined by the decrease in its absorbance at 517
nm induced by antioxidants. The absorption
maximum of a stable DPPH radical in ethanol was at
517 nm. The decrease in absorbance of DPPH radical
was caused by antioxidants because of the reaction
between antioxidant molecules and radical,
progresses, which resulted in the scavenging of the
radical by hydrogen donation. It is visually
noticeable as a discoloration from purple to yellow.
Hence, DPPH:- is usually used as a substrate to
evaluate antioxidative activity of antioxidants [30].
In the study, antiradical activities of compounds and
standard antioxidants such as BHA, BHT and a-
tocopherol were determined by using DPPH: method.
Fig. 1 illustrates that the radical scavenging effects
of the compounds 3c, 3g and 3h were concentration-
dependent, the other compounds were not.
Nevertheless, these newly synthesized compounds
showed poor radical scavenging activity.
Ferrous ion chelating activity. The chelating effect
towards ferrous ions by the compounds and
standards was determined. Ferrozine can
quantitatively form complexes with Fe?*. In the
presence of chelating agents, the complex formation
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is disrupted with the result that the red colour of the
complex is decreased. Measurement of colour
reduction therefore allows estimation of the
chelating activity of the coexisting chelator [31].
Transition metals have pivotal role in the generation
oxygen free radicals in living organism. The ferric
iron (Fe*) is the relatively biologically inactive form
of iron. However, it can be reduced to the active Fe?',
depending on condition, particularly pH [32] and
oxidized back through Fenton type reactions with the
production of hydroxyl radical or Haber-Weiss

%0 ——3c =—@—3g

®
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reactions with superoxide anions. The production of
these radicals may lead to lipid peroxidation, protein
modification and DNA damage. Chelating agents
may not activate metal ions and potentially inhibit
the metal-dependent processes [33]. Also, the
production of highly active ROS such as Oz, H,0;
and OH- is also catalyzed by free iron though Haber-
Weiss reactions:

O72+ H,0,— O+ OH + OH

3h =—=—BHT -—+—BHA o-T.pherol
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Fig. 1. Scavenging effect of compounds 3, BHT, BHA and a-tocopherol at different concentrations (12,5-25-37.5
pg/mL)

Among the transition metals, iron is known as the
most important lipid oxidation pro-oxidant due to its
high reactivity. The ferrous state of iron accelerates
lipid oxidation by breaking down the hydrogen and
lipid peroxides to reactive free radicals via the
Fenton reactions:

Fe?* + H,O, — Fe®** + OH + OH:

Fe3* ion also produces radicals from peroxides, even
though the rate is tenfold less than that of Fe?* ion,
which is the most powerful pro-oxidant among the
various types of metal ions [34]. It was reported that
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chelating agents that form c-bonds with a metal are
effective as secondary antioxidants because they
reduce the redox potential thereby stabilizing the
oxidized form of metal ion [35].

Low absorbance at 562 nm indicates high metal
chelating activity. In the study, chelating activities of
compounds and standard antioxidants such as BHA,
BHT and o-tocopherol were determined. The data
obtained from Fig. 2 reveal that the metal chelating
effects of the compounds 3, except 3i, were not
concentration-dependent. The chelating effect of the
compounds, except 3i, is high at low concentrations.

3i EDTA

3g

a-T.pherol

0 5 10 15 20

25 30 35 40 45 S0

Concentration (ng/mL)

Fig. 2. Metal chelating effect of different amount of the compounds 3, BHT, BHA and a-tocopherol on ferrous ions

103



O. Aktas-Yokus et al.: \n-vitro biological activity of some new 1,2,4-triazole derivatives...

Antimicrobial activity

Results were interpreted in terms of the
diameter of inhibition zone:
(-): <5.5 mm (No activity)
(+): 5.5-10 mm (Low level of activity)
(++): 11-16 mm (Moderate activity)
(+++): > 17 mm (High level of activity)

Ampicillin, neomycin and streptomycin were
standard antibacterial and antifungal agents.

DMSO was used as solvent control. The
observed data for the antimicrobial activity of 3
type compounds were given in Table 1. All of
the compounds did not display any antimicrobial
activity against Bacillus subtilis. The data reveal
that, the highest zone diameter was obtained
from compound 3d against Bacillus cereus and
3h against Pseudomonas aeruginosa.

Table 1. Antimicrobial activity of the compounds 3

Microorganisms and zone of inhibition (mm)

Comp.

Bs Bc Pa Kp Sa Ec
3a - 8 8 8 9 -
3b - 14 8 12 8 -
3c - 9 12 7 7 8
3d - 16 10 8 8 -
3e - 8 13 8 7 9
3f - 7 13 8 7 10
39 - 8 10 9 9 12
3h - - 16 8 8 8
3i - 9 11 11 14 -

Amp. 33 36 36 35 37 34
Neom. 17 17 17 16 13 16
Strep. 12 12 12 11 21 10

Bs: Bacillus subtilis (ATCC-11774), Bc: Bacillus cereus (ATCC-11778), Pa: Pseudomonas aeruginosa (ATCC-27853),
Kp: Klebsiella pneumoniae (ATCC-4352), Sa: Staphylococcus aureus (ATCC-6538), Ec: Escherichia coli (ATCC-
25922), Amp.: Ampicillin (3261), Neo.: Neomycin 3360, Str.: Streptomycin 3385 (-): no activite.

Table 2. The half-neutralization potential (HNP) and the corresponding pKa values of new compounds 3a-i in four
non-aqueous solvents at 25°C.

Compd. Isopropyl alcohol tert-Butyl alcohol DMF Acetone

No HNP (mV) pKa HNP (mV) pKa HNP (mV) pKa HNP(mV) pKa
3a - - - - - - -166 10.51
3b - - - - - - -451 15.49
3c - - - - - - -460 12.50
3d - - -60 8.59 -124 9.72 -297 12.79
3e - - - - - - -442 15.38
3f - - - - -240 11.69 -274 12.22
3g - - - - -59 8.37 -407 14.64
3h - - - - -309 12.85 - -

3i - - -138 9.98 - - -239 11.80

Potentiometric titrations

Newly synthesized 3 type compounds were
titrated potentiometrically with TBAH in non-
aqueous solvents, the mV values from each titration
were plotted against TBAH volumes used (mL) and
the potentiometric titration curves were obtained for
all the cases. From the titration curves, the HNP
values and the corresponding pK. values were
calculated. As an example, the potentiometric
titrations curves for 0.001 M solutions of 3-ethyl-4-
[3-(4-methoxy-benzenesulfonyloxy)-4-
methoxybenzylideneamino]-4,5-dihydro-1H-1,2,4-
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triazol-5-one (3b) titrated with 0.05 M TBAH in
DMF, acetone, tert- butyl alcohol, isopropyl alcohol
are shown in Fig. 3.

The half-neutralization potential (HNP) values
and the corresponding pK, values for new
compounds 3a-i, obtained from the potentiometric
titrations with 0.05 M TBAH in isopropyl alcohol,
tert-butyl alcohol, acetone and N,N-dimethyl
formamide are presented in Table 2.

When the dielectric permittivity of solvents is
taken into consideration, the acidity order can be
given as follows: N,N-dimethylformamide (¢=37.0)
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> acetone (€=20.7)> isopropyl alcohol (e=19.4) >
tert-butyl alcohol (¢=12.0). As seen in Table 1, the
acidity order for compound 3d is tert-butyl alcohol
> DMF > acetone, for compounds 3f and 3g it is:
DMF > acetone, for compound 3i it is: tert-butyl
alcohol > acetone > DMF. Moreover, as seen in

=—=DMF =—li—Acetone
0 .

-100

mV

-500 -

-600

=700

-800

Table 1, for compounds 3a-i in isopropyl alcohol,
for compounds 3a-c, 3e-h in tert-butyl alcohol, for
compounds 3a-c, 3e, 3i in DMF and for compound
3h in acetone, the HNP values and the
corresponding pKa values were not obtained.

tert-Butyl Alcohol ===isopropyl Alcohol

0,00 0,20

0,40 0,60 0,80
mL

Fig. 3. Potentiometric titration curves of 0.001 M solutions of compound 3b titrated with 0.05 M TBAH in isopropyl
alcohol, tertbutyl alcohol, DMF, acetone at 25°C.

As it is well known, the acitidy of a compound
depends on some factors. The two most important
factors are the solvent effect and moleculer structure
[36]. Table 2 shows that the HNP values and
corresponding pKa. values obtained from the
potentiometric titrations rely on the non-agueous
solvents used and the substituens at C-3 in 4,5-
dihydro-1H-1,2,4-triazole-5-one ring.

CONCLUSIONS

The synthesis and in vitro antioxidant and
antimicrobial evaluation also acidic properties of
new 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives
are described in the study. Design and synthesis of
novel small molecules can play specifically a
protective role in biological systems and in modern
medicinal chemistry. The results on the investigation
of their biological activities might be helpful in the
future drug development process.
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In this research study we intend to synthesize six new 2-[2-(substituted-benzyl)-4(7)-phenyl-1H-benzimidazol-1-
yl]acetohydrazides (8a-f) and six new methyl 2-[2-(substituted-benzyl)-4(7)-phenyl-1H-benzimidazol-1-yl]acetates (7a-
) with potency inhibiting acetylcholinesterase, butyrylcholinesterase and tyrosinase enzymes and antioxidant activities.

The chemical structures of synthesized compounds were identified by IR, *H-NMR, **C-NMR, and elemental analysis.
All these compounds were evaluated for their acetylcholinesterase, butyrylcholinesterase and tyrosinase enzymes

inhibitory potentials and antioxidant activities.

Biological activity results revealed that compounds 8f and 7c showed the highest tyrosinase inhibition with 52.46 +
2.67% and 52.32 + 0.70%, respectively. Compound 8f had the highest radical scavenging activities with 24.83 + 1.28%
among the compounds whilst compound 8c showed the lowest activities with 9.62 + 0.85%. Compound 8f gave the
highest PRAP and FRAP absorbance values with 0.180 + 0.013 and 0.358 £ 0.009 at 100 uM, respectively.
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INTRODUCTION

Today, most of the drugs used in the treatment of
diseases are obtained by organic synthesis. The fact
that they are more economical than those obtained
naturally leads to the rapid development of new
compounds through synthesis. In this scope,
benzimidazole synthesis, which is an important
member of heterocyclic compounds, has become an
important area of interest [1]. Some drugs
(albendazole, mebendazole, omeprazole, etc.), which
bear the benzimidazole ring and have been taken up
by the World Health Organization (WHO), are listed
in the literature [2-6]. Compounds containing the
benzimidazole skeleton also show important
pharmacological activities such as antimicrobial [7],
antibacterial [8-10], antifungal [11,12], antiviral
[13,15], antioxidant [16,17] activities.

Alzheimer Disease (AD) is recognized to
impaired cognitive functions such as loss of memory
and abnormal social behaviors [18]. AD has become
a major health issue in the developing countries due
to its rapid growth among elderly people [19]. Even
though the pathogenesis of AD has not been
established so far, the cholinergic hypothesis is the
most accepted theory for this disease due to a deficit
in acetylcholine level in the brain of patients.

*) To whom all correspondence should be sent:
E-mail: isdogan@ktu.edu.tr

Therefore, treatment of this disease is to increase the
acetylcholine  level in the brain  using
acetylcholinesterase ~ (AChE) inhibitor  [20].
Tyrosinase is a copper-containing polyphenol
oxidase enzyme, which may play an important role
in the generation of neuromelanin. Inhibition of
tyrosinase is an important target in finding new drugs
against Parkinson Disease (PD) [21]. Therefore, the
researchers have aimed to find new tyrosinase and
cholinesterase enzyme inhibitors against these
diseases (AD and PD).

For all the above reasons, in this study, we
synthesized a new series of benzimidazole
derivatives and evaluate the biological properties
(enzyme inhibition and antioxidant) of these
compounds for the first time.

EXPERIMENTAL
Measurements
Melting points were determined on a WRS-1B
Digital Melting-Point Apparatus and were not
corrected. FT-IR spectrums were recorded on a
Shimadzu IR-Prestige-21 spectrometer fitted with an
Attenuated Total Reflectance (ATR) sampling
accessory as neat films. *H- and *C-NMR spectrum
was acquired on a Varian Inova 400 MR
spectrometer. All microwave experiments were
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carried out using a monomode Anton Paar Mowave
300 microwave reactor. Elemental analyses were
performed on a vario MACRO cube CHNS element
analyzer. All reagents and solvents were purchased
from commercial suppliers and used without further
purification.
Synthesis

Compound 3 and compound 4, which were used
in the synthesis, were prepared by known literature
methods [22]. Compound 4 and iminoester
hydrochloride derivatives (5a-f) reacted in methanol
under suitable conditions and benzimidazole
derivative compounds (6a-f) were synthesized [23].

NO, (I)H
Cl NH B.
2 OH KF
+ THF, 100 °C
1 2

Esterification  of  benzimidazole  derivative
compounds (7a-f) was carried out according to the
methods described in the literature [24]. The
acetohydrazide derivative compounds (8a-f) were
synthesized by treatment of these ester derivatives
(7a-f) with hydrazine monohydrate by irradiation at
a ceiling temperature of 120 °C and a maximum
power of 850W for 60 min. The complete synthesis
of the compounds is given in Scheme 1.

Structures of the novel compounds 7a-f and 8a-f
were elucidated and confirmed by IR, *H-NMR, *3C-
NMR, elemental analysis techniques.

NH,NH,.H,0 NO
2WM2-M2 O 2 SnCl,, EtOH
NH, =~ 2
O 75°C
3
N
O BrCH,CO,CH,
MeOH, rt, 8 h K,CO3

NH,
NH,
SR

NH,NH,.H,0

N
H

O 6a-f

in Acetone, rt, 10 h

0, e
Ta-f

EtOH, MW, 120 °C, 1h

\\(O
O, 5w
8a-f

NH,

Scheme 1. Synthesis of the compounds, a: 4-chlorobenzyl; b: 3-chlorobenzyl; c: 4-methylbenzyl; d: 3-methylbenzyl; e:
benzyl; f. phenyl.

Synthesis of compounds 7a-f: Compounds 7a-f
were synthesized from methyl bromoacetate and
compounds 6a-f in acetone with dry K>CO3 under
basic conditions at room temperature [24].

Methyl  2-[2-(4-Chlorobenzyl)-4(7)-phenyl-
1H-benzimidazol-1-yl]acetate (7a). Yield 92%,
white powder, mp 142-144 °C. IR (ATR, Vmax, cM™):
3047 (aromatic C-H), 2993, 2954, 2931 (aliphatic C-
H), 1736 (C=0) 1519, 1489, 1435 (C=C and C=N),
1226, 1010, 748 (C-C, C-N, C-0). 'H NMR
spectrum (DMSO-ds, 400 MHz), 8, ppm: 3.49 (3H,
s, OCHzs); 4.32 (2H, s, CHy); 5.20 (2H, s, NCHy),
7.25-7.38 (6H, m, H Ar); 7.42-7.50 (4H, m, H Ar);
8.04-8.10 (2H, m, H Ar). B¥C NMR spectrum
(DMSO-ds, 100 MHz, & (ppm): 32.6 (CH,); 45.0
(NCH,); 52.6 (OCHs); 110.0; 121.3; 123.0; 127.6;
128.7 (2C); 128.8 (2C); 129.4 (2C); 131.0 (3C);
131.7; 135.9; 136.9; 138.5; 140.1 (18C Ar); 153.8
(C=N); 168.6 (C=0). Found, %: C 72.80; H 4.522;
N 7.61. C23H19sCIN2O,. Calculated, %: C 70.68; H
4.90; N 7.17.
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Methyl  2-[2-(3-Chlorobenzyl)-4(7)-phenyl-
1H-benzimidazol-1-yl]acetate (7b). Yield 95%,
dark cream powder, mp 129-131 °C. IR (ATR, Vimax,
cmt): 3055 (aromatic C-H), 2993, 2954 (aliphatic C-
H), 1736 (C=0) 1597, 1512, 1435 (C=C and C=N),
1211, 1157, 748 (C-C, C-N, C-0). 'H NMR
spectrum (DMSO-ds, 400 MHz), 5, ppm: 3.49 (3H,
s, OCHa); 4.34 (2H, s, CHy); 5.23 (2H, s, NCH),
7.20-7.38 (6H, m, H Ar); 7.41-7.50 (4H, m, H Ar);
8.04-8.10 (2H, m, H Ar). ¥C NMR spectrum
(DMSO-ds, 100 MHz, & (ppm): 32.7 (CHy); 45.0
(NCH,); 52.6 (OCHs); 110.0; 121.2; 123.0; 127,0
127.6; 127.9; 128.7 (2C); 129.0; 129.4 (2C); 130.7;
131.0; 133.4; 136.9; 138.5; 139.4; 140.1 (18C Ar);
153.6 (C=N); 168.6 (C=0). Found, %: C 71.64; H
4.669; N 7.42. C3H19CIN2O,. Calculated, %: C
70.68; H 4.90; N 7.17.

Methyl  2-[2-(3-Methylbenzyl)-4(7)-phenyl-
1H-benzimidazol-1-yl]acetate (7c). Yield 88%,
light cream powder, mp 143-145 °C. IR (ATR, Vmax,
cm1): 3055 (aromatic C-H), 2931 (aliphatic C-H),
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1751 (C=0) 1597, 1520, 1427 (C=C and C=N),
1265, 1165, 750 (C-C, C-N, C-0). 'H NMR
spectrum (DMSO-ds, 400 MHZz), 8, ppm: 2.22 (3H;
s; —CHs); 3.46 (3H, s, OCHz); 4.27 (2H, s, CH2); 5.15
(2H, s, NCHy), 6.97-7.30 (5H, m, H Ar); 7.33-7.53
(5H, m, H Ar); 8.05-8.10 (2H, m, H Ar). *C NMR
spectrum (DMSO-ds, 100 MHz, & (ppm): 21.41
(CHs3); 33.35 (CHy); 45.05 (NCHy); 52.54 (OCHj3);
110.98; 121.18; 122.90; 126,20 127.61; 127.66;
128.73 (2C); 128.81; 129.36 (2C); 129.66; 130.95;
136.64; 136.97; 137.99; 138.56; 140.10 (18C Ar);
154.15 (C=N); 168.51 (C=0). Found, %: C 76.27; H
5.435; N 7.47. C24H2N20,. Calculated, %: C 77.81;
H 5.99; N 7.56.

Methyl  2-[2-(4-Methylbenzyl)-4(7)-phenyl-
1H-benzimidazol-1-yl]acetate (7d). Yield 86%,
cream powder, mp 131-133 °C. IR (ATR, Vimax, CM"
1): 3032 (aromatic C-H), 2924 (aliphatic C-H), 1735
(C=0) 1597, 1512, 1435 (C=C and C=N), 1226,
1011, 750 (C-C, C-N, C-0O). '*H NMR spectrum
(DMSO-ds, 400 MHz), 8, ppm: 2.23 (3H; s; —CHj3);
3.48 (3H, s, OCHj3); 4.27 (2H, s, CHy); 5.14 (2H, s,
NCHy), 7.04-7.16 (4H, m, H Ar); 7.26-7.53 (6H, m,
H Ar); 8.06-8.10 (2H, m, H Ar). C NMR spectrum
(DMSO-ds, 100 MHz, 6 (ppm): 21.04 (CHs); 33.02
(CHz); 45.00 (NCH2); 52.57 (OCHa); 109.92;
121.15; 122.86; 127,57; 128.71 (2C); 128.96 (2C);
129.37 (2C); 129.44 (2C); 130.95; 133.69; 136.05;
136.96; 138.59; 140.14 (18C Ar); 154.28 (C=N);
168.51 (C=0). Found, %: C 76.74; H 5.580; N 7.47.
C24H22N,0,. Calculated, %: C 77.81; H5.99; N 7.56.

Methyl 2-[2-(Benzyl)-4(7)-phenyl-1H-
benzimidazol-1-yl]acetate (7e). Yield 92%, white
powder, mp 96-98 °C. IR (ATR, vmax, cm?): 3032
(aromatic C-H), 2924 (aliphatic C-H), 1736 (C=0)
1512, 1427 (C=C and C=N), 1211, 1165, 763 (C-C,
C-N, C-0). 'H NMR spectrum (DMSO-ds, 400
MHz), 8, ppm: 3.46 (3H, s, OCHs); 4.31 (2H, s,
CHy); 5.17 (2H, s, NCH_), 7.15-7.30 (6H, m, H Ar);
7.32-7.52 (5H, m, H Ar); 8.04-8.10 (2H, m, H Ar).
13C NMR spectrum (DMSO-ds, 100 MHz, § (ppm):
33.32 (CHy); 45.01 (NCHy); 52.58 (OCHz); 109.97;
121.18; 122.90; 127.02; 127,60; 128.72 (2C); 128.89
(2C); 129.09 (2C); 129.37 (2C); 130.96; 136.81;
136.94; 138.56; 140.12 (18C Ar); 154.28 (C=N);
168.51 (C=0). Found, %: C 76.64; H 5.369; N 7.32.
Co3H20N»0». Calculated, %: C 77.51; H5.66; N 7.86.

Methyl 2-[2-(Phenyl)-4(7)-phenyl-1H-
benzimidazol-1-yl]acetate (7f). Yield 85%, cream
powder, mp 130-131 °C. IR (ATR, Vmax, cm™): 3032
(aromatic C-H), 2924 (aliphatic C-H), 1751 (C=0)
1473, 1442 (C=C and C=N), 1211, 987, 694 (C-C,
C-N, C-0). 'H NMR spectrum (DMSO-ds, 400
MHz), 8, ppm: 3.66 (3H, s, OCHs); 5.24 (2H, s,

NCH,), 7.32-7.50 (5H, m, H Ar); 7.52-7.73 (6H, m,
H Ar); 8.08-8.14 (2H, m, H Ar). °C NMR spectrum
(DMSO-ds, 100 MHz, 8 (ppm): 46.42 (NCHy); 52.99
(OCHz3); 110.44; 121.75; 123.66; 127.72; 128.76
(2C); 129.32 (2C); 128.40 (2C); 129.53 (2C);
130.26; 130.42; 131.55; 137.40; 138.40; 140.43
(18C Ar); 154.28 (C=N); 168.51 (C=0). Found, %:
C 76.01; H 5.445; N 7.41. C»H1sN,0O,. Calculated,
%: C 77.17; H5.30; N 8.18.

Synthesis of compounds 8a-f: A mixture of
compounds 7a-f (0.01 mol) and hydrazine
monohydrate (0.025 mol) in ethanol (4 ml) in a
microwave process vial was added. The mixture was
irradiated at a ceiling temperature of 120 °C and a
maximum power of 850W for 60 min. The reaction
mixture was cooled, the mixture was kept overnight
in the refrigerator and precipitated. The crude
product was filtered off, dried, and recrystallized
from EtOH.

2-[2-(4-Chlorobenzyl)-4(7)-phenyl-1H-
benzimidazol-1-yl]Jacetohydrazide (8a). Yield
88%, white powder, mp 198-200 °C. IR (ATR, Vmax,
cm™): 3309, 3171 (N-H); 3047 (aromatic C-H), 2993
(aliphatic C-H), 1658 (C=0) 1512, 1489, 1442 (C=C
and C=N), 1242, 1018, 748 (C-C, C-N, C-0O). 'H
NMR spectrum (DMSO-dg, 400 MHZz), 5, ppm: 4.30
(2H, s, CHy); 4.36 (2H, s, NH, exchanged with
D,0); 4.80 (2H, s, NCHy); 7.22-7.50 (10H, m, H Ar);
8.00-8.06 (2H, m, H Ar); 9.50 (1H, s, NH, exchange,
D,0). C NMR spectrum (DMSO-ds, 100 MHz, §,
ppm: 32.59 (CHy); 45.05 (NCH); 109.89; 121.08;
122.76; 127.56; 128.69 (2C); 128.80 (2C); 129.30
(2C); 130.91; 130.98 (2C); 131.64; 136.32; 136.79;
138.57; 140.19 (18 C Ar); 154.05 (C=N); 166.25
(C=0). Found, %: C 67.05; H 4.340; N 14.16.
C2H19N4O. Calculated, %: C 67.60; H 4.90; N
14.33.

2-[2-(3-Chlorobenzyl)-4(7)-phenyl-1H-
benzimidazol-1-yl]acetohydrazide (8b). Yield
83%, white powder, mp 179-182 °C. IR (ATR, Vmax,
cm™): 3356, 3286, 3178 (N-H); 3047 (aromatic C-
H), 2993 (aliphatic C-H), 1712, 1674 (C=0) 1504,
1427, 1396 (C=C and C=N), 1226, 1157, 1010, 748
(C-C, C-N, C-0). 'H NMR spectrum (DMSO-ds,
400 MHz), 3, ppm: 4.25 (2H, s, NH;, exchanged
with D;0); 4.33 (2H, s, CHy); 4.84 (2H, s, NCHy);
7.22-7.50 (10H, m, H Ar); 8.00-8.06 (2H, m, H Ar);
9.52 (1H, s, NH, exchange, D;0). BC NMR
spectrum (DMSO-ds, 100 MHz, 5, ppm: 32.73
(CH)); 45.10 (NCHy); 109.96; 121.08; 122.78;
126.99; 127.57; 127.90; 128.68 (2C); 129.05; 129.29
(2C); 130.66; 130.88; 133.40; 136.75; 138.56;
139.85; 140.20 (18 C Ar); 153.85 (C=N); 166.27
(C=0). Found, %: C 66.38; H 4.052; N 13.74.
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CaH19N4O. Calculated, %: C 67.60; H 490; N
14.33.

2-[2-(3-Methylbenzyl)-4(7)-phenyl-1H-
benzimidazol-1-yl]acetohydrazide (8c). Yield
81%, white powder, mp 152-154 °C. IR (ATR, Viax,
cmt): 3302, 3232 (N-H); 3047 (aromatic C-H), 2993
(aliphatic C-H), 1651, 1604 (C=0) 1512, 1435, 1396
(C=C and C=N), 1234, 1165, 1010, 756 (C-C, C-N,
C-0). 'H NMR spectrum (DMSO-ds, 400 MHz), 8,
ppm: 2.23 (3H; s; —CHs); 4.26 (2H, s, CH,); 4.31
(2H, s, NH,, exchanged with D20); 4.77 (2H, s,
NCHy); 6.98-7.50 (10H, m, H Ar); 8.00-8.08 (2H, m,
H Ar); 9.49 (1H, s, NH, exchange, D;0). *C NMR
spectrum (DMSO-ds, 100 MHz, 5, ppm: 21.44
(CHs); 33.38 (CHy>); 45.04 (NCHy>); 109.88; 121.00;
122.67; 126.08; 127.55; 127.68; 128.69 (2C);
128.85; 129.32 (2C); 129.61; 130.87; 136.87;
137.07; 138.05; 138.63; 140.21 (18 C Ar); 154.41
(C=N); 166.29 (C=0). Found, %: C 74.08; H 5.729;
N 14.87. CaxH2N4O. Calculated, %: C 74.57; H
5.99; N 15.12.

2-[2-(4-Methylbenzy)-4(7)-phenyl-1H-
benzimidazol-1-yl]acetohydrazide (8d). Yield
91%, white powder, mp 183-184 °C. IR (ATR, Vimax,
cm?): 3317, 3163 (N-H); 3032 (aromatic C-H),
2978, 2916 (aliphatic C-H), 1658 (C=0) 1512, 1442,
1396 (C=C and C=N), 1219, 1157, 972, 748 (C-C,
C-N, C-0). 'H NMR spectrum (DMSO-ds, 400
MHz), 8, ppm: 2.23 (3H; s; —CHs); 4.25 (2H, s,
CHy); 4.31 (2H, s, NH2, exchanged with D;0); 4.75
(2H, s, NCHy); 7.05-7.50 (10H, m, H Ar); 8.02-8.08
(2H, m, H Ar); 9.48 (1H, s, NH, exchange, D,0).2C
NMR spectrum (DMSO-ds, 100 MHz, 3, ppm: 21.06
(CHs); 33.04 (CHy); 45.01 (NCHy); 109.84; 120.99;
122.65; 126.08; 127.53; 128.69 (2C); 128.87 (2C);
129.32 (2C); 129.52 (2C); 130.87; 134.11; 136.03;
136.86; 138.64; 140.22 (18 C Ar); 154.56 (C=N);
166.29 (C=0). Found, %: C 73.95; H 5.458; N
14.94. Cy3H2N4O. Calculated, %: C 74.57; H 5.99;
N 15.12.

2-[2-(Benzyl)-4(7)-phenyl-1H-benzimidazol-1-
yllacetohydrazide (8e). Yield 82%, white powder,
mp 150-151 °C. IR (ATR, vmax, cm™): 3294, 3271
(N-H); 3055 (aromatic C-H), 2939 (aliphatic C-H),
1651 (C=0) 1512, 1472, 1388 (C=C and C=N),
1242, 1165, 918, 694 (C-C, C-N, C-0). 'H NMR
spectrum (DMSO-ds, 400 MHz), 5, ppm: 4.21 (2H,
s, NH,, exchanged with D,0); 4.30 (2H, s, CHy);
4.78 (2H, s, NCH,); 7.15-7.50 (11H, m, H Ar); 8.02-
8.06 (2H, m, H Ar); 9.49 (1H, s, NH, exchange,
D,0). ¥C NMR spectrum (DMSO-ds, 100 MHz, §,
ppm: 33.37 (CHy); 45.02 (NCHy); 109.87; 121.03;
122.70; 127.01; 127.55; 128.69 (2C); 128.94 (20C);
129.02 (2C); 129.31 (2C); 130.88; 136.83; 137.22;
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138.61; 140.20 (18 C Ar); 154.41 (C=N); 166.28
(C=0). Found, %: C 73.02; H 5.246; N 15.42.
CHxoN4O. Calculated, %: C 74.14; H 5.66; N
15.72.

2-[2-(Phenyl)-4(7)-phenyl-1H-benzimidazol-
1-yl]acetohydrazide (8f). Yield 80%, white
powder, mp 250-251 °C. IR (ATR, vmax, cm™): 3302,
3263 (N-H); 3032 (aromatic C-H), 2931 (aliphatic
C-H), 1658 (C=0) 1527, 1419, 1388 (C=C and
C=N), 1242, 1157, 972, 748 (C-C, C-N, C-0). *H
NMR spectrum (DMSO-dg, 400 MHz), 5, ppm: 4.40
(2H, s, NH,, exchanged with D,O); 4.88 (2H, s,
NCHy,); 7.30-7.86 (11H, m, H Ar); 8.08-8.14 (2H, m,
H Ar); 9.62 (1H, s, NH, exchange, D;0). *C NMR
spectrum (DMSO-dg, 100 MHz, 5, ppm: 46.30
(NCHy); 110.33; 121.52; 123.36; 127.66; 128.74
(2C); 129.12 (2C); 129.37 (2C); 129.89 (2C);
130.27, 130.47; 131.44; 137.43; 138.50; 140.51 (18
C Ar); 154.15 (C=N); 166.68 (C=0). Found, %: C
74.77;,H5.321; N 16.21. C»1H1sN4O. Calculated, %:
C 73.67; H 5.30; N 16.36.

Enzym assay

Acetylcholinesterase enzyme (AChE) from
electric eel, acetylthiocholine iodide (AChI),
ascorbic acid (AA), butyrylcholinesterase enzyme
(BuChE), butyrylthiocholine iodide (BTCI), 5,5-
dithio-bis(2-nitrobenzoic)acid (DTNB), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), ethanol,
galantamine, kojic acid, -DOPA, methanol,
tyrosinase  from  mushroom,  Trisma-base,
phoshomolybdic acid, and quercetin (QE) were
purchased from Sigma-Aldrich (St. Louis, MO).
Experiments of biological activities were performed
by Multikan™ Go Microplate Spectrophotometer.

ENZYME INHIBITION
AChE/BUChE inhibition assays

AChE/BUChE inhibition was examined using the
method described by Ingkaninan et al. [25]. All of
the compounds were prepared as stock solutions in
20% DMSO. 50 mM Tris-HCI buffer (pH 8.00), 3
mM DTNB (in buffer), 0.2 U/mL AChE/BuChE and
compounds at 100 uM were added in a 96-well
microplate. The mixtures were incubated for 15 min
at 25 °C. After incubation, 15 mM AChI/BTCI was
added in a microplate and incubated for 5 min at
room temperature. The absorbance was measured at
412 nm wusing a 96-well microplate reader.
Galantamine was used as the positive control.
AChE/BUChE inhibition percentage was calculated
at 100 uM using the Formula 1. Where Acontrol iS the
activity of enzyme without compound and Acompound
is the activity of enzyme with compound at different
concentrations. The experiments were carried out in
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triplicate and results were expressed as the mean +
standard deviation (SD).

Formula 1. Formula for both enzyme inhibition and
scavenging percentage:

(Acontrol — Acompound)

Inhibition % =

X 100

Tyr inhibition assay

The Tyr inhibitions of compounds were investigated
using the method described by Masuda et al. [26].
The compounds at 100 uM, 250 U/mL tyrosinase
and 100 mM pH 6.8 phosphate buffer solutions were
added in a 96-well microplate. The mixtures were
incubated for 10 min at room temperature. Then, 3
mM L-DOPA was added and the microplate was
further incubated at room temperature for 20 min.
Subsequently, the absorbance of dopachrome was
measured at 475 nm using a 96-well microplate
reader. Kojic acid was used as the positive control.
Tyr inhibitions percentage was calculated at 100 pM
using Formula 1.

DPPH radical scavenging assay

The DPPH radical scavenging activities were
examined using the method described by Blois
compared to ascorbic acid as the reference
compound [27]. The total volume of assay mixture
was 1 mL containing methanolic DPPH solution (0.4
mM) and at 100 pM of compounds. The mixtures
were incubated for 30 min at room temperature in
the dark. After incubation, the mixtures were
measured at 517 nm and scavenging percentage was
calculated using Formula 1.

Phosphomolybdenum-reducing antioxidant power
(PRAP) assay

PRAP of compounds were examined using
phosphomolybdic acid [28]. The total volume of
assay mixture was 1 mL containing 10%
phoshomolybdic acid solution in ethanol (w/v) and
at 100 pM of compounds. The mixtures were
incubated for 30 min at 80 °C. After incubation, the
absorbance was measured at 600 nm. PRAP of
compounds was expressed absorbance at 100 uM
and compared with quercetine as reference
compound.

Ferric-Reducing Antioxidant Power (FRAP) Assay
FRAP of compounds was examined using the
method described by Oyaizu [29]. 1 mL of various
concentrations of the extracts and BHA as the
reference compound were added to 1 mL of
phosphate buffer (pH 6.6) and 1 mL of 10% (w/v)
potassium ferricyanide. The mixtures were
incubated at 50 °C for 20 min and then 1 mL of 10%
trichloroacetic acid was added. After vigorous
shaking, the solutions were mixed with 1 mL

Acontrol

distilled water and 150 uL of 0.15% FeCls. The
mixtures were incubated for 30 min at room
temperature in the dark. After incubation, the
absorbance was measured at 700 nm. FRAP of
compounds was expressed absorbance at 100 uM
and compared with BHA as reference compound.

RESULTS AND DISCUSSION
Chemistry

Since both the ester derivatives (7a-f) and the
hydrazide derivatives (8a-f) are new, spectral
analysis of each compound were made. The spectral
data (IR, *H-NMR, ¥C-NMR) results of these new
compounds were consistent with the literatures [30-
33].

The IR spectra of compounds 7a-f showed the
characteristic bands at 1735-1751 cm* for ester C=0
groups, at 3055-3032 cm* for aromatic C-H groups.
IR absorption band appeared at 1597- 1427 cm*and
1265-1010 cm* were assigned to C=C, C=N and C-
C, C-N functions in the benzimidazole structure,
respectively. In the final compounds, 8a-f, the
hydrazide group is in place of the ester group. So, IR
absorption band appeared at 3356-3171 cm™ was
assigned to NH atoms.

In case of !H-NMR spectral analysis of
compounds 7a-f, the methyl and methylene groups
have a chemical shift because of their neighboring
protons and have been appeared as a singlet. The
methyl protons (-COOCHs;) which next to the
presence of ester carbonyl, oxygen groups, giving
peak in 3.46-3.66 ppm range; the methylene protons
(-ArCH.-Ph) which next to the presence of substitute
phenyl ring and benzimidazole groups, giving peak
in 4.27-4.34 ppm range and the methylene protons (-
NCH»-COO) which next to the presence of ester
carbonyl and benzimidazole groups, giving peak in
5.14-5.24 ppm range. Aromatic protons were seen
where expected (6 = 6-8 ppm regions). In the
compounds 8a-f, the positions of the protons in the
hydrazide group were determined by exchange of
deutero-solvent. The !H-NMR  spectra of
compounds 8a-f showed the presence of a singlet at
6 = 4.21-4.40 ppm for the hydrazide-NH; proton,
and hydrazide-NH protons appeared at 3 = 9.48-9.62
ppm.

13C-NMR spectrum of compounds 7a-f and 8a-f,
gives signal at 153.85-154.56 (C=N) and 166.25-
166.68 (C=0) ppm and the aromatic field were
observed at 109.84-140.51 ppm. All peaks were
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observed at expected locations in accordance with
literature data [30-33].

The elemental analysis results confirm the
carbon, nitrogen, hydrogen and oxygen fractions of
the compounds.

Enzyme activity. Enzyme Inhibition

The AChE/BUChE inhibition of compounds was
measured by Ingkaninan’s assay with galantamine as
a standard drug. AChE/BUChE inhibition results of
compounds were expressed as inhibition (%) values
were presented in Table 1. The solubility of
benzimidazole derivative compounds decreases at

basic pH. No activity was detected in the solutions
prepared for the AChE/BUChE enzyme since the
substances precipitated in the pH 8 buffer. The
results showed that tested compounds did not inhibit
against AChE/BUChE. However, inhibition of
compounds and standard drug on tyrosinase enzyme
were illustrated in Table 1. The inhibition ratios of
tyrosinase by the compounds were measured at the
concentrations of 100 uM, as shown in Table 1. 8f
and 7c exhibited the highest tyrosinase inhibition
with 52.46 £ 2.67% and 52.32 + 0.70%, respectively.
In addition, 7a, 7b, 7d and 8d demonstrated
tyrosinase inhibition more than 45.00 % at 100 uM.
These results showed that, these compounds have
promising candidates for tyrosinase inhibitors.

Table 1. AChE, BuChE and Tyr enzyme inhibition of compounds at 100 pM.

Compounds AChE at 100 pM BuChE at 100 pM Tyr at 100 pM
(%) (%) (%) £ SD
7a Nd Nd 45.22 £0.39
7b Nd Nd 49.43 £2.04
7c Nd Nd 52.32+£0.70
7d Nd Nd 47.00 £ 0.36
Te Nd Nd 43.68 £2.63
7f Nd Nd 39.63 +1.84
8a Nd Nd 40.27 £ 1.32
8b Nd Nd 35.59 +1.68
8c Nd Nd 39.36 +£1.24
&d Nd Nd 46.31+1.05
8e Nd Nd 41.03 +£3.87
8f Nd Nd 52.46 +2.67
Galantamine 88.03 +0.31 79.30 £ 0.26 -
Kojic Acid - - 85.48 £ 0.40

*nd: no data ** SD: Standart deviation

Table 2. DPPH, PRAP and FRAP activities of compounds 7a-f and 8a-f at 100 uM.

Compounds DPPH at 100 pM PRAP at 100 pM FRAP at 100 pM
(%) = SD (Absorbance) = SD (Absorbance) + SD

7a 11.25+0.11 0.132 +0.002 0.236 + 0.004
7b 14.50+0.24 0.142 +0.007 0.263 + 0.007
7c 21.42+0.71 0.169 +0.010 0.326 £ 0.010
7d 13.50 +0.41 0.141 +0.004 0.247 + 0.007
7e 14.71 £ 0.83 0.135+0.010 0.269 + 0.006
7f 9.26+0.28 0.125 £ 0.006 0.194 + 0.002
8a 13.48 +0.44 0.121 +£0.003 0.227 £ 0.002
8b 12.26 £ 0.36 0.128 £ 0.005 0.217 £ 0.001
8c 9.62+£0.85 0.121 £ 0.001 0.179 £ 0.002
8d 16.05 +0.57 0.127 £ 0.004 0.294 +0.011
8e 17.27 £ 0.69 0.157 £ 0.009 0.271 £ 0.003
8f 24.83 +£1.28 0.180 +0.013 0.358 £ 0.009
AA 84.02 +0.09 - -

QE - 0.849 + 0.022 -

BHA - - 1.426+£0.014

*SD: Standard deviation

Antioxidant activities
In this work, DPPH radical scavenging activities,
PRAP and FRAP reducing antioxidant power assay
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of compounds have been investigated
spectrophotometrically method and their results
were presented in Table 2. All the compounds



M.K. Giimiis et al.: Synthesis, acetylcholinesterase, butyrylcholinesterase and tyrosinase wnhibition, and antioxidant ...

displayed moderate DPPH radical scavenging
activities when compared to AA. 8f had the highest
radical scavenging activities with 24.83 + 1.28%
among the compounds whilst 8c showed the lowest
activities with 9.62 + 0.85%. PRAP assay was based
on the reduction of Mo(VI) to Mo(V) by the
compounds. The highest absorbance values of the
compounds at 600 nm exhibited a higher reducing
antioxidant power. All of the compounds showed the
lowest values at 100 pM when compared to
guercetin as standard compound. 8f and 7c gave the
highest absorbance values with 0.180 + 0.013 and
0.169 £ 0.010 at 100 pg/mL, respectively. The ferric
reducing antioxidant power (FRAP) assay was a fast
method to determine the antioxidant potential of
compounds. . The compounds capacity to reduce
Fe3* to Fe*" was determined and the results were
shown in Table 2. The results of this study
demonstrated that compounds have a moderate ferric
reducing power. 8f has the highest absorbance
values with 0.358 £ 0.009 at 100 uM. All of these
results showed that, the newly synthesized
compounds have moderate antioxidant activities
when compared to standard compounds.

CONCLUSION

All the synthesized molecules were achieved in
excellent yields using a simple method. The
projected structures of synthesized compounds were
well supported by the spectral characterization data
by IR, H-NMR, ¥C-NMR and elemental analysis.

The antioxidant, AChE/BUChE and tyrosinase
inhibition properties of all compounds were
evaluated. The tested compounds did not inhibit
against AChE/BUChE. The phenyl substituted
hydrazide derivative compound 8f and the 4-
methylbenzyl substituted ester derivative compound
7c showed the highest tyrosinase inhibition with
52.46 + 2.67% and 52.32 + 0.70%, respectively. 8f
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A new perimidine and a new Schiff base compounds were prepared by the condensation of visnagin derivative
containing a carbonyl group with 1,8-diaminonaphthalene (1,8-DAN) and 2,3-diaminonaphthalene (2,3-DAN),
respectively. Metal complexes of these chromone type ligands were also isolated by using the Cu(ll) and Fe(ll)
ions. The synthesized compounds were characterized by UV-Vis, FT-IR, 'H&3C NMR, mass spectrometry,
elemental and AAS analyses and also magnetic susceptibility and molar conductivity measurements. Catecholase
activity of the complexes was investigated in methanol medium using 3,5-di-tert-butylcatechol (3,5-DTBC) as
model substrate and the results showed that all complexes are active for catalyzing the oxidation of 3,5-DTBC to
the corresponding quinone with first order reaction Kinetics. Fe(ll) complex of Schiff base ligand has been found
to exhibit the best catecholase activity with a turnover number value of 890.1 h%.

Keywords: Schiff base, perimidine, metal complexes, catecholase activity

1.INTRODUCTION

Coordination chemistry has received a great deal of
attention for a long time of period with the synthesis
and characterization of a large number of transition
metal complexes with various ligand systems
containing nitrogen and oxygen donor atoms owing
to their wide applications in various fields such as
biological [1], analytical [2], material science [3] and
catalysis [4]. Among these ligand systems, while
Schiff bases have been studied extensively for
decades [5,6], in recent years considerable attention
has been drawn to perimidines as they have electron
affinity, reduction potential and also exhibit diverse
range of biological activities [7]. Synthetic method
for the preparation of perimidines is the
condensation reaction of 1,8-diaminonaphthalene
(1,8-DAN) with various carbonyl groups, which
requires a special reagent or force reaction
conditions. Usually the product of this condensation
is Schiff base, however when 1,8-DAN is used as
primer diamine it can be obtained perimidine or its
derivatives [8]. Although it is well-documented that
metal complexes of salen type Schiff bases can be
easily prepared [9], only a few studies dealt with
metal complexes of perimidine derivatives in which
the metal is bound to one nitrogen and to another
donor atom introduced on a ring present on C-2 [10-
14].

In this paper, we present the synthesis of a Schiff
base and a 2,3-dihydro-1H-perimidine derivative
obtained from the condensation of visnagin based
carbonyl compound with 2,3-diaminonaphthalene
(2,3-DAN) and 1,8-diaminonaphthalene (1,8-DAN),

*) To whom all correspondence should be sent:
E-mail:nbeyazit@mku.edu.tr;
beyazitneslihan@gmail.com

respectively. The synthesis, characterization and
catecholase-like activity investigations of their
mononuclear copper (II) and iron(ll) complexes
were also reported. Catecholase-like activity of
metal complexes via oxidation of 3,5-di-tert-
buthylcatechol  (3,5-DTBC) to  3,5-di-tert-
buthylquinone (3,5-DTBQ) was performed.

2.EXPERIMENTAL

2.1.  Material
2,3-diaminonaphthalene, 1,8-diaminonaphthalene,
copper(Il) chloride (CuCly), iron(ll) chloride
tetrahydrate  (FeCl..4H,0), hydrogen peroxide
(H20,) solution (30 wt. % in H)0), 3,5-di-tert-
butylcatechol (3,5-DTBC) were purchased from
Sigma-Aldrich and used without further purification.
Solvents for the synthesis and analysis were
commercially available and used as received.

2.2.  Physical measurements

Melting points were determined on a Thermo
Scientific 9100 apparatus using open capillary and
the reported values are uncorrected. Elemental
analyses (carbon, hydrogen and nitrogen) were
carried out using a THERMO SCIENTIFIC Flash
2000 CHNS/O Analyzer, and the results agree with
the calculated values. The FT-IR spectra of the
samples were recorded on a Perkin Elmer Spectrum
Two with U-ATR FTIR spectrometer in the
wavenumber range of 4000-400 cm™. Electronic
spectra were recorded in a OPTIZENa UV-Vis
Spectrometer. *H NMR (600 MHz) and *C NMR
(600 MHz) spectra were recorded in CDCIs; on a
Bruker Advance Il HD spectrometer using TMS as
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an internal standard. Molar ionic conductance of the
complexes were determined in dimethyl sulphoxide
using a solution of about 10~ M concentration on a
Jenway Model 4070 conductivity meter. The
magnetic susceptibilitiy measurements on powder
form of the complexes were carried out with a
Sherwood magnetic susceptibility balance (Model
MK1) using MnCl;.4H,0 as calibrant at room
temperature. Mass spectra were obtained either on
an Agilent LC/MSD spectrometer using the ESI
technique or on a Thermo Finnigan LCQ Advantage
MAX using the ESI technique. Thin-layer
chromatography (TLC) was performed on Merck
silicagel plates (60F2s4), and detection was carried
out with ultraviolet light (254 and 366 nm).

2.3.  Synthesis of free ligands, L'and L?

Visnagin derivative starting material, 6-formyl-7-
hydroxy-5-methoxy-2-methylbenzopyran-4-one (1),
was prepared according to the reported method by
our group [15]. For the synthesis of L, a mixture of
1(0.47 g, 2 mmol) and 2,3-DAN (0.16 g, 1 mmol) in
95% ethanol (50 mL) was refluxed for 2h. For
preparing of L? 0.23 g (Immol) of 1 and 0.16 g (1
mmol) of 1,8-DAN was refluxed for 2h in 95%
ethanol (50mL). The precipitates were filtered off,
recrystallized from hot ethanol and dried.

LY (Yellow solid) Yield 81%; M.p.: 296-297°C.
Calculated for CssHzsN20Os (590.17): C, 69.15; H,
4.44; N, 4.74. Found C, 68.97; H, 4.72; N, 4.91.
Selected IR data (ATR, cm™): 3045 (Aromatic C-H),
2843 (Aliphatic C-H), 1660 (C=0), 1605 (C=N).
UV-Vis in DMSO (nm): 280, 350, 480. *H NMR
(600 MHz, CDCls): 8, ppm 2.32 (s, 6H, Chromone-
CHs), 4.03 (s, 6H, Chromone-OCHg), 6.00 (s, 2H, H-
3and H-3"), 6.75 (s, 2H, H-8 and H-8"), 7.54 (dd, 2H,
Naph-H), 7.66 (s, 2H, Naph-H), 7.92 (dd, 2H, Naph-
H), 9.23 (s, 2H, CH=N), 14.53 (s, 2H, Ar-OH). 13C
NMR (600 MHz, APT, CDCls): 8, ppm 19.95(CHs),
64.27(0OCHs3), 101.00 (CH), 110.45 (C), 111.44
(CH), 111.79(C), 117.24 (CH), 126.86 (CH), 127.91
(CH), 132.88 (C), 142.00 (C), 159.74 (CH=N),
161.63 (C), 162.85 (C), 163.90 (C), 165.76 (C),
176.43 (C=0). MS (+ESI): m/z 591.3 [M+H]".

L2  6-(2,3-dihydro-1H-perimidin-2-yl)-7-hydroxy-
5-methoxy-2-methyl-4H-chromen-4-one. (Gray
solid) Yield 68%; M.p.: 170-171°C. Calculated for
C22H18N20O4 (374.13): C, 70.58; H, 4.85; N, 7.48.
Found C, 70.07; H, 4.97; N, 7.63. Selected IR data
(ATR, cm?): 3329 (N-H), 3251(N-H), 3048
(Aromatic C-H), 2925 (Aliphatic C-H), 1650 (C=0).
UV-Vis in DMSO (nm): 290, 330, 350. *H NMR
(600 MHz, CDClIs): 8, ppm 2.32 (s, 3H, Chromone-
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CHs), 3.89 (s, 3H, Chromone-OCHg), 5.07(s, 2H, N-
H), 5.98(s, 1H), 6.06 (s,1H), 6.51 (s, 1H, H-8), 6.75-
7.35 (m, 6H, Naph-H), 10.33 (s, 1H, Ar-OH). 3C
NMR (600 MHz, APT, CDCls): 6, ppm 19.95(CHs),
61.74(CH), 63.86(0OCHs), 101.05(CH), 107.79(CH),
110.44(C), 111.36(CH), 114.14(C), 115.42(C),
119.20(C), 126.84 (CH), 134.66(C), 141.12(C),
158.47(C), 159.47 (C), 162.73(C), 164.01(C),
176.78 (C=0). MS (+ESI): m/z 375.1 [M+H]".

2.4.  Synthesis of the metal complexes

A hot solution of MCI, (M = Fe or Cu) (1 mmol) in
ethanol (30 mL) was added dropwise to a refluxing
solution of L! (0.59 g, 1 mmol) or L2 (0.37 g, 1
mmol) in chloroform (50 mL). The synthesis process
of Fe(Il) complexes was performed under nitrogen
atmosphere. After refluxing for 2 hours, the resulting
solution was concentrated to 10 mL. In case of no
precipitation, pure water was added into the final
solution dropwisely until precipitation occurs. The
precipitates were collected by filtration and dried in
vacuum under pressure to obtain metal complexes.

[CuL(H20)2]. The product isolated as light brown
powder was obtained after recrystallization from
DMSO. Yield 63%. Calculated for C34H28CUN>019
(687.1): C, 59.34; H, 4.10; N, 4.07; Cu, 9.23. Found
C,59.01; H, 4.32; N, 4.19; Cu, 9.07. Selected IR data
(ATR, cm?): 2828 (Aliphatic C-H), 1650 (C=0),
1600 (C=N), 567-466 (M-O and M-N). UV-Vis in
DMSO (nm): 280, 300, 350, 520. MS (+ESI): m/z
711.2 [M+H+Na]*. A(DMSO) 7.3 't cm? mol™; piefr
:1.79 B.M.

[FeL'(H.0)]. The product isolated as dark brown
powder was obtained after recrystallization from
DMSO. Yield 70%. Calculated for CzsH2sFeN2010
(680.11): C, 60.01; H, 4.15; N, 4.12; Fe, 8.21. Found
C, 59.87; H, 4.39; N, 4.32; Fe, 8.55. (Selected IR
data (ATR, cm™): 2840 (Aliphatic C-H), 1650
(C=0), 1598 (C=N), 567-447 (M-O and M-N). UV-
Vis in DMSO (hm): 280, 300, 350, 520. MS (+ESI):
m/z 681.4 [M+H]*. A(DMSO) 7.8 't cm? mol™; pesr
:4.77 B.M.

[CuL?(H.0)4]. The product isolated as light brown
powder was obtained after recrystallization from
DMSO. Yield 55%. Calculated for C;2H24CuN2Os
(507.08): C, 52.02; H, 4.76; N, 5.51; Cu, 12.51.
Found C, 51.86; H, 4.92; N, 5.69; Cu, 12.09.
Selected IR data (ATR, cm™): 3272 (N-H), 3056
(Aromatic C-H), 2923 (Aliphatic C-H), 1653 (C=0),
564-400 (M-O and M-N). UV-Vis in DMSO (nm):
270, 290, 350, 410, 450, 680. MS (+ESI): m/z 529.54



N. Beyazit et al.: Metal complexes of perimidine and Schiff base ligands bearing both naphthalene and chromone...

[M+Na]*. A(DMSO) 5.6 Q' cm? mol™; per: 1.89
B.M.

[FeL2(H20)4]. The product isolated as dark brown
powder was obtained after recrystallization from
DMSO. Yield 72%. Calculated for C:H24FeN2Os
(500.9): C, 52.82; H, 4.84; N, 5.60; Fe,11.16. Found
C,52.22; H,5.1; N, 5.72; Fe, 11.01. Selected IR data
(ATR, cm?): 3299 (N-H), 3063 (Aromatic C-H),
2924 (Aliphatic C-H), 1655 (C=0), 561-460 (M-O
and M-N). UV-Vis in DMSO (nm): 270, 340, 360,
600. MS (+ESI): m/z 501.39 [M+H]*. A(DMSO) 5.1
Q1 cm? mol™; perr: 4.83 B.M.

2.5.

The catecholase activity of the prepared
metal complexes was evaluated by using 3,5-DTBC
as the substrate. The reactions were monitored
spetrophotometrically by following the absorption
increase at c.a. 400 nm of the corresponding quinone
(3,5-DTBQ). To measure the ability of complexes to
oxidize 3,5-DTBC, 2.10°® M methanolic solution of
complexes were treated with 2.10° M of 3,5-DTBC
at room temperature in the presence of H,O; (as an
oxygen source). Absorbance vs wavelength plots
were recorded for the resultant reaction mixture at a
regular time interval of 2 min in the range 300-

Catecholase activity

_—

RS

500 nm. To determine the dependence of the rates
and kinetic parameters such as Vimax, Km and Keat, the
kinetics measurements were performed by using the
initial rate method at 25°C for all complexes.

3. RESULTS AND DISCUSSION
3.1

A new 2,3-dihydro-1H-perimidine derivative, a new
Schiff base ligand and their Cu(ll) and Fe(ll)
complexes were prepared and the structures have
been confirmed by studying their physical and
spectral properties. The synthetic routes for ligands
are given in Scheme 1. The obtained results of
micro-analysis, molar conductivity and magnetic
susceptibility measurements for the synthesized
compounds are consistent with the calculated results
from empirical formula of all molecules. The lower
molar conductance values (5.1-7.8 Q* cm? mol?) in
DMSO support the non-electrolytic nature of all the
metal complexes, indicating that there are no counter
ions in the proposed structures [16]. Magnetic
measurements were recorded at room temperature
and they were in the range of 1.79-1.89 and 4.77-
483 B.M. for Cu(ll) and Fe(ll) complexes,
respectively, suggesting octahedral geometry [17].
The proposed structures of the complexes are given
in Figure 1.

Syntheses

EtOH

Reflux

EtOH

Reflux

Scheme 1. Synthesis of free ligands.

o o
NH,
s
2 | -
HO O NH,
1 2,3-DAN
o o
|
HO (0)
NH, NH,
1 1,8-DAN
3.2.  Electronic spectra

The electronic absorption spectra in the UV-
Visible region of the ligands and their metal
complexes were measured using freshly prepared 10°
4 M solutions in DMSO. In the 270-350 nm region,
the spectra exhibit the strong broad absorption bands

for both perimidine and Schiff base ligands,
indicating n-n* and n-m* transitions of azomethine
groups and aromatic rings. In the spectra of all metal
complexes, the weak bands at longer wavelengths
(450-680 nm) might be attributed to d-d transitions
of metal ions [18].
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M =Cuor Fe

Figure 1. The proposed structures of Schiff base and perimidine metal complexes.

3.3. FT-IR spectra

In the FT-IR spectrum of L2, two bands with
medium intensity were observed at 3329 and 3251
cmt attributing to two N-H stretching vibrations of
perimidine ring. The strong bands appeared at 1650
and 1594 cm* can assigned to carbonyl absorption
of chromone ring and C=C stretching vibrations,
respectively. The FT-IR spectra of perimidine Cu(ll)
and Fe(ll) complexes revealed a medium, broad
band at 3272 and 3299 cm!, respectively, attributing
to a N-H stretching vibration and this indicates that
one of the N-H groups of perimidine ring is not
coordinated to the metal ion. Furthermore, the
coordination of perimidine ring to the metal ion is
supported by the existence of medium intensity
bands in the region 460-564 cm* due to M-N and M-
O stretching vibrations [10]. In the FT-IR spectrum
of LY, two sharp peaks observed at 1660 and 1605
cm?® are due to carbonyl and azomethine groups,
respectively. The absorption bands of carbonyl and
azomethine groups have been shifted to lower
frequencies in Cu(lIl) and Fe(ll) complexes of Schiff
base, indicating the involvement of oxygen and
nitrogen atoms in complexation with the metal ions.
This is further confirmed by appearance of the new
bands in the region 466-567 cm™ attributing to M-N
and M-O stretching vibrations [19].

3.4. NMR spectra

The *H NMR spectrum of L' in CDCl; showed
two significant singlets at 9.23 and 14.53 ppm,
corresponding to the azomethine (CH=N) and
phenolic protons (Ar-OH), respectively. The signals
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in the range of 6.00-7.92 ppm were assigned to the
aromatic protons on the naphthalene and chromone
rings. Two sharp singlets were observed at 2.32 and
4.03 ppm due to methyl and methoxy protons,
respectively. In the 3C APT NMR spectrum of L1,
the total count of the carbon peaks matched well with
the composition of the compound. The positive
signal at 159.74 ppm clearly indicates the presence
of methine carbon at imine (CH=N) group. The
negative signal at 176.43 ppm was attributed to the
quaternary carbon of carbonyl group in the
chromone ring. The quaternary carbon atoms belong
to the chromone ring and adjacent to the oxygen
atoms were appeared as four negative signals in the
region 161.63-165.76 ppm in the APT spectrum of
L% In the TH NMR spectrum of L2, the singlets
appear at 2.32, 3.89 and 10.33 ppm were attributed
to —CHs, -OCHj3 and Ar-OH groups in the chromone
ring, respectively. The aromatic protons were
observed in the range of 6.75-7.35 ppm. The singlet
observed at 5.07 ppm were assigned to —NH protons
of perimidine structure. The signals corresponding to
Ar-OH and —NH protons were disappeared after
addition of D,O (Figure 2).

The 3C NMR spectrum (with the aid of APT and
DEPT techniques) in CDCls, were found to agree
with the proposed structure of L2 The negative
signal at 176.78 ppm clearly indicates the presence
of quaternary carbonyl carbon. The positive peaks
observed at 19.95 and 63.86 ppm were assigned to
methyl and methoxy carbons of chromone ring,
respectively. Another positive signal appeared at
61.74 ppm was likely to be assigned to the aliphatic
methine carbon in the perimidine ring.
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Figure 2. 'H-NMR Spectrum of L? ligand in CDCl; (Inset shows DO exchange spectrum of L?)

3.5. Mass spectra

In the mass spectra of the ligands, the molecular
ion peaks for L! and L2 can be seen at m/z = 591.3
and at m/z 375.1 corresponds to [M+H],
respectively. Also, the formation of complexes was
further confirmed by mass spectroscopy. The mass
spectra for mononuclear complexes, [CuL!(H20)],
[FeL(H:0):], [CuL?(H.0)4], [FeL?(H20)4], show
peaks at m/z = 711.2, 681.4, 529.54, 501.39 related
to fragments of [M+H+Na]*, [M+H]*, [M+Na]* and
[M+H]", respectively.

3.6.  Catecholase activiy
2.11.1. Spectrophotometric study. In order to
investigate the catecholase activity of all prepared

2 J 3,5-DTBQ

=
5

Absorbance

complexes, 3,5-DTBC with low quinone-catechol
reduction potential has been chosen as substrate. The
oxidised product, 3,5-DTBQ is remarkably stable
and shows a maximum absorption around 400 nm
[20]. Methanol solution of the complexes was added
in 100 equivalents of 3,5-DTBC in the presence of
H20, and the repetitive UV-Vis spectral scan was
recorded at a regular time interval of 2 min in the
range 300-500 nm. After addition of 3,5-DTBC and
H20,, the time dependent spectral scan shows very
smooth growing band at 400 nm (Figure 3) for all
complexes, indicating the formation of the
corresponding quinone (3,5-DTBQ).

400
Wavelength (nm)

Figure 3. UV-Vis spectral changes of [CuL?(H.0)4] complex in methanol upon addition of 100-fold excess of 3,5-
DTBC, observed at two minute intervals of time.

2.11.2. Enzyme kinetics study. Enzymatic kinetic
experiments were performed by using UV-Vis

spectrophotometry thermostated at 25°C. To
understand the kinetic aspects of catalysis, the rate
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constant for a catalyst complex was determined by
traditional initial rate methods. The pseudo-first-
order condition was maintained by using substrate
solutions ranging between 10 times and 100 times
larger than that of the synthesized complexes. The
Michaelis-Menten approach of enzyme kinetics was
applied to analyze the rate versus concentration of
the substrate data. In all cases, a first-order kinetic
dependence was observed at low concentrations of
3,5-DTBC, whereas a saturation kinetics was
observed at higher concentration (Figure 4).
Linearization by using Lineweaver—Burk plot of
1/V versus 1/[S], provided the Michaelis—Menten

constant (Km), maximum initial rate (Vmax) and
turnover number (Kea). The calculated Kinetic
parameters are listed in Table 2. According to their
calculated turnover number values (ke values), the
overall comparison of the complexes based on
catecholase activity suggests that Fe(Il) complex of
Schiff base ligand has the best activity in catalyzing
the oxidation of 3,5-DTBC to 3,5-DTBQ in
methanol solution, with a turnover number (Kca:) of
890.1 h. Also Fe(Il) complexes have been found to
show better catalytic acitivity than those of Cu(ll)
complexes for any ligand.

0,0002 -
0,00018
0,00016 -

0,00014 -
0,00012 -
0,0001 -
0,00008 -
0,00006 -
0,00004 -
0,00002 -

Rate (M.min1)
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= 10000 - 7
£ = 0,995

1/Rate (M-
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1/[3,5-DTBC](M"})
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0,0008
3,5-DTBC (M)

0,0012 0,0016 0,002

Figure 4. Michaelis-Menten and (inset) Lineweaver—Burk plots for [FeL'(H,0).] with 3,5-DTBC in methanol.

Table 2. Kinetic parameters for the oxidation of 3,5-DTBC catalyzed by the prepared complexes.

Complex Vmax (M min) Kwm (M) Keat(h)
[CULL(H.0)2] 5.02x10° 7.6x10° 151.4
[FeL!(H20).] 2.97x10* 8.5x10* 890.1
[CuL2(H20),] 3.51x10° 5.4x10 66.9

[FeL2(H20)4] 6.82x10° 9.1x10* 106.5

4. CONCLUSION

In this paper, we have described the
synthesis and characterization of four new
mononuclear metal complexes with a perimidine
derivative and a Schiff base derivative ligand and
their application in catalytic field. All prepared
complexes have been evaluated for their catecholase
activity potential and they have been observed to
exhibit moderate catecholase activity with turnover
number values ranging from 66.9 to 890.1 h™. To the
best of our knowledge, metal complexes of
perimidine ligand in this study are the first

120

compounds which have been found to show
catecholase acitivity. However, in comparison to
metal complexes of perimidine ligand, Schiff base
metal complexes have better catecholase activity
towards the oxidation of 3,5-DTBC to the
corresponding quinone.

Acknowledgement.  This  study  was
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Scientific Research Projects (MKU BAP) through
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The effects of experimental conditions and polymeric additives on hydroxyapatite (HAP) crystallization were
investigated by wet chemical synthesis. Polyacrylic acid homopolymer and styrene-acrylic copolymer were used as
additive. The obtained HAP powders were characterized by X-Ray Powder Diffraction (XRD), Scanning Electron
Microscopy (SEM), Fourier Transform Infrared Spectroscopy (FTIR) and BET method. Thermal analysis (TG-DTA)
was carried out to investigate the thermal stability of the powders. The result showed that the properties of HAP powders

changed depending on the experimental conditions.

Keywords: Hydroxyapatite; polymeric additives; crystallization; chemical synthesis.

INTRODUCTION

Controlled synthesis of inorganic crystals is
important on material fabrication which requires
particles of specific size, shape and morphology.
Experimental conditions and both organic and
inorganic additives play an important role in
crystallization process. They alter the surface
properties of the crystals which have major effects
on nucleation and growth which leads to change the
shape and properties of the crystal [1].

The calcium phosphate salts is of particular
interest because of its importance in various fields
such as industrial water systems, wastewater
treatment  processes,  agriculture  fertilizers,
biological calcification processes and drug delivery
systems [2-5]. The thermodynamically most stable
phase of calcium phosphate salt is hydroxyapatite
(HAP, Cas(PO4)sOH). HAP properties depend on its
stoichiometry and morphological characteristics
especially its crystal size distribution, crystallinity,
porosity and shape. Therefore recently, the study of
controlling these parameters has gained great
scientific and industrial interest. It was reported that
small changes in these properties have significant
effects on the mechanical properties of HAP crystals
which are further processed to produce ceramics or
incorporated with other materials to produce
biocomposites [6-11].

In this study, the effects of temperature and
polymeric additives on HAP crystallization were
investigated by wet chemical synthesis. Polyacrylic
acid homopolymer (PAA) and styrene-acrylic
copolymer (SAA) were used as additive.

EXPERIMENTAL

Hydroxyapatite powders were prepared from
calcium chloride and potassium dihydrogen

*) To whom all correspondence should be sent:
E-mail: dogano@yildiz.edu.tr
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phosphate solution at specified temperature. During
the crystallization process, the pH was kept constant
in the range of 9-9.5 with additions of 0.1 M KOH
solution. Nitrogen gas was introduced into the
solution to ensure a CO: free atmosphere. In
experiments where additives used, a similar
procedure was followed and the polymer solutions
were added to the reactant solutions. After the
experiment was terminated, the precipitate was
separated and then refluxed for twenty four hours in
its supersaturated solution. At the end of this period,
the powders were filtered, dried and stored in a
desiccator.

Hydroxyapatite powders were sintered by
thermal treatment with a heating rate of 10°C/min
for 3 hours at 650°C, 800°C and 1000°C. The
obtained powders were characterized by X-Ray
diffraction analysis (Phillips Panalytical X'ert Pro),
FTIR spectral analysis (Bruker Alpha P), BET
method (Quantachrome Instruments Autosorb 1),
Scanning Electron Microscopy (JEOL-FEG-SEM)
and thermal analysis (Perkin EImer Pyris Diamond).

RESULTS AND DISCUSSION

X-ray diffraction analysis of the HAP powders
was carried out by Phillips Panalytical X'ert Pro
powder diffractometer. The data were collected in
the 26 range from 20 to 70° at scan rate of 0.020°
step’. XRD pattern of the powders which
synthesized at different temperature are shown in
Figure 1. The grown main phase was identified as
hydroxyapatite by XRD and compared with that of
the JCPDS (01-073-0293) standards. As it can be
seen from Figure 1, that the crystallinity of powders
increases with the increase of synthesis temperature.

The specific surface area of the synthesized
powders samples was determined by nitrogen

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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sorption/desorption isotherms according to multiple
point BET method. The powders were outgassed for
4 h at 40°C. The obtained specific surface areas and
micropore volumes for non-sintered and sintered
HAP powders are summarized in Table 1. As it can
be clearly seen from Table 1, a decrease in synthesis

temperature results in an increase of the specific
surface area, however reactant concentration does
not effect the specific surface area. In addition, the
increase in sintering temperature reduces the specific
surface area.

211

Intensity

Figure 1. X-ray diffraction patterns of HAP powders synthesized at different temperatures.

Table 1. Effect of experimental conditions on the specific surface area of HAP powders.

Samples Tca(mole/L) Synthesis Sintering Specific Surface Micropore

Temperature Temperature Area Volume

6 O (m?g) (mm®/g)
S1 0.5 70 0 34.19 3.39
0.5 70 650 23.04 1.42
0.5 70 800 8.91 0.44
S2 0.5 50 0 62.25 4.49
0.5 50 650 23.78 2.79
S3 0.5 25 0 80.30 7.75
0.5 25 650 19.16 2.03
S4 1 70 0 36.18 2.54
1 70 650 20.12 1.69
S5 0.25 70 0 32.11 1.55
0.25 70 650 20.57 1.87

Purity of the samples was also tested by FTIR
spectral analysis (Figure 2). FTIR spectra of the
powders synthesized at 70°C showed that they
consisted of HAP (S1). But FTIR spectra of the
powders synthesized at 50°C (S2) and 25°C (S3),

showed a weak band at around 2300-2400 cm™,
which was indicating that the dicalcium phosphate
dihydrate (CaHPO4.2H,0) and the dicalcium
phosphate anyhdrate (CaHPO.) are formed in the
structure [12].
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FTIR spectra of the powders synthesized at
different reactant concentration are given in Figure
2. It showed a weak band at around 2300-2400 cm'*
for S3, S4 and S5 samples, which was indicating that

the dicalcium phosphate dihydrate (CaHPO4.2H,0)
and the dicalcium phosphate anyhdrate (CaHPO.)
are formed in the structure [12].
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Figure 2. FTIR spectrums of HAP powders.
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Figure 3. (@) TG, DTA and DTG curves for HAP powders synthesized without polymer addition (b) TG and DTG
curves for HAP powders synthesized with polymer addition.

COs2 ions were detected in the precipitate from
the peaks around 1400 cm™. The presence of CO3?
ions indicates that the HAP formed during reaction
includes some carbonate substituted apatite [7,13].

The stability phase composition of powders was
analyzed by thermal treatment under nitrogen
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atmosphere (Figure 3a). Initially, 2% weight loss
was observed in sample due to moisture. TG analysis
showed a two stage weight loss. The weight loss of
about 1.1% was observed up to temperature 400°C,
which is due to the evaporation of absorbed water
from the surface and lattice water from the surface
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and pores. Removal of the crystalline water may also
take place in this temperature range. A continuous
weight loss over 800°C is attributed to the loss of
water from dehydroxylation of HAP [14,15]. The
weight loss of 16.8% in the range of 120°C to 710°C
temperature that can be seen from Figure 3b shows
that the polymer is removed from the structure.

The obtained specific surface areas and
micropore volumes for non-sintered and sintered
HAP powders which are synthesized in the presence

of wvarying concentrations of polyacrylic acid
homopolymer and styrene-acrylic copolymer are
summarized in Table 2. It can be seen from Table 2,
in the presence of styrene-acrylic copolymer, the
specific surface area of powders does not change
with increasing polymer concentration. However, in
the presence of polyacrylic acid homopolymer, an
increase in polymer concentration results in an
increase of the specific surface area of the crystals.

Table 2. Effect of experimental conditions on the specific surface area of HAP powders in the presence of polymeric

additives.
Samples Polymer Sintering Specific Micropore
P T, (mole/L)  Polymer Concentration ~ Temperature Surfacze Volusme
(ppm) (°C) Area (m /g) (mm /g)
S6 0.5 SAA 5000 0 30.31
0.5 SAA 5000 650 17.43 1.52
0.5 SAA 5000 800 11.68 1.46
S7 0.5 SAA 7500 0 31.32
0.5 SAA 7500 650 23.81 2.63
S8 0.5 SAA 10000 0 29.93 ..
0.5 SAA 10000 650 22.79 2.39
0.5 SAA 10000 800 13.53 1.15
0.5 SAA 10000 1000 8.35 0.34
S9 0.5 SAA 15000 0 30.03 ..
0.5 SAA 15000 650 11.44 1.39
S10 0.5 PAA 2000 0 47.47
0.5 PAA 2000 800 8.94 0.84
S11 0.5 PAA 5000 0 71.84
0.5 PAA 5000 800 7.81 0.32
S12 0.5 PAA 10000 0 108.04

The crystal materials are usually sintered at high
temperature to improve their mechanical properties,
crystallinity and catalytic activity. Because of this
understanding the sintering behavior of crystals that
allows designing ceramics with controlled grain
growth, microstructure and mechanical properties is
important [16,17]. The FTIR spectrums of non-
sintered and sintered powders synthesized in the
presence 15000 ppm styrene-acrylic copolymer (S9)
at different temperatures are given un Figure 4. The
FTIR spectrum of the non-sintered powders showed
the characteristic bands of HAP and styrene-acrylic
copolymer. The FTIR spectrum of the powders
sintered at 650°C showed that the peaks for styrene-
acrylic copolymer around 760 cm* disappears [18].
COs? ions were detected in the precipitate from the
peaks around 1400 cm™. At 1000°C sintering, the
mode of the CO52 at 1400 cm* group disappears in

all samples, which indicates an increase in
crystallinity during sintering processes.

The morphologies of the HAP powders was
analyzed by using SEM. The HAP powders
synthesized at 70°C and sintered at 650°C are
formed agglomerated particles of a needle-like
morphology (Figure 5a). Figure 5b shows the SEM
images of the HAP powders synthesized in the
presence of 15000 ppm styrene-acrylic copolymer
and sintered at 650°C. Significant changes in
morphology were not observed in the presence of
polymers. The precipitated crystals show similar
need-like shape. The powders precipitated at 70°C
have average length of around 171 nm and width 55
nm. For the powders sintered at 650°C, the average
length and width increased to 194 nm and 66 nm
respectively. In the presence of 15000 ppm styrene-
acrylic copolymer, the lengths and width of the
crystals increased to 262 nm and 80 nm respectively.
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Figure 5. SEM of the HAP powders synthesized (a) without polymer addition and non-sintered (b) without polymer
addition and sintered at 650°C (c) with polymer addition and sintered at 650°C.

CONCLUSIONS
The HAP powders were synthesized at different
experimental conditions. Results show that the
crystallinity, specific surface area, micropore
volume and crystal size of the obtained powders
changed depending on the experimental conditions.
The specific surface area and the micropore volume
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of powders increased with decreasing synthesis
temperature while the crystallinity of crystals
decreased. Sintering caused a decrease of the
specific surface area and the micropore volume and
an increase of the particle size and crystallinity. The
particle size increased with addition of polymeric
additives.



O. Dogan, B. Bodur: Investigation of hydroxyapatite morphology at different experimental conditions

Acknowledgements. This study was supported by
Yildiz Technical University Scientific Projects
Coordination (project no: 2011-07-01-yulap02).

REFERENCES

1. M. Oner, O. Dogan, Progress in Crystal Growth &
Characterization of Materials, 50, 39 (2005).

2. B. Sandrine, N. Ange, B.A. Didier, C. Eric, S.
Patrick, J. Hazard. Mater. A, 139, 443 (2007).

3. H. H. Pham, P. Luo, F. Genin, A. K. Dash., AAPS
Pharm. Sci. Tech., 3, 1 (2002).

4. H.-W. Kim, J. C. Knowles, H.-E. Kim, Biomaterials,
25, 1279 (2004).

5. O. Dogan, M. Oner, Langmuir, 22, 9671 (2006).

6. D. K. Son, Y.J. Kim, Materials Sci. Eng. C, 33, 499
(2013).

7. P.Wang, C. Li, H. Gong, X. Jiang, H. Wang, K. Li,
Powder Technol., 203, 315 (2010).

8. 0. Dogan, M. Oner, J. Nanosci. Nanotechnol., 8, 667
(2008).

9.

10.

11.

12.

13.

14,

15.

16.

17.

18.

Y. X. Pang, X. Bao, J. Eur. Ceramic Soc., 23, 1697
(2003).

V.P. Orlovskii, V.S. Komlev, S.M. Barinov,
Inorganic Materials, 38, 973 (2002).

R. I. Martin, P. W. Brown, J. Materials Science:
Materials in Medicine, 6, 138 (1995).

S. Koutsopoulos, J. Biomedical Mater. Res., Part A,
62, 600 (2002).

K. Agrawal, G. Singh, D. Puri, S. Prakash, J.
Minerals&Materials Character. Eng., 10, 727
(2011).

Y. Chen, X. Miao, Biomaterials, 26, 1205 (2005).
D. Malina, K. Biernat, A. Sobczak-Kupiec, Acta.
Biochim. Pol., 60, 851 (2013).

N. Monmaturapoj, C. Yatongchai, J. Metals,
Materials & Minerals, 20, 53 (2010).

Y. C. Teh, C.Y. Tan, S. Ramesh, J. Purbolaksono, Y.
M. Tan, H. Chandran, W. D. Teng, B. K. Yap,
Ceramics-Silikaty, 58, 320 (2014).

M.W. Urban, J.L. Koenig, L.B. Shih, J.R. Allaway,
Applied Spectroscopy, 41, 590 (1987).

127



Bulgarian Chemical Communications, Volume 49, Issue | (pp.128 — 132) 2017

A fibrous solid electrolyte for lithium-ion batteries

S. Erol
Department of Chemical Engineering, Eskisehir Osmangazi University, Eskisehir 26040, Turkey
Received May 26, 2017, Revised September 5, 2017

The new methodology proposed in this work uses oxide filaments/fibers instead of a dense thin film electrolyte,
allowing: (i) straightforward fabrication without the use of costly thin film production techniques, (ii) minor changes in
the existing Li-ion battery production lines, and (iii) better mechanical stability and electrochemical performance.
LizLasZr,012 (LLZO) fibers as an electrolyte were prepared using the electrospinning technique. The crystallographic
phase and morphology of the products was studied X-ray diffraction (XRD) patterns and scanning electron microscopy
(SEM), respectively. The results indicated that the produced electrolyte would be a good alternative of all-solid-state
batteries for electric vehicles in terms of battery safety and performance.

Key words: All-solid-state Li-ion battery; fiber electrolyte; LLZO, battery safety; battery performance

INTRODUCTION

Lithium-ion batteries are currently the dominant
power source for portable electronic devices because
of their high energy density and efficiency. Recently,
there is a strong growing interest to develop large-
scale Li-ion batteries, particularly for electric
vehicles. Developing batteries with high energy
density, safe operation, low cost, and long life is vital
for successful implementation of Li-ion batteries in
automotive industry. All-solid-state Li-ion batteries
have been shown to significantly improve
volumetric energy density, safety, and cycle life;
however, their real-world applications are hindered
by the complex and costly manufacturing processes.
Recognizing this important need, the main objective
of this study is to examine a new scalable and
inexpensive technique for fabrication of an
electrolyte for all-solid-state batteries.

Conventional Li-ion batteries typically consist of
a positive electrode (cathode), a negative electrode
(anode), and a liquid organic electrolyte. During
charge/discharge cycles Li ions migrate through the
liquid electrolyte between the two electrodes. Large-
scale Li-ion batteries face many challenges in terms
of safety, cost, and cycle life. Many of these
challenges are associated with the use flammable
liquid organic electrolytes. The liquid electrolyte can
leak through the containment walls of the battery and
catch on fire. The liquid electrolyte cannot provide a
separation between the cathode and anode; therefor,
polymeric separators need to be used in order to
prevent the battery from a potential short-circuit.
The use of flammable organic liquid electrolytes and
polymeric separators induce serious safety problems
including the risk of fire and explosion. Besides
these safety concerns, the complex packaging

*) To whom all correspondence should be sent:
E-mail: esalim@ogu.edu.tr

remarkably increases the manufacturing cost, and
lowers the energy density by increasing the weight
and volume of the battery packs. In addition, side
reactions and poor thermal stability of the liquid
electrolyte result in a capacity fade, which shortens
the battery cycle life [1].

In all-solid-state Li-ion batteries, the components
are all made up of solid phase. The non-flammability
of the solid electrolyte overcomes the safety problem
of the conventional Li-ion batteries. Since solid
electrolytes neither leak nor vaporize easily, all of
the cell components can be directly stacked in one
container, instead of multiple containers as in the
liquid-containing cells. Therefore, as shown in Fig.
1a, the battery size reduces, and thus the volumetric
energy density significantly improves up to 3 times.
Moreover, solid electrolytes physically separate the
cathode from the anode, eliminating the need for
separators. In addition, solid electrolytes have a
wider range of operating potentials (over 5 V) and
operating temperatures. They can be paired with
certain high-voltage and high-capacity electrodes
that are generally difficult to combine with liquid
electrolytes. The good examples of these electrodes
are lithium metal anodes and sulfur cathodes.
Another feature of solid electrolytes is their single-
ion conduction that suppresses side reactions and
leads to a long battery life. As a result of unity
transference number indicating that Li ions are the
sole charge carriers, there is no concentration
gradient inside the operating cells; thus, the cell
over-potential is negligible. Furthermore, the
capacity fade caused by the continuous
decomposition of the electrode surface in contact
with liquid is avoided [2-4].
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Lithium-ion battery (3.6Vx4)

Package
downsizing

(@)

All-solid-state
battery (14.4V)

(b) Bulk-type battery Thinfilm 3D thin film
liquid electrolyte battery battery

liquid electrolyte
anode cathode

solid electrolyte

separator

(b)

Fig. 1. (a) Improved packaging efficiency by direct stacking of the all-solid-state cells instead of using multiple
containers in liquid-containing cells, (b) A comparison between the Li-ion accessibility in bulk-type liquid-containing
cells, and 2D and 3D all-solid-state thin film batteries.

In summary, solid electrolytes improve safety,
offer higher volumetric and gravimetric energy
densities, and potentially lower the cost of the
battery by increasing the battery life, decreasing the
dead-space in battery packs, and simplifying the
packaging.

Li-ion batteries are the preferred system for large-
scale energy storage, particularly in automobiles.
Most common rechargeable Li-ion batteries are
made using organic liquid electrolytes, which is
currently the major constraint for design and
production of these batteries for large-scale
applications. The liquid electrolyte can leak through
the containment walls of the battery and can catch
fire or cause an explosion due to the flammability of
lithium exposing to air. The replacement of the
organic liquid electrolyte with a more reliable
inorganic solid electrolyte in all-solid-state Li-ion
batteries simplifies the design of these batteries and
improves their durability. Compared to liquid
electrolytes, nonflammable solid electrolytes
significantly improve the safety of the batteries.
Moreover, direct stacking of all-solid-state cells in
one package yields a high operating voltage in a
smaller volume and provides higher energy density.
In order to achieve the potential advantages of solid-
state batteries and to commercialize this class of
batteries, thin films of the solid electrolytes were
developed to provide low resistance for Li-ion
transfer.  Current  vacuum-based  deposition
techniques such as pulsed-laser deposition, atomic
layer deposition, and magnetron sputtering that are
used in laboratory environments and electronics
industry are too costly and therefore do not allow for
scale-up of the process and commercial production
of large-scale batteries. Furthermore, a good contact
between the solid electrolyte and electrode materials
cannot be readily obtained, making it difficult to
fabricate an all-solid-state battery.

The solid electrolyte is the most critical
component in all-solid-state batteries. It should
exhibit a high Li-ion conductivity to facilitate
shuttling of the Li ions between the two electrodes.
Moreover, it should have a low electronic
conductivity to electronically separate the electrodes
and to lower the self-discharge. The chemical
stability in contact with other cell components and
under the operating potential and temperature is
another important property that a solid electrolyte
should possess.

Inorganic solids, particularly oxides, usually
have a low ionic conductivity. The Li-ion
conductivity of lithium phosphorus oxynitride
(LIPON), which is 10® S cm™ with a transference
number of 1 [56], known as a good Li-ion
conductor, is still 4 orders of magnitude lower than
the commercial liquid electrolytes, which have 102
S cm conductivity with a transference number of
<0.5[7]. Therefore, thin films (<200 nm) of the solid
electrolytes were developed to provide low
resistance for Li-ion transfer [5]. In addition to the
low ionic conductivity, the solid electrolyte, unlike
liquids, cannot penetrate through the pores inside the
porous electrodes. Thus, the contact area between
the electrodes and the solid electrolyte is very
limited to, as demonstrated in Fig. 1b. The small
contact area limits the accessibility of ions to the
electrode active sites, resulting in low utilization of
the electrode materials. Various designs of 3D thin
film batteries (Fig. 1b), by providing a larger
macroscopic contact area, could partly address this
issue [8-12]. Currently, the thin film batteries are
fabricated using costly vacuum-based techniques,
such as pulsed-layer deposition, atomic layer
deposition, and magnetron sputtering [6,13-16]. The
concentration of chemicals and point defects is the
most critical factor in obtaining ideal electrical
properties, while an exact stoichiometric control is a
challenging task in most thin film preparation
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techniques. Scaling down the film thickness also
magnifies issues such as electrical short through
pinholes in the film and poor electrical conductivity
at the interfaces. Therefore, the complex design of
thin film batteries limits the scale-up and
commercial production of large-scale solid-state
batteries. As film thickness is increased, maintaining
a strong bond between each of the films and the
supporting substrate becomes more difficult. Thus,
the poor mechanical stability, even more than the
electrical resistance, dictates the design and
maximum energy per unit area of the film batteries
[17].

There have been extensive attempts in finding
solid materials with Li-ion conductivity to avoid
using thin electrolyte layers and costly vacuum
technologies. As a result, a number of promising
compounds have been introduced. A summary of
advantages and disadvantages of each compound is
depicted in Table 1. The recently reported sulfide
compounds [3] exhibit significantly a high Li-ion
conductivity (102 S cm™) that is comparable to that
of liquid electrolytes. However, the instability of the
sulfide glasses in direct contact with lithium and the
hygroscopic feature of sulfide compounds can
constraint their application.

Table 1. Examples of Li-ion conducting inorganic compounds considered as electrolyte material in all-solid-state

Li-ion batteries.

Groups of materials

Example(s): Li-ion conductivity

Advantages & Disadvantages

Sulfides  Sulfide glasses  Lil-Li2S-X (X: P2Ss, B2Ss, SiS»): Pros: high ionic conductivity in the absence
2x10% S cm? [18-20] of transition metal oxide (wide
Crystalline Li1oGeP2S;12 (Thio-LISICON): electrochemical ~window), low grain
sulfides 1.2x102S cm? [21] boundary resistance even in a cold-pressed
Glass-ceramic  Li;S-P,Ss: 3.2x10% S.cm®[22,23]  pellet (convenient for the bulk-type
sulfides batteries). Cons: low chemical stability in
air, synthesis under controlled atmosphere,
instability against Li metal, high resistance at
the LiCoOy/sulfide interface
Oxysalts NASICON-  Al-doped LiTi2(PO4)s (LTP): 3x10°  Pros: stability in air and water, high
type 3Scmt[5] electrochemical stability (1.8-6 V); Cons:
instability against Li (reduction of Ti at low
potentials) [24,25]
v-LisPOg4-type  Amorphous lithium phosphorus Pros: wide electrochemical potential
oxynitride (LIPON): 2x10%Scm?  window (0-55 V). Cons: sufficient
[26] conductance and mechanical stability only
when thinner than 2 zm [6,27]
Oxides Perovskite- LisxLagss)xTiOz (LLTO) with Pros: stability in dry and wet atmosphere,
type modified grain boundaries: 1x10 high electrochemical stability (1.8-8 V),

S cm [28,29]

stability over a wide temperature range,
negligible electronic conductivity. Cons:
instability against Li (reduction of Ti at low
potentials), high grain boundary resistance

Garnet-type
Scm™ [30]

Li7La32r2012 (LLZO)Z 8.7x10*

Pros: low grain boundary resistance,
excellent chemical stability (stability against
Li), wide electrochemical potential window
(0-9 V) [31]

EXPERIMENTAL

Fabrication of the electrolyte in the form of fiber,
whisker, and/or filament was performed using the
electrospinning technique. This technique is widely
used for fabricating fibers from a wide range of
materials, including oxysalts, oxides, and sulfides,
with diameters ranging from several nanometers to
micrometers and lengths up to several millimeters.
The process is based on the unidirectional elongation
of a spinnable viscoelastic solution by considering
various parameters involved in the electrospinning
process [32]. For the experiments, a solution
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containing the stoichiometric amount of oxide
precursors  (lithium acetate, zirconium, and
lanthanum nitrate hexahydrate), acetic acid, and
granular polyvinylpyrrolidone (PVP) dissolved in
ethanol were drawn into a 15-gauge syringe with a
blunt-tip stainless steel needle that was placed 15 cm
from the collector. The ceramic precursor to PVP
ratio was 1:2. During electrospinning, a positive
voltage of 20 kV was applied to the needle, and the
solution feed rate of 0.1 mL h™* was maintained using
a syringe pump. The schematics of the
electrospinning process are illustrated in Fig. 2.
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Fig. 2. Schematic representation of electrospinning process.
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Fig. 3. Microscopic images of spun LLZO fibers (a) before calcination and (b) after calcination. The scale bar in (b) is
100 px (40 um), and the scaling is same for both images.
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Fig. 4. X-ray diffraction patterns for LLZO sample.

The obtained inorganic-organic composite fibers
were collected on an ash-less filter paper. The paper
was placed on the metal collector, which was an
aluminum foil. The fibers and the ash-less paper
removed from the collector after the electrospinning
process and dried at 80 °C for 12 h. Then, the spun
fiber was calcined at 900 °C to obtain the final oxide
fiber. The crystallographic phase and morphology of
the calcined fibers was studied X-ray diffraction
(XRD) patterns and microscopic images. Various
parameters that can heavily influence the

morphology of the fibers, including processing
parameters (the applied electric potential, the
solution rate, the diameter of the syringe and the
needle, the syringe tip-to-collector distance, and the
calcination temperature) and solution parameters
(viscosity, pH, and the precursor to PVP ratio) were
all investigated by repeating the experiments several
times, and the parameter values were optimized as
mentioned above.

131



S. Erol: A fibrous solid electrolyte for lithium-ion batteries

RESULTS AND DISCUSSION

Microscopic images of spun LLZO fibers before
calcination and after calcination are shown in Fig. 3.
The images reveal that the fibrous structure was
maintained an even improved after the calcination
process.

The XRD patterns of the calcined LLZO sample
is demonstrated in Fig. 4. This specific pattern shows
that the LLZO obtained in this study is in cubic
structure. The cubic LLZO has higher conductivity
than that of tetragonal.

The microscopic images and XRD results suggest
that the fabricated LLZO fibers are ready to be used
as an electrolyte for all-solid-state Li-ion batteries.

CONCLUSION AND FUTURE WORK

Electrospinning is an easy and inexpensive
method to form electrolyte fibers, filaments, or
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Molecules of benidipine: experimental and theoretical investigation
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In the search for a plausible mechanism for the photocatalytic degradation reaction of BEN, DFT reactivity
descriptors were employed to have information about the most susceptible sites for hydroxyl radical attack. Subsequently,
the lowest energy status was found out through geometric optimization via Gaussian 09 programme. This study aims to
determine the most probable path for the product distribution of transition state complexes and OH radical interaction in
gas phase and aqueous media. With the aim to determine the intermediates occurring at the reaction of transition state
complexes degradation, geometric optimization of the reactant and transition status complexes were realized through
semiempirical AM1 and PM3, ab initio Hartree-Fock HF/3-21G, HF/6-31G* and Density Functional Theory (DFT)
methods. Based on the Quantum mechanical calculation, all probable rate constants of reaction paths were calculated by
using Transition State Theory (TST). The impact of water solvent was investigated by using COSMO as the solvation

model.

Keywords: benidipine; DFT; COSMO; Gaussian 09; hydroxyl radical.

1. INTRODUCTION

Benidipine HCI (BEN), (%)-(R")-3-[(R’)-1-
benzyl-3-piperidyl] methyl 1,4  dihydro-2,6-
dimethyl-4-(m-nitrophenyl)-3,5-
pyridenecarboxylate hydrochloride is a
dihydropyridine-derived calcium channel blocker
with general properties similar to those of nifedipine.
It has relatively high vascular selectivity and is
expected to show protective effects on vascular
endothelial cells. It is used orally in the management
of hypertension and angina pectoris [1,2]. In this
Benidipine molecule. Various analytical procedures
have been reported for the determination of BEN.
They include cyclic voltammetry, liquid
chromatography [3], tandem mass spectrometry,
capillary column gas chromatography [4], negative
ion chemical ionization mass spectrometry [5] and
spectrophotometric methods [6]. Tipre and Vavia
developed validated stability indicating HPLC (A),
HPTLC (B) and spectrophotometric (C) method for
the estimation of nitrendipine and the stability
indicating capability of the assays were proved using
forced degradation, by exposing drug solution to
sunlight, acidic and alkaline medium [7]. Canavesi
et al., were examined validation and development of
a stability-indicating LC-UV method for the
determination of pantethine (PAN) and its
degradation product based on a forced degradation
study. The method showed linearity for PAN (0.4-
1.2 mg mLY), methyl-p-hydroxybenzoate (MHB),
propyl-p-hydroxybenzoate (PHB) (0.4-1.2 pg mL™)
and in the this work the chemical stability of PAN
was for the first time established through a forced
degradation  study  followed by  liquid

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

chromatography tandem mass  spectrometry
investigation showing the formation of three
degradation products of PAN (PD1, PD2 and POx)
arising from hydrolytic, thermal and oxidative
stresses. PD1 (2.5-100 pg mL™?); the precision,
determined in terms of intra-day and inter-day
precision, expressed as RSDs, were in the ranges
0.4-1.2 and 0.7-1.4, respectively. The method
demonstrated to be accurate and robust; indeed the
average recoveries were 100.2, 99.9, and 100.0% for
PAN, MHB and PHB, respectively, and 99.9% for
PD1 [8]. A rapid and gradient high-performance
liquid chromatography combined with quadrupole
time-of-flight electrospray ionization tandem mass
spectrometry (LC/Q-TOF-ESI-MS/MS) method has
been developed for the identification and structural
characterization of stressed degradation products of
tamsulosin. The drug was degraded significantly
under hydrolytic (base and neutral), thermal,
oxidative and photolytic conditions, while it was
stable to acid hydrolytic stress conditions by
Namdev et al. [9] Kamila et al were examined a
simple, sensitive and accurate uv
spectrophotometric method was developed for the
assay of nebivolol hydrochloride in raw material and
tablets. The absorbance was measured at 282 nm for
nebivolol hydrochloride tablet solution. The
linearity range was found to be 5-50 pg/mL for the
drug [10]. The International Conference on
Harmonization (ICH) guideline entitled ‘stability
testing of new drug substances and products’
requires that stress testing be carried out to elucidate
the inherent stability characteristics of the active
substance [11]. In the present analytical work, we
have developed and compared new, simple and
reproducible stability indicating spectrophotometric
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methods for the estimation of BEN. The stability
indicating capability of the assays is proved using
forced degradation, by exposing drug solution to
acidic, alkaline and oxidative medium. The aim of
this work was to develop stability methods for
estimation of percentage degradation of BEN.
Therefore in the present investigation, an attempt has
been made to develop an accurate, simple and an
economic UV method for the estimation of BEN in
tablet formulation and validated for accuracy,
linearity and stability to forced degradation studies
according to the prescribed procedures mentioned in
ICH guidelines. Modern pharmaceuticals consist of
small organic molecules that are moderately water
soluble as well as lipophilic to be biologically active.
Among the groups of pharmaceutical compounds of
greatest environmental interest are antibiotics due to
their extensive use for the treatment of bacterial
infections in the whole world. The most dangerous
effect of antibiotics is the development of multi-
resistant bacterial strains that can no longer be
treated with the presently known drugs [12]. After
the administration, antibiotics are absorbed,
metabolized and finally excreted from the body as
unchanged or as metabolites. Metabolism reactions
introduce functional groups that are attached to drug
molecules to yield polar and hydrophilic molecules
that can be readily excreted in urine and feces
[13,14]. Thus, they subsequently enter into sewage
treatment plants. However, polar antibiotics are not
completely removed in sewage treatment plants. As
a result, they are often present in effluents from
sewage treatment plants as well as in surface and
groundwater, where they have to be removed.

2. EXPERIMENTAL
2.1. Instrument and materials

The instruments used were Shimadzu 2600
double-beam UV/Visible spectrophotometer. All
chemicals and reagents used were of analytical
grade. BENwas kindly provided by Deva (Istanbul,
Turkey). Coniel tablets (4 mg) (Deva, Tekirdag, TR)
was purchased from a local pharmacy.

2.2. Methods

2.2.1. UV Spectrophotometric method of BEN.
In our previous studies, we have developed and
validated the UV spectrophotometric method of
BEN. This method was used to study the stress
degraded behavior of BEN.

2.2.2. Preparation of standard stock solution. A
stock solution of BEN was prepared in methanol at
1 mg mL%. This stock solution was further diluted
with methanol to obtain working solutions of 100
pg mL2,
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2.2.3. Preparation of calibration curve.
Aliquots of 1-3.5 mL portion of stock solutions were
transferred to series of 10 mL volumetric flasks, and
the volume made up to mark with methanol.
Solutions were scanned in the range of 200- 800 nm
against blank. The absorption maxima values were
found at 357 nm against blank. The calibration curve
was plotted.

Forced degradation studies

A stock solution containing 1 mg BEN in 10 mL
methanol was prepared. This solution was used for
forced degradation to provide an indication of the
stability-indicating property and specificity of the
proposed method. In all degradation studies, the
absorbance of the drug was measured at 357 nm and
the amount of degraded drug was calculated.

2.2.4. Acid and base induced degradation. Acid
decomposition studies were performed by using 0.1
mol L, 0.5 mol L, and 2 mol Lt HCI, and basic
decomposition studies were performed by using 0.1
mol L%, 0.5 mol L'! and 2 mol Lt NaOH. The
concentration of BEN was 10 pg mL™ for both acid
and base degradation studies. The studies were
carried out at 70°C in water bath within 2, 4, and 6
h.

2.2.5. Oxidative degradation. To study hydrogen
peroxide-induced degradation, initial studies were
performed in 30% hydrogen peroxide at room
temperature for 22 h. For the spectroscopic studies,
the resultant solutions were scanned between 800
and 200 nm and the absorbance was taken. The
studies were carried out at room temperature within
2,4, and 6 h in dark.

2.2.6. Neutral hydrolysis.  To study the
degradation behavior of BEN under neutral
conditions, it was dissolved in distilled water and the
solution was kept for 2, 4 and 6 h.

2.2.7. Procedure for tablets. Ten tablets of BEN
were accurately weighed and the average weight of
tablet was calculated. The tablets were crushed well
to a fine powder. A portion of the powder equivalent
to 100 mg BEN was transferred into a 100 mL
calibrated flask and dissolved in 50 mL of methanol.
The contents of the flask were sonicated for 30
minutes and then completed to volume methanol.
The contents were mixed well and filtered; the first
portion of the filtrate was rejected. An aliquot was
used for the determination of each drug according to
the procedure mentioned above. This solution was
prepared three times and the absorbance of each
solution was determined at 357 nm. All
determinations were conducted in triplicate.

2.2.8. Method validation. The accuracy and
precision of the assay, as well linearity of the
calibration curve, were determined. The absorbance
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of each solution was determined at 357 nm. The
standard graph was plotted by taking concentration
of drug on x-axis and absorbance on y-axis. All
determinations were conducted in triplicate.

3. COMPUTATIONAL SET-UP

Geometry optimization of the reactants, the
product radicals, pre-reactive and transition state
complexes were performed with the DFT method
within the Gaussian 09 package [15]. DFT methods
use the exact electron density to calculate molecular
properties and energies, taking electron correlation
into account. They do not suffer from spin
contamination and this feature makes them suitable
for calculations involving open-shell systems. The
DFT calculations were carried out by the hybrid
B3LYP functional, which combines HF and Becke
exchange termswith the Lee-Yang—Parr correlation
functional.

Choice of the basis set is very important in such
calculations. Based on these results, optimizations in
the present study were performed at the B3LYP/6-
31G(d) level. The forming C-O bonds in the
addition paths and the H-O bond in the abstraction
path were chosen as the reaction coordinates in the
determination of the transition states. Ground-state
and transition-state structures were confirmed by
frequency analyses at the same level. Transition
structures were characterized by having one
imaginary frequency that belonged to the reaction
coordinate, corresponding to a first-order saddle
point. Zero-point vibrational energies (ZPEs) were
calculated at the B3LYP/6-31G(d) level [16].

4. RESULTS AND DISCUSSION

The overlay graph of 10 pug mL™ BEN is shown in
Fig.1.

Absorbance

20000 25,00 00,00 30.00 400,00

Wavelenght / nm

Fig 1. The overlay graph of 10 pg/mL BEN.
4.1. Linearity and calibration curve

The linearity range was found to be 10-35 pg mL™.
The absorbance of each solution was determined at
357 nm. The calibration curve is shown in Fig. 2 and
Table 1. The equations of the calibration curves are
as in the following:

y = 0.0165x-0.0053 (r? = 0.999)

where y is absorbance intensity and x is BEN
concentration (ug mL™?).

0.7 -
y=0,0165x-0,0053

06 -
R2=0,999

Absorbance
o ©
= [#}

= o
M~ s

=]
H

10 20 30 40
Concentration / pg L.

Fig.2. Calibration graph of BEN hydrochloride.

Table 1. Optical characteristics and statistical data.

Parameters Value

Linearity (ug mL™?) 10-35

Regression equation y =0.0165x — 0.0053
Slope 0.0165

Slope £ SD 0.0165 + 0.00092
Intercept 0.0053

Intercept £ SD 0.0053+ 0.00743
LOD (ug mL™Y) 1.56

LOQ (ug mL™Y) 4.69

4.2 .Limit of detection and limit of quantification

The limit of detection (LOD) and limit of
guantification (LOQ) were calculated according to
the current ICH guidelines [17]. LOD and LOQ were
calculated. Linearity range, regression equation,
correlation coefficient, LOD and LOQ (n=3) from
the equation of (standard deviation of
intercept)/(slope of regression equation) by
multiplying 3.3 and 10, respectively. LOD and LOQ
values were calculated as 1.56 and 4.69 pg mL*,
respectively.
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4.3. Precision and accuracy

Accuracy and precision of the assay was
determined by intra-day and inter-day for 3
consecutive days. Three different concentrations of
BEN were analyzed in six independent series in the
same day (intra-day precision) and 3 consecutive
days (inter-day precision). The accuracy and
precision of the method was expressed by relative
mean error (RME %) and by relative standard
deviation (RSD %), respectively. Intra- and inter-
day precision and accuracy were calculated by
measuring the amount of BEN in three times of 30
ug mL* concentration levels. The intra-day accuracy
ranged from 1.42 % and the inter-day accuracy
ranged from 2.62%. The intra-day precision ranged
from 0.7, and the inter-day precision ranged from
1.4%.

4.4. Pharmaceutical application

The proposed method was successfully applied to
pharmaceutical preparation (Table 2). The
determination of BEN tablets, Coniel 4 mg were
analyzed at 357 nm against blank. From the
calibration curve, concentration of drug in
percentage was calculated. The recovery was found
to be 100+0.05 %.

Table 2. Analysis of benidipin hydrochloride in tablets.

Tablet Labeled Amount Assay+SD% RSD
claim found %
(mg)  (mg)
4.00 4.00 100 + 0.05 0.88

4.5. Forced degradation studies

4.5.1. Acid degradation. The acid degradation
was performed using 0.1 mol L, 0.5 mol L%, and 2
mol Lt HCI. The overlay graph of 10 pg mL™* acid-
degraded BEN is shown in Fig.3. BEN is degraded
within 2, 4 and 6 h. The percentage of degraded drug
was calculated. The results are shown in Tables 3-5.
4.5.2. Alkaline degradation. The alkaline
degradation was performed using 0.1 N, 0.5 N, and
2 N NaOH. The overlay graph of 10 pg/mL
alkaline-degraded BEN is shown in Fig.3. BEN is
degraded within 2, 4 and 6 h. The percentage of
degraded drug was calculated. The results are
shown in Table 6-8.

45.3. Neutral degradation. The neutral
degradation was performed. The overlay graph of
neutral-degraded BEN is shown in Fig. 3. BEN is
degraded within 2, 4 and 6 h. The percentage of
degraded drug was calculated. The results are shown
in Table 9.
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Table 3. Acid degradation (0.1 mol L HCI) of
Benidipine hydrochloride

Name Absorbance Concentration  Degradation

mg %

Analyte 0.168 10.5 0
at2h

Analyte 0.154 9.65 3.5
at4h

Analyte 0.150 9.41 5.9
at6h

L] :

— (.INHl
—— D5NHO

— 20N HC
— (1N HE0H
= 15N NaOH
2.0N Ha0H
Distilled water

Absorbance

00% | !
200,00 40000 00,00 400,00

Waveleaght / nm

Fig.3. Overlay graphs of BEN hydrochloride degraded
(acidic, alkaline degradation) within 6 h.

Table 4. Acid degradation (0.5 mol L HCI) of
Benidipine hydrochloride

Name Absorbance Concentration  Degradation

mg %
Analyte 0.159 9.96 0.4
at2h
Analyte 0.152 9.53 4.7
at4h
Analyte 0.145 9.11 8.9
at6h

This proved that there is degradation of BEN
under heat conditions. The proposed method has
good reproducibility, accuracy and revealed that the
commonly used excipients and additives in
formulation were not interfering and the drug is
stable to acid and oxidative treatments. The method
can be adopted for routine quality control.



A. Karasakal et al.: Molecules of benidipine:

Table 5. Acid degradation (2 mol L HCI) of Benidipine
hydrochloride

Name Absorbance Concentration  Degradation
mg %
Analyte 0.137 8.62 13.8
at2h
Analyte 0.122 7.72 22.8
at4h
Analyte 0.099 6.32 36.8
at6h
45.4. Oxidative degradation.  Oxidative

degradation was performed by using 30% hydrogen
peroxide. BEN is degraded within 22 h. The
percentage of degraded drug was calculated. The
results are shown in Table 10. Fig 4 shows overlay
graph of BEN degraded (oxidative) within 22 h at
room temperature in dark. This proved that there is
degradation of BEN under heat conditions. The
proposed method has good reproducibility, accuracy
and revealed that the commonly used excipients and
additives in formulation were not interfering and the
drug is stable to acid and oxidative treatments. The
method can be adopted for routine quality control.

0600
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Fig.4. Overlay graph of BEN hydrochloride degraded
(oxidative) within 22 h at room temperature.

Table 6. Alkaline degradation (0.1 mol L NaOH) of
Benidipine hydrochloride

Name  Absorbance Concentration Degradation
mg %
Analyte 0.147 9.23 7.7
at2h
Analyte 0.141 8.87 11.3
at4h
nalyte 0.130 8.20 18.0
atéh

experimental and theoretical investigation

4.6. Theoretical prediction of the degradation
mechanism

In the search for a plausible mechanism for the
photocatalytic degradation reaction of BEN, DFT
reactivity descriptors were employed to have
information about the most susceptible sites for
hydroxyl radical attack. Fig. 5 shows the optimized
structure of BEN molecule and the numbering
system that is used throughout the calculations.
Three main competing reaction pathways shown in
Fig. 6 were determined by selecting the specific sites
of BEN 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. The
lowest-energy structure is the most stable structure.
Statements in this fragmentation took place both
experimental and theoretical, as seen from the Gibbs
free energy values of Table 11 and support it.

Table 7. Alkaline degradation (0.5 mol L' NaOH) of
Benidipine hydrochloride

Name  Absorbance Concentration Degradation
mg %
Analyte 0.133 8.38 16.2
at2h
Analyte 0.113 7.17 28.3
at4dh
Analyte 0.095 6.02 39.2
at6 h

Table 8. Alkaline degradation (2 mol L** NaOH) of
Benidipine hydrochloride

Name  Absorbance Concentration Degradation
mg %
Analyte 0.114 7.23 27.7
at2h
Analyte 0.082 5.29 47.1
at4h
nalyte 0.057 3.78 62.2
atéh

Table 9. Neutral degradation of Benidipine
hydrochloride

Name  Absorbance Concentration Degradation
mg %

Analyte 0.114 10.5 0
at2h

Analyte 0.082 10.3 0
atdh

Analyte 0.057 9.84 1.6
at6h
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Fig. 5. Optimized structure of BEN and the numbering
system (gray, carbon;red, oxygen; blue, nitrogen; white,
hydrogen).

Table 10. Oxidative degradation (30% hydrogen
peroxide) of Benidipine hydrochloride

Name Absorbance Concentration  Degradation

mg %

Analyte 0.144 9.05 9.5
at22h

Three main competing reaction pathways shown
in Fig. 6 were determined by selecting the specific
sites of BEN 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. The
lowest-energy structure is the most stable structure.
Statements in this fragmentation took place both
experimental and theoretical, as seen from the Gibbs
free energy values of Table 11 and support it.

Table 11. Constant energy, enthalpy and Gibbs free energy values according to the DFT method.

Molecules Energy (kcal mol?) Enthalpy (kcal mol™) Gibbs free energy (kcal
mol?)
Benidipine -1069012.515 -1068609.154 -1068676.829
F1 -926021.799 -925648.345 -925709.257
F2 -742038.567 -741798.939 -741847.870
F3 -327727.700 -327551.055 -327582.649
F4 -72611.831 -72692.532 -72709.473

’u

"3?'.?’1 s ‘pa
@ 9 f 3

e®
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Fig. 6. Possible pathways for the photocatalytic degradation of BEN.
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5. CONCLUSIONS

Stress degradation study of BEN was done using
UV spectrophotometric method. The method was
found to be simple and cost effective. It was found
that BEN was degraded in acidic, alkaline and
oxidative conditions. This method also provides
guantification of BEN in presence of degraded
products. Degradation of BEN was predicted to
occur through intramolecular F1, F2, F3 and F4 ring
cleavages followed by subsequent reactions with
*OH radicals transforming the fragments into

smaller species such as NOz ~ and NH.*.
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It is well known that advanced ceramics from polymer precursor have been producing upon heating under an ambient
and inert atmosphere, like argon or nitrogen gases over 40 years. However, the effect of these gases on the production
and on the crystal form of ceramic obtained are not well understood during thermal treatments. Here, we report to
demonstrate a novel, simple and a common method for the production of crystalline SiC ceramic species using a polymeric
precursor, which is poly(silyne-co-hydridocarbyne) (PSC), upon heating under an ambient and CO, atmosphere. The
Raman and X-ray analysis showed that polycrystalline SiC production was successfully achieved at 1000 and 750°C
under CO; atmosphere. Amorphous ceramic material was obtained at 500°C under CO; atmosphere. Also, the results
showed that SiC powder produced under CO; has not crucial differences in crystal forms that is produced under argon
atmosphere. SiC produced at 1000°C is mostly Moissanite-5H, at which temperature there is also a small amount of
Moissanite-8H and Moissanite-84R. SiC produced at 750°C is mostly Moissanite-5H. There is also the trace of Moganite
and Coesite, which are crystal forms of SiO. As a result, the type of produced SiC depends on process temperature and

production atmosphere.

Keywords: Electropolymerization; pre-ceramic polymer; silicon carbide; ceramic

1. INTRODUCTION

Organo-silicon compounds have been widely
recognized over 40 years as polymeric precursors for
the production of advanced ceramics. Unlike the
conventional synthesis procedures, they can be
adopted to plastic-forming techniques such as fiber
spinning, foaming, extrusion, injection molding or
resin transfer molding to generate some special
components in desired shape, or advanced ceramics
known as polymer-derived ceramics or PDCs by
pyrolysis above 750°C, especially under a non-
oxidative atmosphere like nitrogen or argon
atmosphere [1-12]. Pre-ceramic polymers are an
important class of polymers since they stand as the
interface between polymers and ceramics [2, 3, 10].
They easily produce ceramic materials upon
moderate heating. Generally, the most crucial
properties of these types of polymers are to form
tough, hard-wearing ceramic materials with high
thermal stabilities. A many kinds of ceramics that is
not achievable by other techniques can be produced
by using polymeric precursors. The composition of
ceramic strictly depends on the nature and chemistry
of polymeric precursors [1-12]. For example, an
amorphous SiCO residue is produced from silicones
upon heating in a non-oxidative atmosphere, which
is considered as a silica glass [5-8]. Polysilazanes,
another well investigated class of preceramic
polymers, yield a SICN ceramic at low pyrolysis
temperature and after further heating to higher
temperatures a similar microstructural evolution in

*) To whom all correspondence should be sent:
E-mail: ynur2005@gmail.com
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materials will take place to form SisN4 and SiC nano-
sized regions [9]. Moreover, PMSi forms silicon
carbide (SiC) [10,11], or PHC easily yields diamond
and diamond-like carbon (DLC) [12] via pyrolysis
under argon atmosphere. Likewise, since it already
contains silicon and organic carbon atoms on its
backbone, poly(silyne-co-hydridocarbyne) (PSC)
can be transformed into silicon carbide without
requiring additional carbon source and a catalyst [2].

Silicon carbide (SiC) is a wide band gap semi-
conducting material and exhibits many excellent
properties for high temperature, high frequency and
high power applications. SiC has extensive usage
such as in field emission display, nanosensors and
nanoscale electro-devices [7]. Besides, SiC is used
an abrasive and a wear resistant material in the form
of powder or protective coatings, and also widely
used in high temperature and high power electronic
devices. In addition, amorphous SiC thin film has
been recently used as a functional material for
micro-electro-mechanical systems (MEMS) to
prevent corrosion [8, 9].

The synthesis of silicon carbide (SiC) is
accomplished with methods such as carbon
nanotubes-confined growth [13], chemical vapor
deposition (CVvD) [14] and carbon-thermal
reduction with catalyst [15] or without catalyst [16]
etc. However, the most of these synthetic approaches
comprise  of complicated processes and
manipulations. For example, it is quite difficult to
get rid of the resident metal catalyst from the vapor—
liquid—solid growth process, or CVD needs some
complex  equipment  with  well-controlled

© 2017 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria
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atmosphere. The method for the production of
ceramics via pyrolysis using polymeric precursors
has been applying since 1970’s [17]. The advantages
of this method are to be low impurity level and low
cost production, to yield homogeneous element
distribution, and to need low processing
temperatures [2, 3, 10-12]. SiC can also be formed
as a film upon heating on a surface because
polymeric precursors are soluble in common organic
solvents like, THF or chloroform etc [2, 3, 10-12].

)

In this research project, PSC was synthesized and
characterized as reported in references 2 and 3 and
its structure is presented in Figure 1. Advanced
ceramic, like SiC, is mostly produced via thermal
process of polymeric precursor under an inert media
i.e. argon (Ar) or nitrogen (N2) gas during thermal
process [1-12]. In this article, it is aimed to
investigate the type of SiC produced from PSC upon
heating under CO. atmosphere. There is no such a
work to demonstrate the production of SiC under
CO; atmosphere.

Fig. 1. Schematic representation of structure of poly(silyne-co-hydridocarbyne).

2. EXPERIMENTAL

2.1 Materials and methods
The reagents were bought from Sigma-Aldrich and
used without further purification. The chemicals and
materials used are trichloro(dichloromethyl) silane
(96%), dimethoxy ethane (DME, anhydrous,
99.5%), tetrabutylammonium tetrafluoroborate
(TBAFB, 99%), lithium aluminum hydrate (LAH,
powder, 95%), methyl lithium (MeLi, 3.1 M in
diethoxymethane), 430 stainless steel and copper
electrode.
2.2. Equipment

The electrolysis of monomer was done via a DC
power supply. *H Nuclear Magnetic Resonance (*H-
NMR) spectra were obtained using a Bruker-
Spectrospin Avance DPX 400 Ultra-Shield (400
MHz, CDCl; solvent). Attenuated Total
Reflectance-Fourier Transform Infrared (FTIR)
spectra were collected using a Bruker Vertex 70
spectrophotometer by an Attenuated Total
Reflectance (ATR) module. UV/visible spectra were
taken using an HP8453A UV/visible spectrometer
(Hexane  as  solvent). Gel Permeation
Chromatography (GPC) was performed by a Perkin-
Elmer Series 200 apparatus with a refractive index
(RI) detector using TSKgel AM GPC Gel column
and N,N-dimethyl form amide (DMF) eluent at a
flow rate of 1.0 ml/min and calibrated via

polystyrene standards. Heat treatment of the polymer
was carried out in an alumina ceramic boat using
Protherm brand PTF12/50/450 model a tube furnace
fitted with an alumina tube under a constant flow of
carbon dioxide (CO2). FElI Quanta 250 FEG
instrument was run for Scanning electron
microscopy (SEM). Raman spectroscopy was
carried out using a Bruker FRA 106/S spectrograph
fitted with a He-Ne laser (wavelength 532 nm) as the
excitation source. X-ray diffraction (XRD) patterns
were taken with a Rigaku Miniflex Diffractometer
and CuKa (30 kV, 15 mA, A=1.54051 A) radiation.
Scanning was done between 5°<20<100-. All
measurements were made with 0.05 degree steps and
2 degree/minute rate. The divergence slit was
variable, and the scattering and receiving slits were
4.2 degrees and 0.3 mm, respectively.

2.3. Synthesis of poly(silyne-co-hydridocarbyne)
The synthesis and characterization of PSC was
performed as reported in references 2 and 3. Shortly,
electrochemical synthesis of PSC was accomplished
in 250 ml of an undivided cell. A 2 ml of
trichloro(dichloro methyl) silane (0.007 M, in 60 ml
DME) and 200 mg of TBAFB (0.01 M, in 60 ml
DME) was mixed in 60 ml of DME to prepare
electrolyte solution while it was purged with Ar. The
cell was equipped with a 430 stainless steel as the
cathode (10 cm X 5 cm x 0.5 mm) and copper as the
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anode (10 cm x 5 cm X 0.5 mm). —8.0 V potential
was applied to achieve the electrolysis for 8 h at
room temperature and under Ar atmosphere. Once
the electrolysis was finished, 150 mg of LAH was
added to the solution and refluxed for 12 h. After
evaporation of solvent and then re-dissolving the
residue in DME, 4 ml of MeLi (3.0 M in DME) was
added dropwise into this solution to replace chlorine
atoms with methyl substituents, which makes PSC
resistant against moisture being in the air by
increasing hydrophobicity of the polymer backbone.
The polymer formed was a light-brown powder and
about 70% yields as reported in references 2 and 3.

2.4. Synthesis of SiC

SiC was synthesized and characterized as reported in
previous works [2,3, 10-12]. Shortly, PSC was put
into alumina ceramic boats and then heated at
1000°C, at 750°C and at 500°C in a tube furnace
under CO,, at a ramp rate of 10°C/min, held for 24 h
to produce SiC and then cooled to room temperature.
The crystalline SiC obtained was about 25% vyields.
All SiC samples were characterized by Raman, X-
ray spectroscopy and SEM.

3. RESULTS AND DISCUSSION

3.1 Poly(silyne-co-hydridocarbyne)
The network structure of PSC with tetrahedral
bounded carbon and silicon atoms is presented in
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Fig. 1. Like polycarbynes and polysilynes, PSC can
be easily converted to SiC ceramic unless it has any
functional groups like double bound which gives an
intense absorption band in the visible region [2, 3,
10, 11]. UV/Vis spectroscopy, hence, was used to
figure out whether the polymer has or not a
functional group on its backbone. The characteristic
structure of PSC results in a unique electronic
spectrum with broad absorption starting in the
ultraviolet (UV) region (at ~200 nm) tailing off the
visible region (Fig. 2a) [2,3]. A small amount of
aliphatic SiHx (1-3) and CHx (x: 2—3) groups on the
backbone cause some weak absorptions appearing in
the visible region (Fig. 1a), which may explain the
dissolution of PSC in common solvents. FTIR
spectrum of PSC (Fig. 2b) showed the usual broad
Si-C absorption (3Si-C) at ~750 cm™, which is the
combination of the peaks at 770 (antisym), 688
(sym) and 650 cm™ [2,3]. A peak at ~1450 cm™ is
due to Si-CHs; and Si-CH,- absorptions [2, 3, 10, 11].
FTIR of PSC (Fig. 2b) is consistent with a primarily
network backbone structure of the formula (SiCH)n.
All characterization data for PSC shown here is
consistent with the product being poly(silyne-co-
hydridocarbyne), [(SiCH)n]. The *H-NMR of PSC is
shown in Fig. 2c.
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Fig. 2. a) UV/Vis; b) FTIR and ¢) *H NMR spectrum of poly(silyne-co-hydridocarbyne).

Fig. 2c shows the broad H-NMR resonances,
which is common spectrum for this type of polymer
[2, 3, 18, 19]. The peaks between -0.1 and 0.10 ppm
correspond to the protons of methyl (CHs) and
methine (CH) attached to silicon (vCH3-Si: 0.02 and
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vCH-Si: 0.08), other peaks at 1.19 and 1.47 ppm
correspond to aliphatic -CH-, -CHj-and -CHs;
protons [2, 3, 13-19]. Average molecular weight of
PSC was determined by GPC (GPC of PSC: Mn =
4589, Mw = 6404, PD = 1.40). This low molecular
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weight result of PSC is due to the calibration of GPC
instrument with linear polystyrene [2, 3, 10-19].

3.2 Polymer derived ceramic, SiC

Heat treatment of PSC produces a hard
crystalline substance in high yield; typically in the
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range of 20-50%, depending on pyrolysis
conditions. Pyrolysis at 1000 and 750°C nearly
resulted with 25% vyield ceramic, while the material
at 500-C was obtained in approximately 42% yield.
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Fig. 3. X-ray powder diffraction patterns of SiC ceramics produced at a) 1000°C, b) 750°C and c¢) 500°C.

The X-ray diffraction pattern of the SiC
specimens is shown in Fig. 3. Wide angle X-ray
powder diffraction patterns showed that SiC
ceramics were successfully produced from PSC
under CO; and ambient atmosphere. While SiC
produced at 500°C (Fig. 3c) was X-ray amorphous,
the samples produced at higher temperature, at 750
and 1000°C (Fig. 3a and 3b) , were crystalline, and
their reflections were consistent with the mixture of
Moissanite-5H, Moissanite-8H and Moissanite-84R,
reflections of which were assigned according to
“The International Center for Diffraction Data
(ICDD))” (PDF- 42-1360”, “PDF-72-1625", “PDF-
73-2082” and “PDF-73-2086, PDF-14-0654, PDF-
38-0360 and PDF-42-1360). These crystalline
samples are mostly composed of Moissanite-5H,
which results are consistent with ICDD [2,3]. There
are also some small reflections in Fig. 3a that cannot
be assigned to Moissanite-5H or any other SiC phase
[3]. Pyrolysis of the sample was carried out in an
alumina crucible and an alumina tube and thus, it is
believed that these peaks probably arose from Al,O3
contamination or SiO, formation during heat process
[2].

The polycrystalline SiC has several overtone
peaks in the range of 1000-2000 cm™ (Fig. 4) [20—
23]. SiC has a weak peak about 1620 cm™ [21, 23].
The Raman spectrum of the samples (Fig. 4) showed
very broad peaks in the vicinity of 1340 and 1600

cmt. The peaks around 1300 cm™ are the so-called
defect-induced D band, the peaks around 1600 cm™
are the in-plane vibrational G band, which are
respectively related with a strong sp3-like resonant
contribution and a sp?-like doublet as observed in
carbonous materials [21, 23]. Raman signals (Fig. 4)
related to carbon and SiC interfered with each other
since they appeared at the same Raman shift region
and were very broad shifts. The weak peaks of SiC
corresponding to the transversal optic at 796 cm™
and the longitudinal optic at 972 cm™* phonon modes
were not clearly observed since D and G band in the
spectra were significantly intense in Fig. 4. D and G
bands emerging in Fig. 4a are nearly at same heights;
however these are obviously different for SiC
produced at 750 and 500°C. Also, SiC formed at
500°C (Fig. 4c) might be attributed to be crystalline
SiC material from its Raman analysis; however, it
revealed that the X-ray diffraction pattern obtained
is more likely for an amorphous material. It can be
concluded that the composition of SiC produced at
500°C is mainly graphitic carbonous material. Thus,
this is the reason why D and G band in the Raman
analysis strongly appeared. Moreover, D band
clearly appeared with lower intensity than that of G-
band (Fig. 4c) which is another evidence for it to be
amorphous. This result is also very consistent with
X-ray and SEM (Fig. 3c and 5c) analyses.
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Fig. 4. Raman spectrum of SiC ceramics produced at a) 1000°C, b) 750°C and c) 500°C.
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Fig. 5. SEM images of SiC ceramics produced at a) 1000°C, b) 750°C and c) 500°C.

The SEM micrographs of SiC produced at seen clearly in SEM images in Fig. 5. At the
different temperatures are shown in Fig. 5. In terms moment, we have no significant means to control the
of morphology, it can be seen from Fig. 5 that crystal size and shape. It is obviously seen that SiC
ceramics are made up of particles which are irregular produced at 500°C is amorphous (Fig. 5¢) which is
in shape and form as agglomerates. The size of the very consistent with other analyses (Fig. 3c).
crystals is also mostly in the micrometer scale as
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4. CONCLUSIONS

The results showed that the synthesis of both the
polymer and the resulting ceramic is relatively
straightforward and simple. In the production of
advanced ceramic, argon or nitrogen gas is used to
create an inert media during thermal process,
however, there is no such a work to demonstrate the
production of SiC under CO. atmosphere. The
Raman and X-ray analysis showed that
polycrystalline SiC production was successfully
achieved at 1000 and 750-C under CO_ atmosphere.
The material produced at 500°C was amorphous and
the X-ray analysis showed it clearly. XRD results
seem to indicate that the SiC was not a single
Moissanite-5H, but the mixture of Moissanite-5H,
Moissanite-8H and Moissanite-84R.
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One of the measure of stability of the colloidal system is Zeta potential. In this study, artificial neural networks based
prediction of the zeta potential of the copolymer was investigated. Multilayered perceptron and generalized regression
neural networks were developed for zeta potential measurements of the copolymer as a function of pHs. Performance
indices were demonstrate that structured generalized regression neural networks can predict the zeta potential of the
copolymer quite efficiently than multilayer perceptron neural networks. The results showed that generalized regression
neural networks could be useful to predict the zeta potential of the copolymer at different pH values.

Keywords: zeta potential, artificial neural networks, multilayer perceptron, generalized regression neural network

1. INTRODUCTION

Acrtificial neural networks (ANNs) can be
summarized as an information processing system
consisting of many neurons in the human brain that
connected to one another in parallel with different
levels of effect. Artificial neural network is an
artificial simulation of the biological structure of the
human nervous system and the working system of
the human brain. Artificial neural networks are
algorithmic systems that can grasp nonlinear
relationships between different parameters, can
order large quantities of input data and transform
them into a graphical pattern of the output data. In
chemistry, several problems are composed of
complex systems and and artificial neural networks
(ANNSs) are tools that provides accurate results for
complex and nonlinear problems requiring high
computational costs [1-2].

In addition to fast computation superiority, the
basic advantages of ANNs are learning,
generalization ability of data, fault tolerance and
inherent contextual information processing [3].

Drug carriers that succeed several goals like
anhancement of biovailability,satability, preventing
the drug interactions are the most important ways
among new drug delivery systems. These carrier
systems which include, cellular carriers, particulate
carriers, lipoidal carriers, etc. were developed for
different aims depending on the requirements [4].
The aim of this article is to estimate the zeta potential
at different pHs of the copolymer

as an alternative drug carrier system using
algorithms and methodologies based on the ways in
which the human brain solves the problems. For this
purpose, we developed two type of neural network:
multilayer perceptron neural network (MLPNN) and

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

generalized regression neural network (GRNN). The
neural networks were

compared in order to the prediction capacity of
the zeta potential of copolymer at different pH
values.
2. ARTIFICIAL NEURAL NETWORKS

Recently there has been a growing interest on the
applications of neural networks in biomedical
research [5]. Artificial neural networks are designed
to simulate some of the functions of the human brain
using different learning algorithms. ANNs, have
notable information working properties of human
brain such as nonlinearity, high parallelism,
robustness, fault and failure tolerance, learning, to
handle imprecise and fuzzy information and their
ability to generalize [6]. Using this feature, ANN
can be used to solve complex real-life problems such
as classification, clustering, function approximation
and optimization[7].

Depending on the nature of the problem,
different neural network modeling arrangements are
made. These schemes are called artificial neural
network architecture and define the number of
hidden layers, the number of hidden nodes, the
number of nodes in the input and output layers,the
nature of activation functions and the learning
algorithm [8].

The two main categories can be divided into
ANN architectures, feed forward neural networks
and feedback neural networks. In the feed forward
neural networks, learning is a very important.
Supervised and unsupervised are the two type of
learning. Supervised learning occurs presenting
input and output data to the network [9].

The measurement types used to measure the
accuracy of the prediction are based on comparisons
between the predicted output and the actual values in
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supervised neural network. Coefficient of
determination (R?) and mean square error (MSE) are
the most common network performance
measurements [9].

Unsupervised neural network uses only the input
data to expose models in the characteristics of the
data. Unsupervised learning is to make the computer
learn how to do something we do not say how to do
it. Classification, data mining, and self-organizing
maps are most common unsupervised neural
networks. Supervised feed forward neural networks
has two different types: feed forward neural
networks trained with backpropagation algorithm
and statistical neural networks [9]. In this article, we
used the multilayer perceptron neural network and
generalized regression neural network. MLPNN is
the most common and successful supervised
learning architecture with multilayer
backpropagation algorithm. GRNN is the type of
neural networks that mainly depend on statistical
methods and probability theory.

2.1. Multilayer perceptron neural network

With multilayer perceptron the data information
only flows forward, which means that the output of
a layer is used only as the input of the next layer [10].
These algorithms are organized by several neurons
of different layers and are thus called multilayered.
Each connection between the input and hidden layers
(or more hidden layers) is like a synapse, and the
input data is replaced with a certain weight.
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Figure 1. General structure of MLP NN.

A three layer feed-forward network is composed
by an input layer, two hidden layers and the output
layer as shown in Fig. 1[11].

The value coming out of an input unit is labeled
x;. Each hidden node computes the weighted sum of
its inputs and applies a threshold value function to
determine the output of the hidden node [12]. The
weighted sum of inputs for hidden node z is
calculated as follows:

Yoo Whjx; 1)

Where wyja weight going to hidden unit
z,, from input unit x; would be labeled wy; .

Step or sigmoid functions are generally chosen as
threshold functions performed in the hidden node. In
the hidden node, using the sigmoid function, z,
becomes as follows

. . 1
Zp = SLngLd(Z}LO Wthj) =

(2)

d e :
1+ Zj=0Whj¥j

for h=1,2,...,H, where H is the number of hidden
nodes. Output is computed by the weighted sum of
inputs such that

0; = Yh=0 Vinzn (3)

to produce the output. We can apply several
functions on each of the output nodes, such as
Sigmoid [12]. If we apply the “softmax” function to

the weighted sum
0i

y; = softmax(o;) = m

H
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2.2. Generalized regression neural network

The generalized regression neural network
proposed by Specht (1991) does not require a
recurrent training procedure, such as the back
propagation method. GRNN predicts the function
between input and output vectors using training data.
GRRN has a rapid training capability on sparse data
sets such as probabilistic neural networks.As the
training set expands, the prediction error is reduced.
GRNN use just for the estimation of continuous
variables as standard regression techniques. GRNN,
which is similar to radial-based functions, is based
on standard regression. When a training set is given,
GRNN predicts the joint probability density function
of xand y [9].

If the joint probability density function f (X, y) is
known;

PR yf(xy)ay
If the probability density function is not known
A 1
fY) = ——
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(Y-vH?
exp |- 5] ®)
In this equation, p is the size of the x vector, n is
the number of observations, s is the correction
parameter. As D? is a scalar function,

D? = (X —x) (X — X9 W)

regression of dependent variable y according to
independent variable X is

2
Zn Yiexp _i
=1 252

7(X) = 8

input layer hidden layer summation layer output layer

Figure 2. General structure of GRNN

A four layer generalized regression neural
network is shown in Fig.2 [9].

3. EXPERIMENTAL STUDY

3.1. Instrument and materials

The particle size of copolymer in water was
measured via Brookhaven 90 Plus/BI-MAS (Multi
Angle Particle Sizing) and zeta potential
measurements of copolymer were also determined
by Brookhaven Zeta Potential Analyzer in water as
a function of pH at physiological temperature 37°C.
[13].

Zeta potential is the measurement of the push or
pull value between the particles. Zeta potential
measurement gives detailed information about the
distribution mechanisms and is the key to the
electrostatic distribution control. A certain overhead
grain pulls counter-load ions in the suspension
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resulting in a strong bond surface on the surface of
the loaded grain. And then form an outwardly spread
surface from the loaded grain. Within this diffused
surface there is a boundary called "sliding surface".
Loaded grain and its surrounding the portion of the
ions up to the sliding surface boundary acts as a
single piece. Potential on this slip surface is called
zeta potential and is affected both by the surface
texture of the grain and by the content of the liquid
it contains. The behavior of granules in polar liquids
determines the potential values of zeta, not the
electric charge on their surface [14].

The most important reason for determining the
zeta potential is to determine the size of the diffuse
double layer around the particle. Zeta potential
provides an understanding of many important
properties of the colloidal systems and allows them
to be controlled and to determine the electrical
charge or potential on the particles. It is also very
important for the understanding of dispersion and
aggregate processes. The size of the zeta potential
stabilizes the colloidal suspensions by preventing
aggregate formation [14].When all the particles have
a very large negative or positive zeta potential, the
particles push each other and the dispersion becomes
stable. When the particles have low zeta potential,
there is no force to prevent the particles from
accumulating, so dispersion imbalance (aggregation
and sedimentation) occurs.

Zeta potential is dependent on surface charge
density and double layer thickness. The surface
charge density depends on the concentration of the
potential determining ions. Since the H* ion is the
potential determinant ion in many systems, the zeta
potential is dependent on pH [14]. In this study, the
particle size and zeta potential of the copolymer in
the water was measured at different pHs [13].

Nano Particles with a zeta potential value that is
more positive than +30 mV and negative than -30
mV are considered stable and particles with a zeta
potential value of +30 mV to -30 mV are considered
unstable [15].

One of the most important factors that affect the Zeta
potential is pH. In this study, the effects of different
pHs and particle sizes of copolymer on the zeta
potential were investigated by using GRNN and
MLPNN. And estimation results are compared by
mean squared error and coefficient of determination.

4. RESULTS AND DISCUSSION

Model included two input variables (the particle size
(nm), the pH) and one output variable (the zeta
potential (mV)). The pH was measured at 17
different values, the lowest being 2.5 and the highest
being 11.7. The particle size was measured 5 times



for each pH value and the zeta potential was
calculated for each value [13].

Figure 3 shows the relationship between input and
output variables.

In the MLPNN and GRNN models, 70% (60 zeta
potential measurements) of the data were randomly
selected for the training and 30% (25 zeta potential
measurements) were used for testing. After
preparing the data, code for GRNN was
implemented and then the code was processed.
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Figure 3. The relationship between input and output
data of experimental measurements [13]

Using Weka software 3.8.1, the MLPNN model
is developed using ANN fitting tool. In the MLPNN,
a hidden layer was used in the network. To find the
optimal number of neurons in hidden layers of the
model, the size was expanded by adding 1 neuron at
each step starting from 1. The maximum number of
hidden layer neurons, which | is the number of input
variables, should be at most 2I+1 as discussed by
Caudill (1988). MPNNSs having one to five hidden
neurons were trained and one hidden neurons were
used for optimal network. Different transfer
functions were investigated and sigmoid transfer
function was used to achieve the best performance in
model. Learning rate and momentum were equal to
0.1 and 0.01, respectively. The initial weight
matrices were randomly selected and the learning
process continued until a sufficiently low mean
square error was obtained. Training started with a
small number of epochs (50) and the maximum
number of epochs to train was chosen as 500 [16].

Table 1. Result comparison of MLP and GRNN Model

Training set results | Testing set results

Model  —Mse R MSE R
MLPNN 15.68 0.8692 12.87 0.7437
GRNN 6.23 0.8943 10.65 0.8371

As shown in Table 2, GRNN gives better result
than MLPNN both training and testing sets to predict
the zeta potential of copolymer solution. The
regression plot for training and testing data of
GRNN is shown in Fig.4 and Fig.5, respectively.

The GRNN results of training and test data were
good fit with the experimental results as shown in
Fig. 4 and Fig.5.
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Figure 4. Regression plot of training data of the GRNN
model
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Figure 5. Regression plot of testing data of the GRNN
model

5. CONCLUSIONS

In this article, the two artificial neural network
algorithms, MLPNN and GRNN, were used to
predict the zeta potential of the copolymer and the
performance of these were compared. In order to
determine the stability of the copolymer, the particle
size and zeta potential in water were measured as a
function of pHs. The zeta potential behavior of the
copolymer solution is complex and important at
different pHs. The experimental data [13] were
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randomly divided into two groups as sets of training
and test. The models of MLPNN and GRNN were
built separately for these sets. In this study,
coefficient of determination (R?) and mean square
errors (MSE) for both models are considered to
compare prediction prerformance of the models. The
experimental data were compared to the predicted
values of zeta potential of copolymer based on both
models for training and test sets. The GRNN model
that has higher R? values and lower MSE values than
MLPNN model showed better performance in terms
of prediction accuracy. As a result, GRNN model of
pH on the zeta potential of the copolymer can be
preferred to MLPNN models in prediction with
articifical neural network.
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